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Predicting risk factors for hypothyroidism after
definitive radiotherapy for early glottic carcinomas
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Abstract. Hypothyroidism may occur after definitive radio-
therapy in rare cases of early glottic carcinoma. However, to
the best of our knowledge, no study to date has examined the
risk factors for hypothyroidism specifically after definitive
radiotherapy in patients with early glottic carcinoma. The
present study determined risk factors for hypothyroidism after
definitive radiotherapy in patients with early glottic carcinoma.
This was a retrospective study that included 73 patients with
T1 or T2, NO glottic squamous cell carcinoma who underwent
radiotherapy between June 3, 2009 and December 25, 2020.
Demographic and clinical characteristics, including age, sex,
tumor stage and pretreatment thyroid volume, were examined
to elucidate the clinical risk factors for hypothyroidism. Field
size, total prescribed dose and thyroid receiving dose were
evaluated as dosimetric risk factors for hypothyroidism.
Irradiated underlying thyroid volumes of more than 5, 10,
20, 30, 40, 50, 60 and 65 Gy (V5Gy, V10Gy, V20Gy, V30Gy,
V40Gy, V50Gy, V60Gy and V65Gy) and mean thyroid
dose were included as thyroid receiving doses. The median
follow-up duration was 61 months (range, 7-150 months).
Hypothyroidism was present in 15 (21%) of the 73 patients,
including 12 and 3 patients with grade 1 and 2 hypothyroidism,
respectively. Among the demographic and clinical factors, sex
and pretreatment thyroid volume were significantly associated
with hypothyroidism (P=0.007 and P<0.001, respectively).
Among the dosimetric factors, the presence of hypothyroidism
was significantly associated with V5Gy (P=0.012), V10Gy
(P=0.015), V20Gy (P=0.020), V30Gy (P=0.024), V40Gy
(P=0.028), V50Gy (P=0.028), V60Gy (P=0.027) and mean
thyroid dose (P=0.023). In conclusion, sex, pretreatment
thyroid volume and thyroid receiving dose were associated
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with hypothyroidism after definitive radiotherapy in patients
with early glottic carcinoma. Particularly, the receiving dose
to the thyroid gland should be reduced in female patients and
in those with small thyroid volumes who are at higher risk for
hypothyroidism following radiotherapy.

Introduction

Radiotherapy is one of the standard treatment methods for
patients with early laryngeal carcinoma, although laser therapy
and partial laryngectomy can be used for definitive treatment
as well (1-3). The goal of treatment is not only to cure cancer,
but also to keep the vocal cords with acceptable voice quality,
and avoid major treatment-related adverse events (AEs). These
goals can be achieved with definitive radiotherapy in most
patients with early laryngeal carcinoma. Laryngeal carcinoma
is classified in supraglottic, glottic, and subglottic types based
on the location, and glottic carcinomas are the most common
type (70%). Additionally, most glottic carcinomas are diag-
nosed in its early stage, accounting for approximately 70% of
all cases. Irradiation for early glottic carcinoma is delivered
through small radiation portals covering the glottic tumor
because the lymph node metastasis in neck is rare. Therefore,
AEs are considered mild after radiotherapy for early glottic
carcinoma. Nevertheless, serious AEs, including hypothy-
roidism, may occur after definitive radiotherapy in rare cases
of early glottic carcinoma.

Hypothyroidism can be divided into two categories: clin-
ical and subclinical hypothyroidism. Clinical hypothyroidism
is a condition of a high thyroid-stimulating hormone (TSH)
level in the presence of a free thyroxine (FT4) level lower than
the normal range, whereas subclinical hypothyroidism is a
condition of a high TSH level in the presence of an FT4 level
within the normal range. The fatigue, drowsiness, intolerance
of cold, weight gain, constipation, aural changes, and dry skin
are common clinical symptoms of hypothyroidism (4). Patients
with mild hypothyroidism may have no obvious symptoms, but
severe hypothyroidism may increase the incidence of cardio-
vascular disease and risk of death, including heart failure,
atrial fibrillation, and coronary artery disease (5-7).

In our previous study (8), we identified the risk factor for
local failure in T1 glottic carcinoma irradiated at the prescribed
66 Gy. However, this study was insufficient to investigate
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AEs, and risk factors for radiation-related hypothyroidism
were unclear. Numerous researchers have examined factors
associated with hypothyroidism in patients with head and neck
cancers who receive whole-neck radiotherapy. Clinical and
demographic factors such as dose-volume parameters (9-11),
chemotherapy (12-14), neck surgery (15,16), sex (12,13,17),
age (12,18), and follow-up duration (19) are considered risk
factors for radiation-induced hypothyroidism. However, no
study to date has examined the risk factors for hypothyroidism
specifically after definitive radiotherapy in patients with early
glottic carcinoma. We therefore conducted a retrospective study
to investigate the risk factors associated with hypothyroidism
after definitive radiotherapy in patients with early glottic carci-
noma given that the knowledge of these factors is important to
improve the safety of radiotherapy in these patients.

Materials and methods

Patients. A total of 109 consecutive patients with T1 or T2, NO
glottic squamous cell carcinoma were irradiated definitively
without concurrent chemotherapy between June 3, 2009 and
December 25, 2020 in the study institution. This retrospective
study included patients who were evaluated for thyroid function
and followed for a minimum of 6 months after radiotherapy.
Therefore, 73 of the 109 patients were included in this study.
All patients provided written informed consent, and the study
was approved by the Institutional Review Board of Tokyo
Medical University Hospital (approval no. T2021-0260).

Cancer stage was classified according to the 2016 TNM
classification (8th edition, Union for International Cancer
Control). This study cohort included 62 male and 11 female
patients, and the median age of patient was 72 (range, 47-86)
years. The Eastern Cooperative Oncology Group performance
status was 0 in 98% of the patients. The cancer stages were
TINOMO and T2NOMO in 53 and 20 patients, respectively, and
no patients had neck or distant metastases. In the study cohort,
16 patients (22%) had two primary cancers and 3 patients (4%)
had three primary cancers.

Radiation treatment. Three-dimensional radiotherapy was
planned and performed on patients in the supine position
using a shell. As part of the treatment planning, all patients
underwent cervical computed tomography (CT) imaging with
2.5-mm slice thickness. Treatment planning was performed
using the Eclipse™ treatment planning system (Varian
Medical Systems, Palo Alto, CA). In all patients, the standard
radiotherapy technique with parallel-opposed lateral fields was
used to deliver the photons of a 4-MV X-ray beam for 5 days
per week. Irradiation was delivered via local radiation portals,
mostly those sized 5-6x5-6 cm, which covered only the glottic
tumor. The cervical lymph node chain was not included in the
treatment plan. The dose was 66 Gy administered in 33 frac-
tions over 6.6 weeks in patients with T1 glottic carcinoma and
70 Gy administered in 35 fractions over 7 weeks in patients
with T2 glottic carcinoma. The patient characteristics and
radiotherapy details are summarized in Table I.

Follow-up procedures. Patients were followed up regularly at
2- to 3-month intervals for the first 2 years after diagnosis and
4- to 6-month intervals thereafter in patients without clinical

Table I. Characteristics of the patients (n=73) and radiation
treatment.

Variables Value
Sex, n (%)

Male 62 (85)

Female 11 (15)
Median age, years (range) 72 (47-86)
Performance status, n

0 72

1 1
Stage of primary tumors, n (%)

T1 53 (73)

T2 20 (27)
Total dose/fractionation, n (%)

66 Gy/33 Fr 60 (82)

70 Gy/35 Fr 13 (18)
Field size, n (%)

<6 cm 36 (50)

>6 cm 37 (50)

Fr, fractionations.

symptoms. At each follow-up visit, the medical history, phys-
ical examination, laryngoscopy, CT scans, and tumor marker
assessment were evaluated. Data on radiotoxicity were retro-
spectively collected from the patient files. Hypothyroidism
was defined as the presence of a high TSH level regardless
of the FT4 level and was graded as follows according to the
Common Terminology Criteria for Adverse Events v. 4.0:
grade 1, asymptomatic hypothyroidism requiring clinical
or diagnostic observation only; grade 2, symptomatic hypo-
thyroidism requiring medical intervention; grade 3, severely
symptomatic hypothyroidism requiring hospitalization; grade
4, life-threatening consequences of hypothyroidism requiring
urgent intervention; and grade 5, death.

Assessment of risk factors for hypothyroidism. Age, sex, Tumor
stage (T) stage, and pretreatment thyroid volume were evalu-
ated as clinical risk factors for hypothyroidism. Pretreatment
thyroid volumes were determined using CT scans obtained
during treatment planning for radiotherapy. Field size, total
prescribed dose, and thyroid receiving dose were evaluated as
dosimetric risk factors for hypothyroidism. Underlying irradi-
ated thyroid volumes of more than 5, 10, 20, 30, 40, 50, 60,
and 65 Gy (V5Gy, V10Gy, V20Gy, V30Gy, V40Gy, V50Gy,
V60Gy, and V65Gy, respectively) and mean thyroid dose were
calculated as thyroid receiving doses.

Statistical analysis. The time to hypothyroidism onset after
definitive radiotherapy was calculated from the first day of radio-
therapy. The relationship of hypothyroidism with age, sex, T stage,
field size, and total prescribed dose was calculated using Fisher's
exact probability test. The relationship of hypothyroidism with
pretreatment thyroid volume, V5Gy, V10Gy, V20Gy, V30Gy,
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Table II. Clinical risk factors associated with hypothyroidism.

Without With
Variables hypothyroidism (n=58) hypothyroidism (n=15) P-value
Sex (male vs. female) 53vs.5 9vs.6 0.007
Age (<75 vs. 275 years) 38 vs.20 7vs.8 0.149
T stage (T1 vs. T2) 42 vs. 16 11 vs. 4 0.610
Pretreatment thyroid 13.5 (14.7£8.3) 6.7 (74+2.2) <0.001

volume, ml [median
(mean = SD)]

V40Gy, V50Gy, V60Gy, V65Gy, and mean thyroid dose were
analyzed using the Mann-Whitney U test. For these factors, the
receiving operating characteristic (ROC) curves were generated
to determine the cutoff values that yielded the optimal sensitivity
and specificity. Univariate logistic regression analyses were
performed to evaluate the data using IBM SPSS Statistics 20.0
(SPSS, Armonk, NY, USA). Differences with P-values of <0.05
were considered indicating statistical significance.

Results

Incidence of hypothyroidism. The median follow-up duration
was 61 (range, 7-150) months. Hypothyroidism was present in
15 (21%) of the 73 patients and were classified as grades 1
and 2 in 12 and 3 patients, respectively. The median time to
hypothyroidism onset after the start of definitive radiotherapy
was 16 (range, 3-77) months. Hypothyroidism improved in 6 of
the 15 patients in a median of 13 (range, 5-24) months.

Analysis for the demographic and clinical factors with hypo-
thyroidism. The relationships of the demographic and clinical
factors with hypothyroidism are summarized in Table II. Briefly,
sex and pretreatment thyroid volume were significantly associ-
ated with hypothyroidism (P=0.007 and <0.001, respectively).
The incidence rates of hypothyroidism were 15 and 55% in male
and female patients, respectively, and the incidence of hypothy-
roidism was 3.67 times higher in female patients than in male
patients. The median pretreatment thyroid volumes were 12.3
(range,4.9-62.8) and 7.0 (4.0-32.5) ml in male and female patients,
respectively. The pretreatment thyroid volume was significantly
lower in female patients than in male patients (P=0.035). The
ROC analysis for hypothyroidism showed that the area under the
ROC curve (AUC) for pretreatment thyroid volume was 0.905
[95% confidence interval (CI), 0.833-0.978] (Fig. 1). The cutoff
value of pretreatment thyroid volume was 9.50 ml, with a sensi-
tivity of 81.0% and a specificity of 86.7%. The incidence rates of
hypothyroidism were 54 and 4.1% for patients with pretreatment
thyroid volumes of <9.50 and =9.50 ml, respectively. The inci-
dence of hypothyroidism was 13.2 times higher in patients with
a pretreatment thyroid volume of <9.50 ml than in those with a
pretreatment thyroid volume of >=9.50 ml.

Analysis for the dosimetric factors with hypothyroidism.
Table IIT shows the relationship of hypothyroidism with
dosimetric factors in the study cohort. The univariate analysis
revealed that hypothyroidism was significantly associated

with V5Gy (P=0.012), V10Gy (P=0.015), V20Gy (P=0.020),
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Figure 1. Receiver operating characteristic analysis of the thyroid volume
associated with the development of hypothyroidism after radiotherapy for
early glottic carcinoma. The area under the receiver operating characteristic
curve for pretreatment thyroid volume was 0.905 (95% CI, 0.833-0.978). The
cutoff value of pretreatment thyroid volume was 9.50 ml, with a sensitivity of
81.0% and a specificity of 86.7%.

V30Gy (P=0.024), V40Gy (P=0.028), V50Gy (P=0.028),
V60Gy (P=0.027), and mean thyroid dose (P=0.023). The ROC
analysis revealed that that the AUCs for V5Gy, V10Gy, V20Gy,
V30Gy, V40Gy, V50Gy, V60Gy, and mean thyroid dose were
0.711 (95% CI, 0.558-0.865), 0.705 (0.554-0.857), 0.695
(0.541-0.850), 0.690 (0.535-0.845), 0.684 (0.528-0.841), 0.684
(0.531-0.838), 0.686 (0.536-0.846), and 0.692 (0.537-0.847),
respectively (Fig. 2). V5Gy had the highest AUC value among
all factors related to the thyroid receiving dose. The cutoff
value of V5Gy was 45.6%, with a sensitivity of 73.3% and a
specificity of 51.3%.

Discussion

In the present study, hypothyroidism was present in 15 (21%)
of the 73 patients with early glottic carcinoma, including 12
and 3 patients with grade 1 and 2 hypothyroidism, respec-
tively. Our analyses revealed that sex, pretreatment thyroid
volume, V5Gy, V10Gy, V20Gy, V30Gy, V40Gy, V50Gy,
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Figure 2. Receiver operating characteristic analysis of the thyroid receiving doses associated with the development of hypothyroidism after radiotherapy for
early glottic carcinoma. The AUCs for V5Gy, V10Gy, V20Gy, V30Gy, V40Gy, V50Gy, V60Gy and V65Gy are shown. (A) V5Gy, 0.711 (95% CI, 0.558-0.865);
(B) V10Gy, 0.705 (95% CI, 0.554-0.857); (C) V20Gy, 0.695 (95% CI, 0.541-0.850); (D) V30Gy, 0.690 (95% CI, 0.535-0.845); (E) V40Gy, 0.684 (95% CI,
0.528-0.841); (F) V50Gy, 0.684 (95% CI,0.531-0.838); (G) V60Gy, 0.686 (95% CI,0.536-0.846); and (H) mean thyroid dose, 0.692 (95% CI,0.537-0.847). The
AUC value was the highest for V5Gy. The cutoff value of V5Gy was 44.8%, with a sensitivity of 73.3% and a specificity of 50.0%. AUC, area under the receiver
operating characteristic curve. Vx Gy, irradiated underlying thyroid volumes of more than x Gy.

V60Gy, and mean thyroid dose were significantly associated
with hypothyroidism. Several studies reported the risk factors
of radiation-induced hypothyroidism in patients with head and
neck cancers (9-23). The reported incidence of hypothyroidism
after definitive radiotherapy in the neck varies between 23 and
53% (20). In the present study, hypothyroidism developed in
21% of the patients, in agreement with the previous studies.
Although numerous groups investigated factors related to
radiation-induced hypothyroidism in patients undergoing
whole-neck radiotherapy for head and neck cancers, such as
nasopharyngeal, oral, and hypopharyngeal cancers, to our
knowledge this is the first study examining the risk factors for
hypothyroidism after definitive radiotherapy in patients with
early glottic carcinoma, because small radiation portals are
used to cover only the primary tumor and the cervical lymph
node chain is not included in the treatment plan.

We found that sex and pretreatment thyroid volume were
significantly associated with hypothyroidism in patients with
early glottic carcinoma receiving definitive radiotherapy.
Fan et al (12) found that the incidence of hypothyroidism
was 2.0 times higher in female patients than in male patients.
Rgnjom ez al (24) found thatthe median thyroid volume of female
patients was significantly lower than that of male patients (13.4
vs. 18.4 cm?, P<0.001). Lertbutsayanukul et al (11) conducted
a prospective analysis of 178 patients and reported that a small
thyroid volume (<8 cm?) was a risk factor for hypothyroidism
based on univariate analysis, similar to the findings of a study
by Zhai et al (21), who reported that younger age, female sex,
and a smaller thyroid volume were significantly associated
with hypothyroidism. Although the relationship between sex
and thyroid volume remains to be further elucidated, many
studies reveal that female patients are more likely to develop
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Table III. Association between dosimetric factors and hypothyroidism.
Without With

Variables hypothyroidism (n=58) hypothyroidism (n=15) P-value
Field size (<6 vs. =6 cm) 28 vs. 30 8vs.7 0476
Total prescribed dose (66 vs. 70 Gy) 48 vs. 10 12 vs. 3 0.531
V 5Gy, % [median (mean + SD)] 449 (45.2+£18.3) 65.7 (62.0+£22.5) 0.012
V10 Gy, % [median (mean + SD)] 38.6 (38.3+17.3) 53.5 (54.5+£23.1) 0.015
V20 Gy, % [median (mean + SD)] 32.8(33.0+£16.4) 47.0 (48.5+£23.2) 0.020
V30 Gy, % [median (mean + SD)] 28.7 (29.4+15.7) 41.5 (44.2+23.1) 0.024
V40 Gy, % [median (mean + SD)] 253 (26.1x15.1) 36.0 (40.1+£22.9) 0.028
V50 Gy, % [median (mean + SD)] 19.8 (22.4+14.2) 31.3(35.4+22.6) 0.028
V60 Gy, % [median (mean + SD)] 11.6 (16.1+12.9) 19.8 (27.2+20.9) 0.027
V65 Gy, % [median (mean + SD)] 1.8 (7.4+10.6) 92 (11.2x11.9) 0.304
Mean thyroid dose, Gy [median 19.0 (20.3+9.9) 27.6 (29.2+13.9) 0.023

(mean = SD)]

Vx Gy, irradiated underlying thyroid volumes of more than x Gy.

hypothyroidism (22). In the present study, we also found that
the pretreatment thyroid volume was significantly lower in
female patients than in male patients. We suggest that female
patients may be at higher risk for hypothyroidism because
of a significantly lower thyroid volume compared with male
patients.

Our analyses indicated that V5Gy, V10Gy, V20Gy,
V30Gy, V40Gy, V50Gy, V60Gy, and mean thyroid dose were
significantly associated with hypothyroidism after definitive
radiotherapy in patients with early glottic carcinoma. Several
studies elucidated the association between thyroid dose and
hypothyroidism in patients with head and neck cancers who
were treated with radiotherapy. Sachdev et al (23) reported
that V50Gy =60% was associated with 6.76 times increased
risk of clinical hypothyroidism compared with V50Gy <60%.
In a prospective analysis of 135 patients by Zhai et al (21), the
univariate analysis indicated that the thyroid mean dose, the
minimum dose V30Gy, V35Gy, V40Gy, V45Gy, and V50Gy
of the thyroid gland were associated with hypothyroidism
and that Dmean, V45Gy, and V50Gy were independent
predictors of hypothyroidism after radiotherapy. Altogether,
these studies implicate thyroid receiving dose as a risk factor
for hypothyroidism in patients with head and neck cancers
requiring whole-neck irradiation. In the present study, low
dose areas for thyroid, such as V5 Gy, were factors in hypo-
thyroidism. These thyroid doses are lower than the doses in
the previous studies. We consider that this is because the
large irradiation field such as whole-neck radiotherapy in
the previous studies resulted in almost 100% of the low-dose
area for thyroid, such as V5Gy, and therefore there was no
difference in the low-dose area in each patient. In addition,
other thyroid doses that may be factors in hypothyroidism
could be found if analyzed using continuous values or values
below V5Gy. However, this would increase the volume of
data, complicate statistical evaluation, and reduce reliability.
Furthermore, V5Gy is clinically small enough in prescribed
doses of 66-70 Gy, and evaluation of doses lower than this

may not be necessary. In this study, all patients were treated
with three-dimensional radiotherapy. Although it is difficult
to reduce the thyroid dose with treatment using three-dimen-
sional radiotherapy, it may be possible to reduce the thyroid
dose with treatment using Intensity Modulated Radiation
Therapy (IMRT) technique. If the thyroid dose cannot be
reduced, it is important to explain to the patient the risk of
developing hypothyroidism.

In the present study, there were fewer female than male. All
studies should be conducted according to the Sex and Gender
Equity in Research (SAGER) guidelines (25). However, the
incidence of laryngeal carcinoma is 5 times higher in male
than in female (26), and is overwhelmingly more common in
male, which inevitably results in fewer female. In addition, it
is impossible to adjust for the sex ratio due to the nature of
the retrospective study. Importantly, this is the first study to
identify that thyroid receiving dose was associated with hypo-
thyroidism even in patients with early glottic carcinoma after
definitive radiotherapy, which is delivered using small portals
covering only the primary tumor.

A limitation of the present study is the potential selection
bias regarding predictive factors, which cannot be ruled out
because of the retrospective study design. In addition, due to
the nature of the retrospective study, it is possible that some
patients may not have regular follow-up. Future prospective
studies are warranted to confirm the main study findings.

In conclusion, sex, pretreatment thyroid volume, V5Gy,
V10Gy, V20Gy, V30Gy, V40Gy, V50Gy, V60Gy, and mean
thyroid dose were significantly associated with hypothyroidism
after definitive radiotherapy in patients with early glottic
carcinoma. These findings indicate that caution should be
exercised regarding hypothyroidism, which can develop even
in patients with early glottic carcinoma who receive definitive
radiotherapy through small portals covering only the primary
tumor. Particularly, the receiving dose to the thyroid gland
should be reduced in female patients and in those with small
thyroid volumes who are at higher risk of hypothyroidism.
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