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Abstract
The thyroid gland is a crucial component of the body’s glandular system and metabolism, which is exposed to unnecessary radiation as 
an organ at risk in radiation therapy to the head, neck, and chest. Radiation can lead to thyroid dysfunction such as hypothyroidism and 
thyroid cancer.
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Introduction
The thyroid gland is one of the largest endocrine glands 
in the front of the neck that weighs(usually 15-20 g) 
(1). Thyroid hormones regulate the body’s metabolic 
processes; these hormones control the body’s vital 
functions such as nerve reflexes, heart rate, and body 
temperature; The thyroid gland affects a wide range 
of physiological functions of all organs of the body (2). 
Thyroid dysfunction occurs in patients who are exposed 
to radiation to the head, neck, and chest (3). Radiation 
damages the thyroid gland by destroying small blood 
vessels and, to some extent, direct damage to the follicles 
(4). When the thyroid gland is exposed to radiation, 
40% to 67% of persons develop thyroid issues, the most 
common of which are hypothyroidism, as well as thyroid 
cancer (5).  The ultimate goal in radiation therapy is to 
deliver the most radiation dosage to the tumor while 
delivering the lowest radiation damage to nearby healthy 
tissues. Emami et al estimated the tolerable radiation dose 
of the thyroid to be 45 gray (Gy) (6). Radiation therapy 
for cancer treatment in both childhood and adulthood has 
the potential to cause thyroid malfunction. In addition, 
hypothyroidism can occur during treatment or decades 
later (3). The objective of this study was to assess how 
radiation’s adverse effects on thyroid function.

Materials and Methods
In this study, we review recently published article that 
examine the side effects of radiation on thyroid function. 
Articles were searched in PubMed, Google Scholar, and 
ScienceDirect databases with related keywords such as 
thyroid cancer, radiation, hypothyroidism, absorption 

dose, and head and neck cancers.

Thyroid gland
The thyroid gland, a butterfly-shaped organ situated in the 
anterior part of the neck, has a variety of functions that have 
an impact on several physiological systems.  The thyroid 
gland and its hormones play an important role in how 
the body grows as well as in controlling the body’s basic 
physiological mechanisms. The thyroid gland controls 
the body’s metabolism with several specific hormones, 
the most important of which are triiodothyronine (T3) 
and thyrotoxin (T4). From late fetal development to 
adulthood, the pituitary gland’s production of thyroid-
stimulating hormone is the primary regulator of thyroid 
growth and function (7). 

Hypothyroidism
Hypothyroidism is the most frequent side effect of 
radiation therapy in patients with lymphoma and head 
and neck cancers (HNCs), affecting 20% to 30% of these 
people; hypothyroidism usually occurs during the first 5 
years after treatment. Head and neck radiation therapy 
results in significant doses of radiation to the thyroid 
gland (10-80 Gy) because all or a large part of the thyroid 
gland is inside or near its (8). Factors such as gender, age, 
and thyroid volume affect hypothyroidism after radiation 
therapy, but radiation exposure to the thyroid is a proven 
risk factor (9). Ionizing radiation to the neck is a known 
risk factor for hypothyroidism, especially when exposed 
to it in childhood (2).

Autoimmune thyroiditis is the most typical cause of 
radiation-induced hypothyroidism. Exposure to radiation 
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 Implication for health policy/practice/research/
medical education
Hypothyroidism and non-alcoholic fatty liver disease have been 

recognized as two main public health complications. Early diagnosis of 

these diseases can delay the progress of the disease and thus increase the 

property of life of these patients. 

can trigger autoimmune processes in which the body 
produces antibodies against the thyroid gland, which can 
lead to thyroid gland inflammation and hypothyroidism 
(10). A study found that individuals with average radiation 
exposure of more than 45 Gy were 4.9 times more likely 
to develop hypothyroidism than those with an average 
radiation dose of less radiation (11).

Thyroid cancer
The majority of thyroid cancers, or 80% of cases, are 
papillary thyroid tumors (PTCs), the most prevalent 
kind. Follicular thyroid carcinoma (FTC), which accounts 
for 10% to 20% of all thyroid cancer cases, is the second 
most common kind of thyroid cancer. Medullary thyroid 
cancer, which develops from para-follicular cells, makes 
up 6% to 8% of all thyroid tumors. One of the fastest-
growing and most invasive malignancies is anaplastic 
thyroid carcinoma (12).

Thyroid cancer has no fixed etiologic cause, although 
radiation exposure has been a proven risk factor; Exposure 
to Hiroshima and Nagasaki atomic bomb radiation 
increased thyroid cancer during World War II (12).

Ionizing radiation exposure during childhood and 
adolescence has a strong carcinogenic effect on the thyroid 
gland, which is extremely sensitive to it. The first case of 
thyroid cancer with radiation exposure was documented 
in 1950 as a result of neonatal thymus radiotherapy. From 
0.05 to 0.1 Gy, there is a much higher danger of thyroid 
radiation exposure. Malignant thyroid tumors account 
for one-third of radiation-induced thyroid tumors, and 
papillary thyroid carcinoma makes up the majority of 
these tumors (PTC). PTC happens between 5 to 10 years 
following irradiation (13).

Long-term radiation exposure has been proven to 
have particularly negative effects on the thyroid. Thyroid 
cancer incidence significantly rises when radiation 

exposure is excessive (14). Survivors’ studies in Hiroshima 
and Nagasaki have shown that if exposure to ionizing 
radiation occurs in childhood, the risk of thyroid cancer 
is significantly higher (15).

The absorbed dose of the thyroid gland
Shen et al examined 69 nasopharyngeal cancer (NPC) 
patients who were eligible for intensity-modulated 
radiotherapy (IMRT) in a study. These individuals 
received an average thyroid dosage of 41.79 Gy. A total 
of 24 patients (34.8%) experienced hypothyroidism twelve 
months following radiation therapy. The incidence of 
hypothyroidism in individuals with NPC following RT 
was significantly influenced by the thyroid gland’s volume 
and mean dosage (Dmean) (9). 

Lin et al. Examined 56 patients with NPC who 
underwent IMRT, the mean dose of the thyroid gland was 
43.9 Gy. The incidence of hypothyroidism was reported to 
be between 2.6 and 10.7%. Which was observed between 
6 and 30 months after radiation therapy (16). 

Sommat et al in a research of 102 patients with NPC 
who underwent IMRT reported that after 48.8 months 
of follow-up (FU) 43.1% developed hypothyroidism. The 
mean thyroid dose was 55.3 Gy (17)

In a study, Fujiwara et al retrospectively analyzed data 
from 116 patients with HNC who underwent three-
dimensional conformal radiation therapy (3D-CRT). The 
mean FU period was 24 months. In total (38.6%) suffered 
from hypothyroidism due to radiation therapy. Dmean for 
the thyroid gland was 44.39 Gy (18).

In a study of 40 breast cancer patients receiving 3D-CRT, 
Tunio et al showed that the typical radiation dose to the 
thyroid gland was 25.8 Gy. After 52 months of FU, 10% of 
patients developed hypothyroidism (8). 

Kim et al examined a total of 114 patients with HNCs 
receiving external beam radiation therapy (3D-CRT and 
IMRT). The mean FU period was 25 months. 56% of 
patients developed hypothyroidism. The mean thyroid 
dose was 31.78 Gy (19).

Huang et al reviewed data from 98 patients with NPC 
who underwent IMRT. The mean FU period was 17 
months. The findings revealed that the mean thyroid dose 
was 49.72 Gy and the incidence of hypothyroidism was 
33.7% (20). Table 1 contains a summary of these studies.

Table 1. Studies on the prevalence of radiation-induced hypothyroidism

Study No. of Patients Median FU Tumor types Dmean (Gy) Rate of HT(%)

Shen (9) 69 12 months NPC 41.79 34.8

Lin (16) 56 6-30 months NPC 43.9 2.6-10.7

Sommat (17) 102 48.8 months NPC 55.3 43.1

Fujiwara (18) 116 24 months HNC 44.39 38.6

Tunio (8) 40 52 months BC 25.8 10

Kim (19) 114 25 months HNC 31.78 6

Huang (20) 98 17 months NPC 49.72 33.7

HT, hypothyroidism; NPC, nasopharyngeal cancer; HNC, head and neck cancer; BC, breast cancer.
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Conclusion
In radiation therapy for HNCs, exposure to non-target 
tissues such as the thyroid cannot be prevented. In radiation 
therapy for head, neck, and chest tumors, the thyroid gland 
ought to be viewed as a high-risk organ. Hypothyroidism 
and thyroid cancer are related to decreased quality of life. It 
is important to consider this risk when planning radiation 
therapy. The typical radiation dose to the thyroid gland 
is a key factor in causing hypothyroidism and thyroid 
cancer. Every effort should be made to avoid exposure to 
radiation in childhood. In any case, FU of thyroid function 
after radiation therapy is mandatory.
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