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Abstract

radiotherapy(IMRT).

tion was performed.

Objective The aim of the study is to identify clinical and dosimetric factors that could predict the risk of radi-
ation-induced hypothyroidism(RIHT) in head and neck cancer(HNC) patients following intensity-modulated

Methods A total of 103 HNC patients were included in our study. General clinical characteristic and dosimetric data
of all recruited patients were analyzed, respectively. The univariate and multivariate logistic regression anlalysis were
successively conducted to identify optimal predictors, which aim to construct the nomogram. And the joint predic-

Results The incidence of patients with HNC was 36.9% (38/103). Among the clinical factors, gender, N stage, chemo-
therapy, frequency of chemotherapy and surgery involving the thyroid were related to RIHT. Logistic regression analy-
sis showed that thyroid volume, Dmean, VS5, VS, VSy, and Vg 4o were independent predictors of RIHT, which were
also incorporated in the nomogram. An AUC of 0.937 (95%Cl, 0.888-0.958) also was showed outstanding resolving
ability of the nomogram. When the volume of the thyroid was greater than 10.6 cm?, the incidence of RIHT was 14.8%,
and when the volume of the thyroid was equal to or smaller than 10.6 cm?, the incidence was 72.5%. The incidence
rates of RIHT in the group with VS.,<8.4cm? and VS, > 8.4cm? were 61.4% and 19.3%, respectively.

Conclusions Thyroid volume and thyroid VS, are independent predictors of RIHT in patients with HNC. Moreover,
more attention should be paid to patients with thyroid volume < 10.6cm?. Thyroid VS, > 8.4cm? may be a useful
threshold for predicting the development of RIHT. The nomogram conducted by the research may become a poten-
tial and valuable tool that could individually predict the risk of RIHT for HNC patients.

Keywords Head and neck cancer, Radiotherapy, Injury of thyroid, Radiation-induced hypothyroidism

Introduction

Head and neck cancers account for 6% of all global malig-
nant tumors [1], and radiotherapy is a major treatment
for HNC [2]. Patients with HNC are often diagnosed at
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an advanced stage; thus, most of the neck is included in
the radiation field during radiation therapy. Because the
thyroid is located in the middle of the neck, it will inev-
itably be exposed to radiation, which can lead to insuf-
ficiency and biochemical changes. Radiation-induced
thyroid injury is a common side effect after radiotherapy
in the neck region, including hypothyroidism, hyper-
thyroidism, benign thyroid nodules, and thyroid cancer.
Among them, RIHT is the most common [3]. Hypothy-
roidism increases the risk of atherosclerosis [4], thereby
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increasing the incidence and mortality of cardiovascu-
lar and cerebrovascular diseases and ultimately greatly
reducing the quality of life of patients [5-7]. According
to relevant literature reports, the incidence of hypothy-
roidism 2 years after radiotherapy is 40% to 50%, of which
subclinical hypothyroidism accounts for 70% and clinical
hypothyroidism accounts for 30% [8]. The 2010 quanti-
tative analysis report of clinical normal tissue effects did
not mention the limiting dose of the thyroid gland [9];
thus, many studies are currently devoted to exploring
the risk factors for hypothyroidism after radiotherapy for
HNC and establishing normal tissue complication prob-
ability to ensure a limited dose of the thyroid. However,
relevant studies have not yet reached consensus.

Materials and methods

Patient evaluation

Overall, 103 patients with HNC were recruited, includ-
ing nasal cavity and sinus cancer, nasopharyngeal cancer,
oral cancer, oropharyngeal cancer, hypopharyngeal can-
cer, laryngeal cancer, salivary gland cancer and cervical
esophagus cancer. According to the patient’s past medical
history and the determination of thyroid function before
radiotherapy, patients with hypothalamic disease, pitui-
tary disease, abnormal thyroid function, severe heart dis-
ease, severe liver and kidney dysfunction, and a history of
radiotherapy or chemotherapy were excluded.

Radiation treatment

Patients were immobilized with a thermoplastic head-
and-neck mask that included the shoulders to ensure
reproducibility of radiotherapy. Computed tomographic
simulation was performed in all patients, and the patients
were planned using the Eclipse treatment-planning sys-
tem with 6-MV photons. All patients received image-
guided IMRT(Intensity modulation radiated therapy).
Position verification was performed at least once a week
by EPID (Electronic Portal Imaging Device), and the veri-
fication error was less than 3 mm.

The thyroid gland was contoured manually on CT
(Computed Tomography) images, and the absolute vol-
ume of the thyroid; mean dose; maximum dose; mini-
mum dose of the thyroid; and the percent of thyroid
volume receiving more than 30, 35, 40, 45, 50, 55, and
60 Gy (V30, V35, Vaor Vas, Visor Vss and V) were then col-
lected from dose-volume histograms (DVHs). According
to V,, we counted the absolute volume of thyroid sparing
at 30, 35, 40, 45, 50, 55, and 60 Gy (VSsy VSas, VS,0, VS,ss
VS50, VSss, and VSg) and obtained the percentage of thy-
roid volume receiving a-b Gy (V, ).
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Chemotherapy treatment

Concurrent chemotherapy patients received nab-pacli-
taxel and/or cisplatin/ lobaplatin chemotherapy. The
regimen is nab-paclitaxel + cisplatin, single-agent cispl-
atin, and single-agent lobaplatin.

Follow-up

Before and after radiotherapy, all patients underwent
thyroid function tests, including serum thyroid-stimu-
lating hormone (TSH), free triiodothyronine (FT3), and
free thyroxine (FT4). Hypothyroidism includes clini-
cal hypothyroidism and subclinical hypothyroidism.
Clinical hypothyroidism was defined as TSH above the
normal range (0.380—4.340) and an FT4 concentration
below the normal range (0.81-1.89). Subclinical hypo-
thyroidism was defined as TSH above the normal range
and FT4 concentrations within the normal range. The
time to onset of hypothyroidism was defined as the
interval between the end of radiotherapy and the first
recorded abnormal TSH laboratory value.

Statistical methods

Statistical description of measurement data used the
means + standard deviation. SPSS software was used to
perform t tests or Wilcoxon rank-sum tests for meas-
urement data and chi-square tests or Fisher’s exact tests
for count data. Only characteristics significantly differ-
ent in univariate analysis were included in the logis-
tic regression model for constructing the nomogram.
Receiver operating characteristic (ROC) curves were
used to determine the limiting value of risk factors for
the development of RIHT. MedCalc software was used
to assess the cumulative incidence of hypothyroidism
and compare survival curves. P<0.05 was considered
to be statistically significant.

Results

Characteristics

Among the 103 patients enrolled, 38 developed hypo-
thyroidism, of whom subclinical hypothyroidism
occurred in 18 patients and clinical hypothyroidism
in 20 patients. The average age was 58 years, and the
median follow-up time was 10 months. The short-
est follow-up time was 3 months, and the longest was
30 months. There were 38 cases in the hypothyroid
group and 63 cases in the euthyroid group. The inci-
dence of hypothyroidism was 36.9% (38/103), of which
subclinical hypothyroidism accounted for 47.4% (18/38)
and clinical hypothyroidism for 52.6% (20/38). The
results of this study show that the earliest occurrence
of RIHT in HNC was 3 months after radiotherapy, the
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latest was 27 months after radiotherapy, and the aver-
age occurrence time was 7.3 months after radiotherapy.
Of 103 patients with HNC, 21 were female, and 80
were male. The incidence of RIHT in female patients was
61.9% (13/21), and the incidence in male patients was
31.2% (25/80). The risk of hypothyroidism in women was
significantly higher than that in men, and there were sig-
nificant difference between gender and RIHT (P=0.01).
Gender, N stage, chemotherapy, frequency of chemo-
therapy, and operation involving the thyroid gland were
significantly associated with the occurrence of RIHT
in patients with head and neck tumors (Table 1). Three
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factors, including N stage, chemotherapy, and surgery
involving the thyroid, all affected the size of the radiation
field of the patients.

Dose-volume parameters

The mean thyroid volume in the hypothyroid group was
9.53+4.26 Gy, and the mean volume in the euthyroid
group was 17+9.0 Gy. Numerous dosimetric parameters
were significantly different between the euthyroid and
hypothyroid groups, such as thyroid volume, Dmean,
Dmin, thyroid Vg, VSs0, VSss, VS0 VSus VSso VSss,

Table 1 Statistical analysis of the general clinical characteristics of 101 patients who received head and neck tumor radiotherapy

Variable Euthyroid (n=63) Hypothyroid (n=38) P
Age (years) 586+£125 58.6+143 0.883
Gender 0.01
Male 55 25
Female 8 13
T stage 0.938
T1-T2 24 24
13-T4 39 22
N stage 0.05
NO-N1 44 18
N2-N3 19 18
Overall stage 0457
-l 16 7
-1V 47 30
Chemotherapy 0.007
no 32 9
yes 31 29
Frequency of chemotherapy 1.7+2.1 25421 0.021
Tumor site 0.058
Nasal cavity and sinus 10 4
Nasopharynx 2 8
Oral cavity 13 7
Oropharynx 4 2
Larynx 21 9
Hypopharynx 7 5
Salivary gland 6 1
cervical esophagus cancer 2
Targeted therapy 0.591
no 45 29
yes 18 9
Surgery 0.189
no 20 17
yes 43 21
Surgery involving thyroid 0.027
no 62 33
yes 1 5
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Table 2 Analysis of RIHT-related radioactive parameters in 101
patients with head and neck tumors
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Table 3 Logistic regression analysis of factors influencing
hypothyroidism in patients with head and neck tumors

Variable B SE P OR(95%Cl)

Variable Euthyroid (n=63) Hypothyroid (n=38) P

Thyroid volume ~ 17£9.0 9.53+£4.26 0.000
Dmean 41.7+193 532+79 0.013
Dmin 23.8+19.0 369+122 0.001
Dmax 59.7+16.8 65.1£4.0 0.330
V3o 69.9+37.2 943+1638 0.170
Vs 680+37.7 9344174 0.446
Voo 65.1+37.8 912+17.8 0.084
Vs 60.1£36.9 85.0+£209 0.365
Vs 53.3+360 740+23.2 0.027
Vss 41.0+346 52.7+30.7 0219
Vo 248+280 2904275 0458
VSs, 50+738 06+17 0.000
VSss 53+82 07+18 0.000
VS, 58+86 09+19 0.001
VS5 6.7+89 15+2.1 0.000
VS 71+74 27+25 0.001
VSss 88+73 49+40 0002
VS, 12485 7.1+44 0.000
Vag3s 19432 09+17 0225
Vas0 29+42 23434 0736
Vious 50455 6.2+106 0460
Vis 50 68+66 111493 0279
V0,55 124+132 213+195 0.099
Vss g0 16.1+139 2374193 0551
Vg0 48+65 32445 0955
Vasus 79488 85+129 0535
Vag50 1184113 1724171 0.085
Vis ss 19.2+179 323+270 0.062
Vaos0 2854219 4504250 0403
V3045 98+10.6 93+135 0.994
Vs 50 148+144 195+19.1 0213
Vioss 2424215 385+30.1 0.105
Vas 60 3534258 56.0+29.4 0.226
Vags0 166+159 2044195 0.119
V3555 27.1+238 40.8+31.2 0.158
Va0 4034292 62.2+30.7 0.107
Vagss 2904249 416+314 0.195
Vas g0 4334306 64.5+314 0.043
V3060 4514309 653+313 0.026

Abbreviations: Dmean Mean dose, Dmin Minimum dose, Dmax Maximum dose,
V30 V35 Vg Vas Vs Vs Vo the percent of thyroid volume receiving more than 30,
35,40, 45, 50, 55, 60 Gy, VS5, VS35, VS0 VS5 VSse VSss VS, the absolute volumes
of thyroid spared from more than 30, 35, 40, 45, 50, 55, 60 Gy, V3435 V3540 Vag 45
Vasso Vsoss Vsseo Voo Visas Vaoso Vasss Vsoso Vioas Vssso Vioss Vaseo Vioso
Vss.ss Vagso Vaoso Vs sz Vagso Vaoss Vseo Vageo PETCENtage of thyroid volume
receiving 30-35, 35-40, 40-45, 45-50, 50-55, 55-60,30-40, 35-45, 40-50, 45-55,
50-60, 30-45, 35-50, 40-55, 45-60, 30-50, 35-55, 40-60, 30-50, 35-55, 40-60,
30-55, 40-60, 30-55, 35-60, 30-60 Gy. *Statistically significant at the level of 5%

Thyroid volume -1.312 0.377 0.000 0.269 (0.129-0.563)
chemotherapy 2.140 1.026 0.037 8.500(1.138-63.506)
VS5 -1.762 0.728 0.016 0.172 (0.041-0.715)
VSso 1.574 0.735 0.032 4.827 (1.142-20.400)
VS 0.826 0.348 0.018 2.284 (1.155-4.519)
Dmean 0.245 0.075 0.001 1.278 (1.103-1.481)
Vo0 0107 0041 0009  0.898 (0.829-0.974)

Abbreviations: VS 45 the absolute volumes of thyroid spared from more than

45 Gy, VS5, the absolute volumes of thyroid spared from more than 50 Gy, VS,
the absolute volumes of thyroid spared from more than 60 Gy, Dmean mean
dose, V3,6 percentage of thyroid volume receiving 30-60 Gy. *Statistically
significant at the level of 5%

VS0 V3560 and Vg ¢ (Table 2). Others were not found to
significantly affect the development of hypothyroidism.

The logistic regression analysis was performed to
further test the association of the factors with RIHT
(Table 3). In clinical factors, use of chemotherapy and
thyroid volume remained the most important factors in
predicting RIHT. The results of our study further con-
firmed a clear dose-dependent relationship for RIHT:
Dmean (P=0.001), VS,; (P=0.016), VS, (P=0.032),
VSg (P=0.018) and Vj,4, (P=0.009) were independ-
ent predictors of RIHT. With regard to ROC analysis
of the dosimetric parameters, the area under the curve
(AUC) was significantly different from 0.05 for the above
parameters, and the difference was greater for thyroid
volume (AUC=0.841, P<0.001) and VS, (AUC=0.724,
P=0.011) (Fig. 1). The thyroid volume and thyroid VS,
cutoffs were 10.6 cm® and 8.4cm?®, respectively. Thyroid
radiosensitivity decreased with increasing thyroid vol-
ume, and thyroid volume <10.6 cm® was an independ-
ent predictor of RIHT. When the volume of the thyroid
was greater than 10.6 cm?®, the incidence of RIHT was
14.8%, and when the volume of the thyroid was equal
to or smaller than 10.6 cm?, the incidence of RIHT was
72.5%. According to thyroid volume, the incidence of dif-
ferent subgroups was significantly different (P=0.000)
(Table 4). A threshold of 8.4cm? for VS, was identified
to classify patients into high-risk and low-risk groups
for the development of RIHT. The incidences of RIHT
in the group with VS,<8.4cm® and VSg,>8.4cm® were
61.4% and 19.3%, respectively. There were significant
differences between the two subgroups of thyroid VS,
(P=0.000) (Table 4).

Likewise, V3¢, was also significant factors in logistic
regression analysis. The Area under curve for V3,5, with a
cut-off value of 57% is shown in Fig. 1. The Kaplan—Meier
curve for V4, showed that patients with V) ,,<57%
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Fig. 1 Comparison of ROC with Dmean, thyroid volume, VS5, VSs, VS¢o and V3 4o Abbreviations: Dmean: mean dose; V30,60: percentage of thyroid
volume receiving 30-60 Gy; VS45, VS50, VS60: the absolute volumes of thyroid spared from more than 45, 50, 60 Gy

Table 4 Analysis of different subgroups of 101 patients with
head and neck tumors

Variable Euthyroid Hypothyroid P
(n=63) (n=38)

Group 0.000
Volume <10.6 cm? 11(27.5%) 29(72.5%)
Volume >10.6 cm? 52(85.2%) 9(14.8%)

Group 0.000
VSgo S8.4cm? 17(38.6%) 27(61.4%)
VSgo>8.4cm? 46(80.7%) 11(19.3%)

Abbreviations: VS, the absolute volumes of thyroid spared from more than
60 Gy. *Statistically significant at the level of 5%

had a 2-year hypothyroidism rate of 54.3% as opposed to
91.1% for those with V3, 4o>57% (Fig. 2).

Joint prediction for RIHT

Based on the above results, the joint prediction model
was based on two variables: thyroid volume and thyroid
VSeo thyroid volume and V3 4, thyroid VSy, and V¢

For each component model, thyroid volume and thyroid
VSe (P=0.000), thyroid volume and V;,4, (P=0.000),
and thyroid VSg, and Vjy4, (P=0.000) were signifi-
cantly different between patients with and without RIHT
(Table 5). The incidence of RIHT increased as the thyroid
volume and VS, decreased (P=0.000), ranging from 17%
to 86.7%. An increased trend of RIHT was observed with
decreased thyroid volume while thyroid V¢, increased
(P=0.000), and ranged from 3 to 90%. Similar trends
were also found in patients with decreased thyroid VS,
while thyroid V3¢, increased (P=0.000), ranging from 4
to 100%.

Prognostic nomogram for predicting RIHT

In order to predict the probability of RIHT individu-
ally, the nomogram was constructed on the basis of the
results of multivariate logistic regression analysis, includ-
ing the use of chemotherapy, thyroid volume, Dmean,
VSus5 VSs0, VS Vigeo- The possibility of RIHT could
be predicted accurately for each patient with HNC by
adding the score of every risk factor and further obtain-
ing the total scores on the point scale (Fig. 3). Figure 4



Page 6 of 11

Wang et al. BMC Cancer (2024) 24:5

100 -
e B —I
g 80 |-
9
<)
B B
° V30,60>57%
S 60
<
kS
° B
e V30,60<57%
8 40}
(]
£
= | 1
=2
ke 20
S -
£ — ]
8 i V30,60: percentage of thyroid

volume receiving 60Gy
0 _I_l_l ] ] ] ] ]
0 5 10 15 20 25 30

Months after radiotherapy

Fig. 2 Kaplan—-Meier survival curve of different subgroups with V3¢,

Table 5 Joint prediction for hypothyroidism

Combined factors Euthyroid Hypothyroid P

Combined thyroid volume and VS60

Volume < 10.6 cm? and VS, 4(13.3%)  26(86.7%) 0.000
<84cm’

Volume < 10.6 cm’ 7(70%)  3(30%)
and VS, >8.4cm?

Volume >10.6 cm?® and VS, 13(92.9%) 1(7.1%)
£84cm’

Volume >10.6 cm? 39(83%) 8(17%)

and VS, >8.4cm?

Combined thyroid volume and V(30,60) 0.000
Volume <106 cm? and V50 £57%  9(45%) 11(55%)

Volume < 10.6 cm?and V3060>57%  2(10%) 18(90%)
Volume > 106 cm® and Vy60 £57%  32(97%)  1(3%)
Volume > 10.6 cm?and V3060>57% 20(71.4%)  8(28.6%)

Combined VS60 and V(30,60) 0.000
VSg0S8.4cm? and V50 £57% 17(60.7%)  11(39.3%)
VSgo=8.4cm® and V0> 57% 0(0%) 16(100%)
VSgo>8.4cm? and V50 £57% 24(96%)  1(4%)

VSgo>8.4cm? and Vg > 57% 22(68.8%)  10(31.2%)

Abbreviations: VS, the absolute volumes of thyroid spared from more than
60 Gy, V34,6 percentage of thyroid volume receiving 30-60 Gy. *Statistically
significant at the level of 5%

demonstrated the calibration curve of the nomogram.
An AUC of 0.937(95%CI, 0.888—0.958) also was showed
outstanding resolving ability of the nomogram (Fig. 5).

The decision curve analysis (DCA) of the nomogram is
revealed in Fig. 6.

Additional section

We reviewed data of the antiTPO and antiTg in order to
explore the impact on the development of RIHT. There
were 13 patients with the data of the levels of antiTPO
or antiTg. Among them, 10 patients had normal level of
antiTPO and antiTg, and the level of antiTPO and antiTg
for other 3 patients is apparently elevated. The incidence
of RIHT for patients with abnormal level of antiTPO or
antiTg is 66.7%(2/3) and that for those with normal level of
relevant antibodies is 40%(4/10). In spite of the small data
volume, we could infer that the level of antiTPO or antiTg
may be an indispensable factor associated with RIHT.

Discussion

RIHT is one of the most common complications
observed in patients with HNC that underwent radio-
therapy. The median follow-up time for this study was
10 months (rang, 3-30 months), and the incidence
of RIHT was 36.9%. Similar phenomenon was found
in Sommat et al’s study [10]. Interestingly, 6 patients
occurred hyperthyroidism, in which 3 patients gradually
convert to be euthyroid, 1 patient eventually reversed to
be hypothyroid. We thought the change from hyperthy-
roidism to hypothyroidism may be attributed to tran-
sient release of thyroid hormone caused by serve injury
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of thyroid parenchymal cells. The other change from
hyperthyroidism to euthyroid could be interpreted by
increased permeability of cellular membrane that were
not changed [11]. These are good explanations for the
transient changes of thyroid function observed in our
series patients.

Clinical factors associated with hypothyroidism occurrence
The significantly related clinical factors for RIHT
confirmed in our study were female gender, use of

chemotherapy, frequency of chemotherapy, N stage, sur-
gery involving thyroid and smaller thyroid volume. In our
study, female patients were more prone to RIHT com-
pared with male (61.9% vs. 31.2%; P=0.01). Although
the smaller volume of the female thyroid glands may be
able to explain the sex difference, gender has no signifi-
cant impact on thyroid volume(14.7 +8.6 and 12.1+7.0,
respectively; P=0.059) in our research. Fan et al. [12]
and Jain et al. [13] reported consistent conclusion. There-
fore, female patients with HNC may benefit from extra
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measures to protect their thyroid gland from radiation
exposure.

Age’s impact on RIHT is not clear. Lee et al. analyzed
149 patients with NPC and showed that age has no sig-
nificant effect upon RIHT [14]. Several researches also
believed that age’s effect upon RIHT is not significant,
which was consistent to our study [15, 16]. However,
in Diaz et al’s research, the risk for increasing age were
0.93 [17]. Also, other study indicated contrary results
that increasing age was subject to the higher incidence
of RIHT, particularly for patients who were over 60 years
old [18]. The different age distribution of the study popu-
lation may cause the above discrepancy.

It’s of great concern whether chemotherapy has an
effect on the incidence of RIHT. Luo et al. found that
24.5% of the 155 patients who received chemotherapy
developed RIHT; only 1 of the 19 patients without chem-
otherapy developed RIHT (5.26%) [19]. In the Multivari-
ate analysis, chemotherapy was indeed an independent
risk factor for RIHT in patients with NPC, which is con-
sistent with the results of our study (P=0.007). And we
found that frequency of chemotherapy raised the risk of
developing RIHT (P=0.021; 48.3% vs. 22%).

Whether patients with HNC undergo surgery before
radiotherapy has a certain influence on the occurrence
of RIHT. Vogelius et al. indicated that the risk of RIHT
increases regardless of whether the surgery involves the
thyroid, yet the incidence of RIHT was higher after sur-
gery involving the thyroid, which was inconsistent with
our study’s results [20]. Alba et al. also found that laryn-
geal surgery affects the occurrence of RIHT in a signifi-
cant way [21]. Most of researchers believe that surgery
treatment may decrease the blood supply of the thyroid.
In our study, the effect of surgery on RIHT is not signifi-
cant, but surgery involving thyroid significantly affect the
development of RIHT (P=0.027; 34.7% vs. 83.3%), which
accurately show that the impact of surgery on RIHT is
attributed to the direct destruction of thyroid by the
surgery.

N stage is usually a vital risk factor for RIHT in most
studies. Zhou et al. found that patients with advanced
N-staging (N2-N3) nasopharyngeal carcinoma had a
0.91-fold increased risk of RIHT compared with patients
with early N-staging (NO-N1) (37.38% vs. 13.11%) [22].
Similar conclusion was found in our study: advanced
N-staging (N2-N3) significantly increased incidence of
RIHT (P=0.050; 29% vs. 48.6%). Because the distance
between metastatic lymph nodes and the thyroid may be
more closer for patients with advanced N-stage [23]. We
should think highly of the change of thyroid function for
patients with advanced N stage after radiotherapy.

Many studies have found a clear association between thy-
roid volume and RIHT: the incidence of RIHT increases
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with the decrease in thyroid volume. Diaz et al. reported
that the incidence of RIHT decreased by 0.93 times for
every 1 cmPincrease in thyroid volume (95% CI, 0.88—0.98)
[17]. In a retrospective research of 206 patients with naso-
pharyngeal carcinoma undergoing radiotherapy, thyroid
volume<12.82 ¢cm® was an independent risk factor for
RIHT: when the thyroid volume was less than or equal to
12.82 cm?, the incidence of hypothyroidism was 75%, and
when the volume was greater than 12.82 cm?, the incidence
of hypothyroidism was 37.31% [22]. Similarly, we found
that thyroid volume<10.6cm® was an independent risk
factor of development of RIHT(P=0.000; 72.5% vs. 14.8%).
However, this study also found no significant correlation
between thyroid volume and RIHT when patients with thy-
roid volume < 10.6 cm? were excluded (P=0.304) (Table 6).
Thus thyroid volume may be a confounding factor in the
risk factors for RIHT. Chyan et al. suggested that thyroid
volume may have an impact on dose limitation [24]. For
patients with thyroid volume larger than 8cm?, setting the
thyroid dose to VS,; 23cm® could decline the incidence
of RIHT. If the volume of thyroid is less than 8cm?, more
rigorous restriction are required, including Dmean <49 Gy,
Ve, <45%, VS5 23cm?® and VS, 23cm?.

Dosimertric factors associated with hypothyroidism
occurrence

This study found that Dmean, VS5, VSs, VSg, and V¢,
were independent predictors. Many study stated a dose-
dependent risk of RIHT. Many investigators believed that
the mean dose of thyroid (Dmean) may be the most poten-
tial dosimetric factor. Zhai et al. showed that Dmean has
an impact on the occurrence of RIHT for patients with
nasopharyngeal carcinoma. Grouping according Dmean,
they found that patients with Dmean>45 Gy are almost
five times more likely to experience RIHT than those with
Dmean <45 Gy [25]. Our results were similar to the above
study. We showed that Dmean>47.3 Gy was an independ-
ent predictor of RIHT ( 96.3% vs 23.1%). What’s more, the
threshold of Dmean for the thyroid was aimed to be lower
than 50 Gy in the latest international guideline [26].

Some scholars insisted that the thyroid volume which
were not disturbed by radiation is accountable for the
generation of thyroid hormone and stands for thyroid
hormone reserve[14]. We believe that VS, is better than
Vx in predicting development of RIHT. Our study sug-
gested at least 8.4cm? of thyroid should be spared form

Table 6 Analysis between thyroid volume and hypothyroidism

Variable Euthyroid Hypothyroid P

Volume >10.6 cm? 52 9 0304

Abbreviations: *Statistically significant at the level of 5%
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doses exceeding 60 Gy, at least 2.1cm® be spared form
doses exceeding 45 Gy and at least 4.9cm? be spared from
doses exceeding 50 Gy to decrease the occurrence of RIHT
among HNC patients. After comparing AUC value, it was
found that VS, was more important in predicting RIHT,
which was coordinated with results of Lee et al’study [14].
They suggested patients with thyroid VSg,>10cm® had
more latency and lower incidence of hypothyroidism. The
other study also recommended that VS60>10cm3could
become a viable dose limitation [27]. Chow et al. identi-
fied 29 relevant studies involving 4,530 patients with HNC
and also showed that VS60>10cm®could be beneficial to
decrease the incidence of RIHT [28].

Although the parameter V, can portray the dose distri-
bution of thyroid well, repeated information exists among
different V.. Peng et al. believed that a new parameter V,
could be capable to decrease collinearity among dosim-
etry parameters in some degree. They analyzed 545 with
NPC and suggested that Vy,¢, £80% might be a practi-
cal dose constraint to conduct during IMRT planning for
patients with thyroid volume £20cm?® [29]. Yet Our study
also showed that V3, was a reliable predictor of hypo-
thyroidism after radiotherapy, we recommended that the
threshold of V3¢, of 57% could cut down the occurrence
of RIHT. As is shown in Fig. 2, those with Vg, ¢y £57%
had markedly lower incidence of RIHT than those with
V060> 57%. All these researches offered us various dose
limit targets. However, researches on the optimal dose
threshold of the thyroid has not reached consensus.

We established the nomogram in order to predict
the probability of RIHT individually. What’s more, the
combined use of chemotherapy, the thyroid volume,
Dmean, VS, VS, VS¢ and Viy¢iin the nomogram
demonstrated prominent predictive ability and cali-
bration. Compared with other nomograms, the nomo-
gram showed better predictive ability, and its AUC of
0.937(95%Cl, 0.888-0.958) was apparently larger [30, 31].

However, our research has some limitations. First, the
follow-up time is short, only 10 months. Second, with a
small amount of data about the antiTPO and antiTg, we
found that patients with abnormal level of antiTPO and
antiTg were more susceptible to RIHT. Thus we inferred
that the level of antiTPO or antiTg may be significant
to the development of RIHT and should be included in
the nomogram. As is known to all, hashimoto disease
is subclinical and underdiagnosed but highly preva-
lent. One of the reasons of RIHT is that radiation may
induce the autoimmune reaction of the thyroid. How-
ever, the presence of inflammation of the thyroid may
trigger more RIHT on the basis of the thyroid undergo-
ing radaition. A research with a great quantities of the
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data of relevant thyroid antibodies should be conducted
to probe into the correlation. In addition, internal and
external data validation are needed to further identify
the viability of the nomogram.

Conclusions

Thyroid volume and thyroid VS, are optimal predic-
tors of RIHT in patients with HNC. Moreover, more
attention should be paid to patients with thyroid vol-
ume < 10.6cm®. Thyroid VS, >8.4cm?® may be a useful
threshold for predicting the development of RIHT. The
nomogram conducted by the research may become a
potential and valuable tool to individually predict the
risk of RIHT for HNC patients.

Abbreviations

RIHT Radiation-Induced Hypothyroidism
IMRT Intensity-Modulated Radiotherapy
HNC Head and Neck Cancer

Dmean  the mean dose of thyroid

NPC Nasopharyngeal carcinoma
DVHs Dose-volume histograms

TSH Thyroid-stimulating hormone
FT3 Free triiodothyronine

FT4 Free thyroxine

ROC Receiver operating characteristic
EPID Electronic Portal Imaging Device
cT Computed tomography
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