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GRAPHICAL ABSTRACT

The Importance of Examining Thyroid Function Tests in Routine Follow-Up of Patients with Head
and Neck Malignancy Receiving Radiotherapy
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ABSTRACT

Aim: In this study, it was aimed to investigate thyroid dysfunction in patients who underwent radiotherapy due to primary head and neck
malignancy.

Material and Methods: The study was carried out between January 1, 2008 and January 31, 2017 at Zonguldak Bulent Ecevit University
Health Practice and Research Hospital with patients who received radiotherapy due to primary malignancy of the head and neck region and
did not undergo surgery. The data were recorded retrospectively from hospital records. All analyses were performed on SPSS v21 (SPSS
Inc., Chicago, IL, USA). Two-tailed p-values of less than 0.05 were considered statistically significant.
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Results: The results of a total of 132 cancer patients were examined. Cancers examined mostly consisted of 52.28% (n = 69) glottic /
supraglottic larynx cancer, 15.15% (n = 20) nasopharynx cancer, and 6.06% (n = 8) hodgkin lymphoma patients. In addition to ;78.8% (n
= 104) of the patients were male and the median age was 60.5 (min = 15, max = 84) years. Median duration of treatment was 44 (min = 8,
max = 354) days. It was determined that 28.8% (n = 38) of the patients had abnormal TSH value. Hypothyroidism developed in 15.9% (n =
21) of the individuals and hyperthyroidism developed in 12.9% (n = 17). And 29.0% (n = 11) of the TSH abnormalities determined in the pre-
radiotherapy period and 71.0% in the post-radiotherapy period. There was no significant difference in age and gender between the normal
TSH group and those that had abnormal TSH after radiotherapy; however, the age of patients with abnormal TSH value before radiotherapy
was significantly higher (p <0.001).

Conclusion: Thyroid dysfunction in head and neck malignancies may also be seen before treatment, but the frequency of thyroid dysfunction
increases after radiotherapy. The effect of radiotherapy on the thyroid gland is not affected by variables such as age and gender. Patients
who develop thyroid dysfunction after radiotherapy were younger than patients with thyroid dysfunction before radiotherapy. In the routine
follow-up of patients with head and neck malignancy who receive radiotherapy, the examination of thyroid function tests could be important
for the early detection of particularly subclinical cases.
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GRAFIKSEL OZET

Radyoterapi Alan Bag-Boyun Maligniteli Hastalarin Rutin Takibinde Tiroid Fonksiyon Testlerinin
incelenmesinin Onemi
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0z
Amac: Bu calismada primer bas ve boyun malignitesi nedeniyle radyoterapi uygulanan hastalarda tiroid fonksiyon bozuklugunun arastiril-
masi amagclandi.

Gerec ve Yontemler: Calisma 1 Ocak 2008 ile 31 Ocak 2017 tarihleri arasinda Zonguldak Biilent Ecevit Universitesi Tip Fakiiltesi
Hastanesi'nde bas ve boyun bélgesinin primer malignitesi nedeniyle radyoterapi alan ve ameliyat gecirmeyen hastalarla gerceklestirildi.
Veriler retrospektif olarak hastane kayitlarindan kaydedildi.

Bulgular: Toplam 132 kanser hastasinin sonuglari incelendi. incelenen bireylerin %52.28 (n = 69) glottik / supraglottik larinks kanseri,
%15.15 (n = 20) nazofarenks kanseri ve %6.06 (n = 8) hodgkin lenfoma hastalarindan olusuyordu. Hastalarin %78.8'i (n = 104) erkekti ve
ortanca yas 60.5 idi. Medyan tedavi siresi 44 (min = 8, maks = 354) giindli. Hastalarin %28.8'inde (n = 38) anormal TSH degeri saptand.
Bireylerin %15.9'unda (n = 21) hipotiroidizm, %12.9'unda (n = 17) hipertiroidizm gelisti. Radyoterapi 6ncesi donemde TSH anormalligi
%29.0'Inda (n = 11) ve radyoterapi sonrasi dénemde %71.0'Inda tespit edildi. Normal TSH grubu ile radyoterapi sonrasi anormal TSH'si
olanlar arasinda yas ve cinsiyet acisindan anlamli fark yoktu; ancak radyoterapi éncesi anormal TSH degeri olan hastalarin yasi anlamli
olarak daha yuksekti (p <0.001).

Sonuc: Radyoterapi alan bas ve boyun malignitesi olan hastalarin rutin takibinde, 6zellikle subklinik vakalarin erken saptanmasi igin tiroid
fonksiyon testlerinin incelenmesi énemli olabilir.

Anahtar Sozciikler: Bas ve boyun maligniteleri, radyoterapi, tiroid disfonksiyonu
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Thyroid Functions After Radiotherapy

INTRODUCTION

Thyroid dysfunction is among the most common endocrine
disorders. Symptoms encountered in clinical practice vary
depending on increasing or decreasing blood levels of thy-
roid hormones (1). Thyroid dysfunction can be caused by
various conditions, such as autoimmune factors, use of
various drugs, surgical removal of the thyroid gland, and
radiotherapy (RT) (2).

Thyroid dysfunction is common after radiotherapy applied
to patients with primary head and neck malignancy (HNM)
(3). Although it is reported at different frequencies, the av-
erage frequency is around 40% (4-7). Risk is particularly
high in patients diagnosed with nasopharyngeal cancer (8).
Thyroid dysfunction after radiotherapy can be affected by
many variables such as race, age, gender, thyroid gland
size, radiotherapy applied area, radiotherapy dose (9-13).
Radiotherapy applied to the head and neck region also
negatively affects other healthy tissues in this region (3).
Since the thyroid gland —which secretes and stores thyroid
hormones crucial for metabolism— is located in this region,
the damage caused by radiotherapy in this tissue should be
investigated. Unlike other tissues in this region, thyroid dys-
functions can be monitored with various hormonal values
such as thyroid-stimulating hormone (TSH), T3 and T4 lev-
els. For this reason, TSH concentration should be followed
up at routine intervals in patients undergoing radiotherapy
due to HNM (5). It is recommended to evaluate thyroid func-
tions in 3 to 6-month periods after the start of treatment.
Another approach is to evaluate thyroid function twice in the
first year and once in the following years (14).

It is important to consider the negative effects of radiother-
apy on thyroid functions during follow-up studies due to
the possibility of severe negative effects. In this study, we
aimed to investigate thyroid dysfunction in patients who un-
derwent radiotherapy due to primary HNM.

MATERIALS and METHODS

This retrospective cohort study was carried out between
January 1, 2008 and January 31, 2017 at Zonguldak Bu-
lent Ecevit University Health Practice and Research Hospi-
tal with patients who received radiotherapy due to a primary
malignancy of the head and neck region and did not un-
dergo surgery. The data were recorded retrospectively from
hospital records. Patients with a history of thyroid surgery
for any reason, those who were not deemed to be euthyroid
at the time of diagnosis, and patients whose radiotherapy
could not be completed were excluded from the study.

Measurements

All patients attended follow up studies regularly with thyroid
function tests before and after treatment. Normally, thyroid
function values are checked before treatment to understand

whether thyroid dysfunction is due to radiotherapy during
patient follow-up. Demographic findings, follow-up duration,
thyroid dysfunction duration, and the development of hyper-
thyroidism or hypothyroidism were recorded. Patients were
not given steroid treatment after radiotherapy.lodinated
contrast material was not used in the follow-up of the pa-
tients.Patients with head and neck cancer do not have thy-
roid tissue invasion. In short, other factors that could cause
thyroid dysfunction were excluded.

Ethical Issues

Ethics committee approval was obtained from the Ethics
Committee of Zonguldak Bulent Ecevit University (Approval
no: 2018/22, Date: 21/11/2018).

Statistical Analysis

All analyses were performed on SPSS v21 (SPSS Inc.,,
Chicago, IL, USA). For the normality check, the Kolmogor-
ov-Smirnov test was used. Data are given as median (min-
imum - maximum) for continuous variables since they were
non-normally distributed, and as frequency (percentage) for
categorical variables. Continuous variables were compared
with the Mann Whitney U test. Categorical variables were
evaluated by using the Chi-square test or Fisher’s exact
test. Two-tailed p-values of less than 0.05 were considered
statistically significant.

RESULTS

In the current study, the results of a total of 132 cancer pa-
tients were examined. The most common cancers exam-
ined in this study were as follows: 52.28% (n = 69) glottic
/ supraglottic larynx cancer, 15.15% (n = 20) nasopharynx
cancer, and 6.06% (n = 8) hodgkin lymphoma (Table 1). In
addition to this, 78.8% (n = 104) of the patients were male
and the median age was 60.5 (min = 15, max = 84) years.
Median duration of treatment was 44 (min = 8, max = 354)
days. It was determined that 28.8% (n = 38) of the patients
had abnormal TSH value. Hypothyroidism developed in
15.9% (n = 21) of the individuals and hyperthyroidism de-
veloped in 12.9% (n = 17). While 29.0% (n = 11) of the
abnormal TSH values were determined in the pre radiother-
apy period, 71.0% were detected in the post radiotherapy
period (Table 2).

There was no significant difference in age and gender be-
tween patients whose TSH values were normal and those
with abnormal TSH values (p> 0.05) (Table 3). All (n = 11)
of the patients with abnormal TSH value before radiothera-
py were male and the median age was 69 (min = 53, max
= 84) years. In addition to 70.4% (n = 19) of the patients
with abnormal TSH after radiotherapy were male and the
median age was 52 (min = 23, max 77) years. Compared
to patients with abnormal TSH value after radiotherapy, the
age of patients with abnormal TSH value before radiothera-
py was significantly higher (p <0.001, Table 4).
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Table 1: Location of Cancers / Tumors.

Table 2: Summary of Patients’ Characteristics.

Malignancy Frequency Percentage

(n) (%)
Glottic / Supraglottic Larynx Ca 69 52.27
Nasopharynx Ca 20 15.15
Hodgkin Lymphoma 8 6.06
Hypopharyngeal Ca 6 4.55
Non-Hodgkin Lymphoma 5 3.79
Submandibular Gland Ca 4 3.03
Tongue / Base of Tongue Ca 4 3.03
Tonsil Ca 4 3.03
Palate Ca 2 1.52
Parotid Gland Ca 2 1.52
Floor of Mouth Ca 1 0.76
Lower Lip Ca 1 0.76
Buccal Mucosa Ca 1 0.76
Maxillary Sinus Tumor 1 0.76
Nasal Cavity Ca 1 0.76
Oropharynx Ca 1 0.76
Cervical Esophageal Ca 1 0.76
Sino-nasal Neuroendocrine Tumor 1 0.76
Total 132 100.00

DISCUSSION

Radiotherapy applied for the treatment of HNM can affect
other tissues in the target area.The thyroid gland is in this
region and its functions are critical for normal metabolism.
In this study, which examined thyroid dysfunctions before
and after radiotherapy in cancers of this region, hypothy-
roidism was found in 15.9% (n = 21) of patients, and hyper-
thyroidism was detected in 12.9% (n = 17). It was interest-
ing that a considerable percentage of TSH abnormalities
(29.0%, n = 11) were present before radiotherapy; however,
the majority of abnormalities(71.0%) developed after radi-
otherapy. Compared to patients with abnormal TSH value
after radiotherapy, the age of patients with abnormal TSH
value before radiotherapy was significantly higher.

Thyroid dysfunctions in cancer patients may be seen before
radiotherapy as well as after treatment. Approximately one-
third of the abnormal TSH values determined in our study
were recorded in the pre-treatment period. Krashin et al.
examined the relationship between thyroid hormones and
cancer and reported that thyroid hormones affect various
processes such as cancer development, proliferation, ap-
optosis and metastasis (15). In many studies, it has been
shown that the increase in thyroid hormones is associated
with an increase in the incidence of various types of cancer
and a worse cancer prognosis (16-21). Therefore, determin-

Age 60.5 (15 - 84)
Gender
Male 104 (78.79)
Female 28 (21.21)
Duration of Treatment (day) 44 (8 - 354)
Abnormal TSH 38 (28.79)
Hypothyroidism 21 (15.91)
Hyperthyroidism 17 (12.88)
Abnormal TSH Time
Before RT 11 (28.95)
After RT 27 (71.05)

Abnormal TSH Time (day)

Before RT

111 (12 - 476)

After RT 255 (4 - 1497)
TSH values 5.87 (0.01 - 100)
Hypothyroidism 8.7 (5.81 - 100)
Hyperthyroidism 0.24 (0.01 - 0.33)
Abnormal T3 38 (28.79)
Low T3 21 (15.91)
High T3 17 (12.88)
Abnormal T3 Time
Before RT 11 (28.95)
After RT 27 (71.05)

Abnormal T3 Time (day)

Before RT

111 (12 - 476)

After RT 255 (4 - 1497)
T3 values 3.9 (0.9 - 4.55)
Low T3 1.87 (0.9 - 4.35)
High T3 4.31 (3.98 - 4.55)
Abnormal T4 15 (11.36)
Normal 2 (1.52)
Low T4 9 (6.82)
High T4 4 (3.03)
Abnormal T4 Time
Before RT 5(33.33)
After RT 10 (66.67)
Abnormal T4 Time (day)
Before RT 81 (12-127)
After RT 454 (160 - 1277)
T4 values 0.49 (0 - 4.6)
Normal 2.76 (0.92 - 4.6)
Low T4 0.25 (0-1.37)
High T4 2.01 (1.42-2.9)

Data are given as median (minimum - maximum) for continuous
variables and as frequency (percentage) for categorical variables.
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Table 3: Age and gender comparison results with regard to
presence of abnormal TSH values.

Table 4: Age and gender comparison results with regard to
presence of abnormal TSH values before or after treatment.

Normal TSH Abnormal TSH p Before RT (n=11) After RT (n=27) p
Age 61 (15 - 83) 59.5 (23 - 84) 0.782 Age 69 (53 - 84) 52 (23 -77) <0.001
Gender Gender
Male 74 (78.72) 30 (78.95) Male 11 (100.00) 19 (70.37)
1.000 0.077
Female 20 (21.28) 8 (21.05) Female 0 (0.00) 8 (29.63)

Data are given as median (minimum - maximum) for continuous
variables and as frequency (percentage) for categorical variables

ing whether the disorder in thyroid functions has occurred
before or after the cancer (and radiotherapy) may elucidate
the causal characteristics of this relationship. Hercbergs
et al. reported that hyperthyroidism has cancer-inducing
properties; whereas hypothyroidism was found to have the
opposite effect,a reduction in proliferation (22). In addition,
there are studies reporting that hypothyroidism in HNM may
enhance survival and could also reduce the risk of recur-
rence(23-25).

The thyroid gland is a tissue that is very sensitive to radia-
tion exposure. The effects of radiotherapy on the thyroid are
various, and it has been demonstrated that nodule forma-
tion, cancer development and hypothyroidism may be as-
sociated with radiotherapy application. Studies have shown
that these effects are associated with the dose of radiation
applied. Several studies have reported that higher doses
of radiotherapy applied for HNM increase the risk of hypo-
thyroidism in patients (26-28). At lower doses, radiotherapy
has been reported to cause an increase in the incidence
of autoimmune diseases of thyroid (26-28). Various studies
have suggested that follicular epithelial cells in the thyroid
gland are damaged due to radiotherapy, subsequently lead-
ing to thyroid dysfunction (27). As a result of the damage,
hypothyroidism or hyperthyroidism can be seen, while au-
toimmune conditions have also been shown to be triggered,
possibly due to the accumulation of lymphocytes (29, 30).
It should not be forgotten that the effects of radiotherapy
can continue for 2-3 years —albeit depending on the area
and dose of radiotherapy(13, 31-33). In addition, since the
negative effects may regress over time, it has been sug-
gested that the actual frequency of these problems after
radiotherapy may not be determined in cases (especially
those without symptoms) in the absence of temporal in-
vestigations(34). It has been shown that chemotherapy ap-
plied without radiotherapy does not affect thyroid function
(35, 36). EI-Shebiney et al., in HNM patients with normal
TSH before radiotherapy, reported that hypothyroidism de-
veloped in 24.6% of patients in the first year, 36.5% in the
second year and 42.3% in the third year after radiotherapy
(31). Although the follow-up period of the patients evaluated
in our study was heterogeneous, abnormal TSH value was
found in 28.2% of patients after radiotherapy. This frequen-

Data are given as median (minimum - maximum) for continuous
variables and as frequency (percentage) for categorical variables

cy is compatible with the literature. We also found that hypo-
and hyperthyroidism were present in our study group. It was
thought that the development of hyperthyroidism could be
associated with early damage leading to thyroiditis.

Damage to the thyroid due to radiotherapy applied for the
treatment of HNM may vary depending on the various fea-
tures of the patient. Murthy et al. examined the frequency
of hypothyroidism after radiotherapy applied to 89 patients
with head and neck squamous cell carcinoma, and reported
that hypothyroidism developed more frequently in younger
patients (12). Similarly, Wu et al. reported that being young-
er than 30 years old increased the frequency of hypothy-
roidism as a result of their studies evaluating the effect of
radiotherapy applied to 408 patients with nasopharyngeal
cancer (37). In different studies, the negative effect of ra-
diotherapy on the thyroid has been shown to be inverse-
ly related to age (32, 38, 39). This may be related to the
reduction of mitotic activity with aging (40). In contrast to
these studies, Lo Galbo et al. reported that the frequency
of hypothyroidism after radiotherapy increased with higher
age in their study of 137 patients with larynx and hypophar-
ynx cancer (33). Similarly, Diaz et al. reported that thyroid
dysfunction was associated with higher age after radiother-
apy applied to 144 patients with HNM (32). Colevas et al.
determined that patients with a head and neck squamous
cell carcinoma over 60 years of age had a higher frequency
of post- radiotherapy hypothyroidism (41). Finally, Hancock
et al. suggested that higher age was significantly associ-
ated with hypothyroidism in 1460 Hodgkin lymphoma pa-
tients who had undergone radiotherapy (42). In our study,
no significant relationship was found between the presence
of thyroid dysfunction and age; however, very interestingly,
the age of patients with abnormal TSH before radiotherapy
was found to be significantly higher than those with abnor-
mal TSH after radiotherapy. When the conflicting results of
published studies and our findings are evaluated together,
it seems feasible to suggest that age has a more complex
role in the development of thyroid dysfunction. We believe
future studies could benefit from temporal evaluation of thy-
roid function in patients with HNM, both before and after
treatment with radiotherapy. In regard to gender differences,
prior studies have shown that women are less affected by
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radiotherapy due to the smaller size of the thyroid gland
(43-45). In our study, the frequency of thyroid dysfunction
was not different between the males and females.

Many studies have shown that the size of the thyroid gland
is associated with thyroid dysfunction (9, 10). In this study,
thyroid gland size was not evaluated. In addition, different
studies have shown that radiotherapy dose, application
area and duration of treatment are associated with thyroid
dysfunction (11,12). The effects of factors such as chemo-
therapy drugs applied with radiotherapy, time after radio-
therapy treatment, and smoking of tobacco products were
shown to be influential in this regard (13); but these varia-
bles were not evaluated in this study. In many other studies,
while only hypothyroidism was examined, in our study, hy-
pothyroidism and hyperthyroidism were evaluated; thus, an
overall ‘thyroid dysfunction’ category was also investigated.
Although this may have caused erroneous interpretations in
comparison with other studies, we believe this assessment
could provide important real-life data to physicians. Finally,
we must note that, in studies where different types of can-
cers observed in the head and neck region are examined
under a single heading, it is difficult to draw healthy con-
clusions due to the heterogeneity of the cancer types and
stages.

Conclusion

Thyroid dysfunction in HNM may be seen before treatment,
but the frequency of thyroid dysfunction increases after ra-
diotherapy. The effect of radiotherapy on the thyroid gland
does not seem to be influenced by age and gender in the
current study. However, patients who developed thyroid
dysfunction after radiotherapy were younger than patients
with thyroid dysfunction before radiotherapy. In the routine
follow-up of radiotherapy recipients due to HNM, the exam-
ination of thyroid function tests may be crucial for the early
detection of subclinical cases. In future studies, a higher
number of patients in each disease category should be
included, and features such as cancer type, stage, radio-
therapy dose, thyroid gland size, gender and age should be
recorded for more detailed analysis. In addition, our results
show that it may be useful to examine both hypothyroidism
and hyperthyroidism in those who undergo radiotherapy for
HNM.
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