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ABSTRACT  

Background: Head and neck cancers (HNCs) often require radiotherapy (RT), 

which inadvertently exposes the thyroid gland to radiation, increasing the risk 

of radiation-induced hypothyroidism (RIH). This study aimed to evaluate the 

incidence of RIH and identify associated risk factors. Materials and Methods: 

Fifty patients with histopathologically confirmed HNC undergoing external 

beam RT to the neck were prospectively studied from August 2023 to May 

2024. Baseline thyroid function tests (TFTs) were conducted prior to RT and 

repeated at the end of treatment, and at 3 and 6 months post-RT. Statistical 

analyses assessed the association of hypothyroidism with clinical and treatment 

variables. Result: At 6 months post-RT, 18% of patients developed 

hypothyroidism, with significant reductions in FT3 and FT4 levels and a rise in 

TSH levels (p < 0.05). Although no statistically significant associations were 

found with surgery, chemotherapy, or RT dose, smoking showed a significant 

correlation with hypothyroidism (p = 0.0138). Conclusion: RIH is a common 

yet underdiagnosed consequence of RT in HNC patients. Regular TFTs during 

follow-up are essential for early detection and management to prevent long-term 

morbidity. 

 
 

 

INTRODUCTION 
 

Head and neck cancers (HNC) are a complex 

category of tumors belonging to the upper 

aerodigestive tract, affecting the oral cavity, 

oropharynx, larynx, upper esophagus, sinuses, 

salivary glands, and lips, developed mainly due to 

tobacco and alcohol consumption or HPV 

infection.[1] As per GLOBOCAN 2022 HNC is the 

most common site of cancer in terms of incidence as 

well as mortality in India.[2] 

The treatment of head and neck cancers include 

surgery, Radiotherapy (RT), chemotherapy, and a 

combination of these. RT is the only curative 

treatment, besides surgery, in the management of 

patients with head and neck cancer. Majority of head 

and neck tumors are locoregionally advanced at the 

time of diagnosis. Hence, RT portals, apart from 

including the primary site of the tumor, will 

invariably cover the whole neck, thereby including 

the thyroid gland in the radiation field leading to its 

dysfunction.[3] 

Thyroid dysfunction, which can be diagnosed by 

thyroid function tests, is more frequent but is often 

missed because routine testing of thyroid hormones 

is not done during follow‑up. Therefore RT‑induced 

hypothyroidism (RIH) has remained under estimated 

and under reported, resulting in failure to detect and 

treat a reversible cause of morbidity for a significant 

proportion of surviving patients. Hence, the purpose 

of this study is to identify the magnitude of 

hypothyroidism following RT to the neck, its risk 

factors in developing and treating patients with 

subclinical thyroid dysfunction, and to stress upon 

the necessity of including thyroid function tests as 

part of follow‑up. 
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MATERIALS AND METHODS 

 

The study was conducted in patients with 

histopathological proven head and neck cancer 

receiving external beam RT to the whole neck on 

Telecobalt between August 2023 and May 2024. 

The patients included were of age between 18 to 70, 

both the sexes, having Karnofsky Performance Score 

(KPS) more than or equal to 70, with normal thyroid 

function receiving External Beam Radiotherapy to 

the neck with thyroid gland in the field of RT and 

those excluded were patients with history of previous 

thyroid surgery, pre‑existing thyroid disease, 

recurrent disease, prior RT to neck or any comorbid 

conditions requiring long term medications. A total 

of 50 patients who have completed their treatment 

protocol were included in the study after informed 

consent from them.  

Patients receiving conventional radiotherapy with or 

without chemotherapy either with or without surgery 

or induction chemotherapy. All patients were treated 

with 2-dimensional (2D) radiotherapy technique with 

iso-centric fields on by Theratron 780C Cobalt-60 

Teletherapy machine. Conventional fractionation of 

2 Gy/Fr/day for 5 days a week. Total dose 54-70 Gy 

(as indicated) with or without concurrent 

chemotherapy (weekly or 3 weekly cisplatin) with 

spinal cord sparing after 44 Gy. The treatment portals 

included the primary tumor with margin and the 

whole neck. The treatment intent was either radical 

or postoperative adjuvant.  

Along with workup of treatment for Radiotherapy a 

baseline thyroid function tests TSH (Thyroid-

Stimulating Hormone), FT3 (Free T3) and FT4 (Free 

T4)) was done before starting Radiotherapy. 

Similarly thyroid function test was done at 

completion of RT as well as on follow-up up on 3 and 

6 months. The normal values used for the study were 

TSH 0.34 to 5.60 microIU/ml , FT3 2.5 to 3.9 pg/ml 

and FT4 0.61 to 1.12 ng/dl. 

All values are expressed as means and standard 

deviations (SD). Z‑test for binomial single proportion 

has been used to find the significance of occurrence 

of hypothyroidism according to age, sex, 

chemotherapy, primary sub- site, surgical treatment, 

smoking, and radiotherapy. P values <0.05 were 

considered to indicate statistical significance. 

 

RESULTS 
 

Patient characteristics 

In this prospective, nonrandomized clinical study of 

50 patients, 45 (90 %) were males and 5 (10 %) were 

females and the median age was 55 years with the age 

ranges from 32 to 70 years. Primary subsite in 

majority of the patients was carcinoma Oropharynx 

(44%) followed by oral cavity (40%). 68% were 

smokers and majority of them were in stage IV (68%) 

as per AJCC staging manual.  

Treatment characteristics 

22% patients received radiotherapy as adjuvant 

treatment i.e. had surgery before receiving 

Radiotherapy whereas 78% were treated with 

radiotherapy with radical intent. 16% of the patients 

received induction chemotherapy and along with 

concurrent chemoradiation with 3 weekly cisplatin, 

24% received weekly cisplatin during RT and 24% 

received 3 weekly cisplatin during RT and only 10% 

didn’t received any chemotherapy.

 

Table 1: Characteristics of the patients and treatments 
Patient Characteristics N(%) Median (Range) 

Sex   

Male 45 (90%)  

Female 5 (10%)  

   

Age   

Median  55 (70-32) 

   

Smoking   

Yes 16 (32%)  

No 34 (68 %)  

   

Diagnosis   

Oral Cavity 20 (40%)  

Oropharynx 22 (44%)  

Hypopharynx 2 (4%)  

Larynx 6 (12%)  

   

Stage (TNM)   

II 5 (10%)  

III 11 (22%)  

IV 34 (68%)  

   

Radiotherapy   

Adjuvant 11 (22 %)  

Definitive (Radical) 39 (78%)  

   

Chemotherapy   

Induction (TPF) Chemotherapy with concurrent 3weekly cisplatin 8 (16%)  
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Concurrent - 3 weekly Cisplatin 12 (24%)  

Concurrent - Weekly Cisplatin 24 (48%)  

Only Radiotherapy 5 (10%)  

 

Table 2: Mean (± SD) of Thyroid Function Tests at different intervals 

 Before RT End of RT 
After 3 months of 

completing RT 

After 6 months 

of completing 

RT 

p value (before RT and at 6 

months) The Wilcoxon Signed-

Ranks Test 

FT3 3.1±0.408 3.03±0.363 2.87±0.282 2.86±0.408 

The value of z is-4.4067. The p-

value is < .00001. The result is 

significant at p < .05. 

FT4 0.83±0.1 0.82±0.1 0.82±0.1 0.78±0.2 
The value of z is-4.4067. The p-
value is < .00001. The result is 

significant at p < .05. 

TSH 3.43±1.3 3.8±1.2 4.29±1.6 6.26±4.63 
The value of z is-5.8451. The p-
value is < .00001. The result is 

significant at p < .05. 

 

Table 3: Occurrence of Hypothyroidism according to Primary site 

Chemotherapy No. of Patients 
No of patients with 

hypothyroidism (%) 
p value 

Oral Cavity 20 5 (25%) 
The chi-square statistic is 6.5954. The p-

value is .085976. The result is not significant 

at p < .05. 

Oropharynx 23 1 (4.3%) 

Hypopharynx 2 1 (50%) 

Larynx 5 2 (40%) 

 

Table 4: Occurrence of Hypothyroidism according to Surgery 

Surgery No. of Patients 
No of patients with 

hypothyroidism () 
p value 

Yes 11 4 (36.4%) The chi-square statistic is 3.222. The p-value 
is .072654. The result is not significant at p < 

.05. 
No 39 5 (12.8%) 

 

Table 5: Occurrence of Hypothyroidism according to Chemotherapy 

Chemotherapy 
No. of 

Patients 

No of patients with hypothyroidism 

(%) 
p value 

ICT with Concurrent 
Cisplatin 3 weekly 

8 2 (25%) 

The chi-square statistic is 0.3131. The p-

value is .957555. The result is not significant 

at p < .05. 

Concurrent Cisplatin 

weekly 
24 4 (16.67%) 

Concurrent Cisplatin 3 
weekly 

12 2 (16.67%) 

No Chemotherapy 5 1 (20%) 

 

Table 6: Occurrence of Hypothyroidism according to Radiotherapy 

Chemotherapy No. of Patients 
No of patients with 

hypothyroidism () 
p value 

≤60Gy 11 4 (36.4%) The chi-square statistic is 3.222. The p-

value is .072654. The result 
is not significant at p < .05. 

>60Gy -70GY 39 5 (12.8%) 

 

Table 7: Occurrence of Hypothyroidism according to Smoking 

Surgery No. of Patients 
No of patients with 

hypothyroidism () 
p value 

Yes 16 6 (37.5%) The chi-square statistic is 6.0617. The p-
value is .013815. The result is significant 

at p < .05. 
No 34 3 (8.82%) 

 

Radiation‑induced hypothyroidism (RIH) 

At the end of 6 months after completion of 

radiotherapy, 9 out of 50 i.e. 18% patients had 

hypothyroidism. Table 2 illustrates the mean values 

and standard deviations of FT3, FT4, and TSH at 

various intervals: before radiotherapy (RT), at the 

end of RT, and at 3-month and 6-month follow-ups. 

A significant reduction in FT3 and FT4 levels and an 

elevation in TSH levels were observed over time. The 

decline in FT3 from 3.1 ± 0.408 to 2.86 ± 0.408 pg/ml 

and in FT4 from 0.83 ± 0.1 to 0.78 ± 0.2 ng/dl was 

statistically significant (p < 0.05). Similarly, the 

increase in TSH levels from 3.43 ± 1.3 to 6.26 ± 4.63 

µIU/ml was significant (p < 0.05). 

The distribution of hypothyroidism based on primary 

tumor site, chemotherapy, surgery, radiotherapy 

dose, and smoking status is detailed in Tables 3 to 7. 

Primary Tumor Site: The incidence of 

hypothyroidism was highest among hypopharyngeal 

cancer patients (1 out of 2, 50%) and laryngeal cancer 
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patients (2 out of 5, 40%). However, this association 

was not statistically significant (p = 0.0859)(table 3). 

Surgical History: Patients who underwent surgery 

prior to radiotherapy demonstrated a higher incidence 

of hypothyroidism (4 out of 11, 36.4%) compared to 

those treated without surgery (5 out of 39, 12.8%). 

However, this association did not reach statistical 

significance (p = 0.0727) (table 4). 

Chemotherapy Impact: The type of chemotherapy 

(induction chemotherapy, weekly or 3-weekly 

cisplatin, or no chemotherapy) showed no significant 

effect on the development of hypothyroidism (p = 

0.9576) (table 5). 

Radiotherapy Dose: Patients receiving a ≤60 Gy 

exhibited a slightly higher incidence of 

hypothyroidism (4 out of 11, 36.4%). compared to 

those receiving more than 60 Gy (5 out of 39, 12.8%). 

This difference was not statistically significant (p = 

0.0727) (table 6). 

Smoking Status: A significant association was 

observed between smoking and hypothyroidism (p = 

0.0138). Six out of 16 smokers (37.5%) developed 

hypothyroidism compared to 3 out of 34 non-smokers 

(8.8%) (table 7). 

 

DISCUSSION 
 

Radiation-induced hypothyroidism (RIH) is a well-

recognized complication in head and neck cancer 

patients undergoing radiotherapy. In this study, the 

incidence of hypothyroidism at 6 months post-

radiotherapy was 18%, which aligns with previously 

reported rates ranging from 10% to 40%.[4-7] 

The significant reduction in FT3 and FT4 levels and 

the marked elevation in TSH levels indicate impaired 

thyroid function. TSH elevation is an early marker of 

hypothyroidism and suggests subclinical or overt 

hypothyroidism, often resulting from radiation 

damage to the thyroid gland.[4] The thyroid gland's 

susceptibility to radiation stems from its anatomical 

location within the cervical region, often placing it 

within the RT field. Radiation can damage thyroid 

follicular cells, leading to decreased hormone 

production. Additionally, RT may induce vascular 

damage and fibrosis, further impairing thyroid 

function.[8] 

Patients undergoing surgery followed by adjuvant 

radiotherapy showed a higher incidence of 

hypothyroidism. The disruption of vascular supply to 

the thyroid gland during surgery may make it more 

susceptible to radiation damage.[9] Tell et al reported 

that addition of surgery to RT increased the overall 

risk of HT, similar findings were seen with Koc and 

Capoglu also.[5,10]  

The use of chemotherapy in head and neck cancers 

varies from center to center. Turner et al had a very 

high number of patients receiving chemotherapy 

(77%).[4] Mercado et al had 50% of the patient’s 

receiving chemotherapy.[11] These studies had a 

higher percentage of patients with locally advanced 

disease or were randomized to compare the effect of 

chemotherapy on tumor response as well as incidence 

of hypothyroidism. This study also have different 

chemotherapy pattern in the study group. Though no 

significant correlation was found between 

chemotherapy regimens and hypothyroidism. Most 

studies proposed that there is no correlation between 

chemotherapy and hypothyroidism.[8,12]  

Although higher radiation doses (≥60 Gy) were 

associated with a slightly increased incidence of 

hypothyroidism, this was not statistically significant. 

This is supported by Mercado et al.[11] In their study 

of 155 patients, they observed that the likelihood of 

developing hypothyroidism could not be predicted 

according RT dosage to the primary site or to the 

neck. In a study by Koc and Capoglu, univariate 

analysis of various factors failed to identify RT dose 

as a relevant risk factor for hypothyroidism.[5] Akgun 

et al found a significant association between the 

development of hypothyroidism and the V30, which 

corelates, no statistically significance was found at 

higher doses.[12] 

A significant association between smoking and 

hypothyroidism was identified in this study. Smoking 

may contribute to oxidative stress, aggravating 

radiation-induced thyroid injury, which is in-contrast 

to Kumpulainen et al, Koc and Capoglu, in which no 

relation was found between incidence of 

hypothyroidism and smoking in patients undergoing 

RT for head and neck cancer.[5,13] 

The response to radiation is governed by the inherent 

cellular radiosensitivity, the kinetics of the tissue, and 

the way in which cells are organized in that tissue.[14] 

The mechanism of radiation-induced HT remains 

unexplained. It is believed that radiation induces 

direct damage to the glandular cell, an interference of 

its mitosis, a disturbance to feeding vessels, or some 

kinds of immune reaction.[15] 

Given the high incidence of RIH, regular thyroid 

function monitoring is imperative. It is recommended 

to assess thyroid-stimulating hormone (TSH) levels 

every 6 months for the first 2 years post-RT, followed 

by annual evaluations for at least 5 years. Early 

detection allows for timely intervention with thyroid 

hormone replacement therapy, thereby mitigating 

symptoms and improving patient quality of life. 

 

CONCLUSION 
 

RIH is a significant concern in HNC patients 

undergoing RT. Understanding the multifaceted risk 

factors—encompassing patient-specific, surgical, 

chemotherapeutic, and dosimetric elements—is 

essential for developing tailored treatment plans. 

Implementing strategies to minimize thyroid 

radiation exposure and establishing rigorous post-

treatment monitoring protocols are pivotal steps in 

reducing the burden of RIH. 
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