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Abstract 
Consequences of breast, head and neck cancers (HNC) radiotherapy are 
common among developing country patients; hence the aim of this work was 
to assess the impact of HNC (nasopharyngeal, laryngeal and hypopharyngeal 
and parotid) radiotherapy in thyroid and lungs functions. The data (tumor 
dose, dose histogram) has been retrieved from treatment planning system 
(TPS) and the thyroid hormones (T3, T4 and TSH) level pre/post radiotherapy 
was measured by radioimmunoassay (RIA) technique. Ages (18 - 55 for HNC 
and 20 - 65 for breast cancer) derived from PACS and respiratory rate (RR) 
assessed by counting the number of breathing/minutes. The analyzed data 
using Excel showed that: the impact of HNC without parotid and supraclavi-
cular irradiation was significant (P = 0.00) reduction on T3 & T4, and in-
creasing TSH hormones relative to applied tumor dose. The average doses 
(2.8, 30, 32, 33 and 20.5 Gy) received by thyroid gland from irradiation of 
parotid, larynx, breast, hypopharynx and nasopharynx respectively reduced 
T4/T3 hormones to 125.9/0.8, 109/0.6, 67.8/0.4, 33.9/0.3 and 105.8/0.7 respec-
tively and increased TSH to 4.5, 6.3, 8.1, 11.5 and 0.65 mU/l respectively. The 
RR increased significantly (P = 0.05) from 19.1 ± 3.6 to 22.1 ± 3.4 in average 
due to tangential fields irradiation of breast. Conclusion addressing that: 
conventional radiotherapy for HNC & breast induce a significant reduction in 
thyroid hormones and increment of RR. 
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1. Introduction 

The malignant tumors originated in head and neck representing 9th most com-
mon cancer and threatening diseases where being disseminated over the world 
which striking throat, larynx, hypopharynx, nasopharynx, nose, sinuses, parotid 
and mouth [1] that denoted by head and neck cancer (HNC). The annual inci-
dence had been estimated between 400,000 - 600,000 and mortality rate between 
223,000 - 300,000 deaths/year [2]. Regionally, these malignancies represented the 
most top ten in South East Asia and India [3] [4]. Among these cancers; naso-
pharyngeal carcinoma (NPC) showed a rising rate in Asia, Middle East, North 
Africa and peaked in Southern China [5]. In Saudi Arabia, NPC has been de-
creased by a factor of 2.9% annually since 1990 with mortality value of 0.68 
deaths per 10,000 men in 2013, which was higher compared among women as 
0.33 per 10,000 women [6]. It ranked at 18 with an incidence of 1.7% based on 
international classification of diseases 2018 [7]. The encouraging aspect for con-
sidering NPC is its consequences, late discovery among Saudis’ population (70% 
of patients presented with stage III and IV) [6] [8] and the induced hypothy-
roidism due to conventional radiation therapy. 

In Sudan, NPC represented 6% of all cancer cases based on Sudan Cancer Re-
gistry (SCR) records, and 7% based on Radiation Isotope Center-Khartoum 
(RICK) and having a male to female ratio of 2.6:1 respectively [8]. The recent 
Sudan cancer registry (2018) showed that: NPC ranked at 17 and the incidence 
as 1.8%. The patients with NPC presented for medication with advanced stages 
as 68%, 65.97%, and 15.58% for stage IV, III, and II respectively [9]. Also, La-
ryngeal cancer is ranked at the 14th most common cancer worldwide and it is 
the most common cancer among HNC [8]. In Sudan during 2014-2016, Laryn-
geal cancer represents 95.1% as common among Sudanese male as well as re-
ported by other scholars [10] [11] [12]. In Saudi Arabia, it ranked at 25 with an 
incidence of 0.63% in 2018 based on international classification of diseases 2018 
[7]. Hypopharyngeal carcinoma (HPoPC) (carcinoma originated at pharyngoe-
sophageal junction (postcricoid), pyriform fossa, and posterior pharyngeal wall) 
has been encountered in radiation centers in Saudi Arabia and represented 0.2%. 
The involved anatomical parts showed 28.3% and 19.9% and 52.9%, for 
post-cricoid, pyriform fossa and both sites respectively. It has a survival rate of 
16% - 25% irrespective to treatment models such as surgery and radiation ther-
apy [13]. And it ranked at 29 with an incidence of 0.21% based on international 
classification of diseases 2018 [7]. While in Sudan, it ranked at 27 with an inci-
dence of 0.44%. However, it has been increasing in western regions of Sudan 
(Dilling, Kadogli and Nuba Mountains) and predominantly among the ages of 
15 - 19 years and one at 50 - 54 years with male to female ratio of 2.6:1. The 
common presented cases for treatment represented stage II (15.58%) and III 
(65.97%) [9].  

Breast cancer represents one of the most top common cancers among Saudi 
women with 21.8% [14]. In recent survey of cancer-related mortality among Saudi 
women; breast cancer represented as the 9th leading cause of death [15] [16]. 
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While Ibrahim et al. [17] predicted that: the incidence percent of breast cancer 
will increase over the next few decades as the population grows and ages. Com-
paring that with Sudan; breast cancer has been representing as top (ranked at 1) 
most common cancer among Sudanese female with incidence of 22.1%. It has 
been managed by different treatment modalities such as surgery, radiotherapy, 
chemotherapy and hormonal therapy [18]. The radiotherapy (RT) is commonly 
given to eradicate the residual microscopic cancer cells after operation or for 
palliation or adjuvant treatment, hence commonly accompanied by radiation 
sickening extended from mild to severe side effects. The side effects under focus 
in this research are the physiological effects of thyroid gland and the lung due to 
external radiotherapy of the HNC and the breast cancers. Thyroid dysfunction 
commonly develops after ionizing radiation therapy at therapeutic doses 225 - 
4300 cGy [19]. Also, in the same realm, Bonato et al. [20] have reported that: the 
hypothyroidism is very common in survivors of childhood cancer treated with 
external beam radiation. In the study carried out by Laway et al. [21]; they showed 
that: the primary hypothyroidism often develops as a result of radiotherapy to the 
cervical region in therapeutic doses (30 - 70 Gy) in patients with head and neck 
cancer and the mean time for development of hypothyroidism was 4.5 months. 
Relative to radiation effect in the lungs that maintaining the level of oxygen and 
carbon dioxide in arterial blood, some scholars [22] [23] [24] revealed that: 
breast cancer irradiation leading to pneumonitis of Grade I (16%) and II (4.9%) 
after 6 months of RT course. And more over: Lopez et al. [25] showed a reduc-
tion in lung diffusing capacity for carbon monoxide (DLCO) among the majori-
ty of the patients after RT with modern techniques which furtherly affecting the 
mean normal respiratory rate (MRR) which is 19 breath/ minute [26]. 

Therefore, the main focus of this work is on the accompanied hypothyroidism 
and respiratory incompetence due to HNC & breast irradiation respectively. 
And the general objective of this study is to correlate the level of thyroid hor-
mones (T3, T4, TSH) with the applied prescribed carcinocidal radiation dose, de-
termine the hormones level at specific committed radiation dose in addition to 
RR after Nasopharyngeal, hypo-pharyngeal, laryngeal, parotid and breast carci-
noma with respect to applied conventional radiotherapy technique. 

2. Method 

The following research conducted as a retrospective study targeting the patients 
underwent RT course and have been examined for white blood count WBC, red 
blood cells (RBCs), respiratory rate and further for thyroid hormones. The rele-
vant data have been accessed and retrieved from picture archiving computerized 
System (PACS) of cancer treatment centers after signature of the informed con-
sent by the patients and based on the approval of the ethical committee of the 
University addressed to hospitals. The total samples were 80 patients for naso-
pharyngeal, laryngeal, hypo-pharyngeal, and Parotid carcinomas and 100 pa-
tients for breast cancer. The sample ages were 18 - 55 for HNC and 20 - 65 years 
for breast cancer. The target volumes with relative radiation field sizes verified 
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by using simulator and pentogram shown in Figure 1. The radiation dose re-
ceived by thyroid gland retrieved from the dose histogram obtained by PlanW- 
Treatment Planning System for Radiotherapy (Version 3.0.2017) with its quality 
controlled verified based on Benedick et al. [27] and IAEA [28] method. The ap-
plied prescribed carcinocidal doses were 4500 - 5250 cGy for breast cancer, 6000 - 
6500 cGy for nasopharyngeal, laryngeal/hypo-pharyngeal and Parotid carcino-
mas. The RT machine used for irradiation was 60 co-teletherapy machine with 
conventional collimator.  

Thyroid hormones: Tri/tetra iodothyronine and Thyroid Stimulating Hor-
mone (T3, T4, TSH) have been measured from the withdrawal blood samples as 
15 cc from each patient using disposable syringe and collected in three dry glass 
tubes (5 cc/tube for each patient) with anticoagulant and immediately centri-
fuged at 2000 rpm (rotation per minutes) for 5 minutes and the amount of sepa-
rated serum assessed by using Radio-immunoassay kits (DPC, USA) on Gam-
mamatic II gamma counter (Contron, Switzerland) to determine the amount of 
T3, T4 and TSH for all cases pre/post radiotherapy course, and as well the WBC 
and RBCs that stored in patient’s file in PACS. 

 

 
Figure 1. Simulation images showed (a) Larynx simulation two opposing 
fields sparing the tracheostomy, (b) hypopharynx simulation two opposing 
fields including the posterior cervical lymph nodes, (c) anterior supraclavi-
cular simulation field targeting supra/infra-clavicular and cervical lymph 
nodes, (d) CT image of parotid gland and (e) pentagram for breast tangen-
tial fields with dose histogram done by PlanW-Treatment Planning System. 
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3. Results 

The results present the scattered plot correlation for received dose in cGy versus 
thyroid hormone level for irradiated HNC and breast (Figures 1-5), while Fig-
ure 6 shows the average dose received by thyroid gland from each irradiated case 
versus the level of thyroid hormones (T3, T4, and TSH). Figure 7 presents the 
correlation of respiratory rate (RR) versus ages of patient’s pre/post radiotherapy 
course. 

4. Discussion 

Up to date, the conventional radiotherapy has been a common and main tech-
nique to eradicate the residual cancer cells post operation, and further could be 
given as pre-operation (enhancing operation technique) or palliative treatment 
in developing countries. However, the consequences due to irradiation still  

 

 
Figure 2. The correlation between the applied prescribed carcinocidal radiation 
dose for nasopharyngeal carcinoma and the relative thyroid hormones level as a 
reduction impact on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 3. The applied prescribed carcinocidal radiation doses for Laryngeal 
carcinoma irradiation and the relative thyroid hormonal level as a reduction 
impact on T3 and T4 and increasing impact on TSH levels. 
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Figure 4. The applied prescribed carcinocidal radiation doses for Hypopharyngeal 
carcinoma irradiation and relative thyroid hormonal level as a reduction impact 
on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 5. The applied prescribed carcinocidal radiation doses for supraclavicular 
field of (targeting cervical, supra/infra clavicle and axillary lymph nodes) breast 
carcinoma irradiation and relative thyroid hormonal levels as a reduction 
impact on T3 and T4 and increasing impact on TSH levels. 

 

 
Figure 6. The applied prescribed carcinocidal radiation doses for Parotid carcinoma 
irradiation and the relative thyroid hormonal level as a reduction impact on T3 
and T4 and increasing impact on TSH levels. 
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Figure 7. The average dose received by thyroid gland from each irradiated case 
(Parotid, Larynx, Breast, Hypopharynx and Nasopharynx) and the relative 
level of thyroid hormones (T3, T4, and TSH). 

 
prominent and turning the scholar’s attention. Figures 2-6 show the correlation 
between the applied tumor dose for HNC and the relative influenced hormonal 
levels in logarithmic scale. In which thyroid hormones T4 and T3 decreased sig-
nificantly (R2 = 0.7 and 0.8) in a linear form following the radiation dose incre-
ment as correlated in equations: y = −0.1816x + 1219 and y = −0.0021x + 13.724 
respectively and TSH increased significantly (R2 = 0.8) following the radiation 
dose increment as correlated in equation: y = 0.0016x − 9.6036, for nasopharyn-
geal irradiation. For laryngeal irradiation, the correlations were fitted to equa-
tions: y = −0.1008x + 684.42 and y = 0.0402x − 236.43 (T4 and T3) and y = 
−0.0008x + 5.0432 (TSH). For hypopharyngeal irradiation, the correlations were 
fitted to equations: y = −0.16x + 1063.3 and y = 0.0243x − 143.22 (T4 and T3) 
and y = −0.0013x + 8.4887 (TSH). For supraclavicular of breast irradiation, the 
correlations were fitted to equations: y = −0.0708x + 408.05 and y = 0.003x − 
10.825 (T4 and T3) and y = −0.0024x + 13.527 (TSH). For parotid gland irradia-
tion, the correlations were fitted to equations: y = −0.2677x + 1778.9 and y = 
−0.0087x + 56.702 (T4 and T3) and y = 0.0076x − 44.97 (TSH), where x refers to 
radiation dose in cGy and y refers to the level of hormones in nmol/l for all cor-
related equations. The t-test has been carried out for the level of hormones 
pre/post irradiation with references to normal levels (T3: 0.8 - 3.0 nmol/L, T4: 
50 - 150 nmol/L, TSH: 0.4 - 4.0 mu/L) which was showed significant impact at P = 
0.00, for nasopharyngeal, larynx, hypopharynx and P = 0.05 for breast and paro-
tid gland irradiation. The reduction of hormones could be ascribed to damage or 
inhibition of the active follicular epithelium and reduce the number of function-
al follicles; or it may reduce the vascular permeability or may trigger immuno-
logic reactions leading to histological changes, as reported by Mizukami et al. 
[29]. Also, Jung et al., [30] showed that: numerous numbers of abnormal small 
follicles were observed in the thyroid tissues of rats which were surrounded by 
cuboidal or columnar epithelium on days 4 and 7 after irradiation and inflam-
matory cells were observed in the inter-follicular areas. While Chougule and 
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Kochar [31] found that the levels of T4 & T3were decreased significantly (p < 
0.001, p < 0.005 after irradiation. In previous studies, scholars [32] [33] [34] 
stated that: the HNC irradiation results in hypothyroidism in at least 50% of pa-
tients. The increment of TSH could be ascribed to a reduced level of T4 and T3 
in the circulating blood that triggers and stimulate the production of TSH by the 
pituitary gland.  

In supraclavicular irradiated field for breast, despite the radiation field was 
partially encompassing the thyroid gland compared with the cases of HNC 
however the impact was so significant due to large penumbra profile of the 60Co 
source of teletherapy machine as well as inadequate shielding during radiothe-
rapy session which furtherly led to shoulder joint stiffness for some patients.  

The radiation dose received by thyroid gland Figure 7, due to Nasopharynx, 
parotid, larynx, breast and hypopharynx irradiation were 20.5, 2.8, 30, 22 and 33 
Gy respectively that reducing significantly (p = 0.00 − 0.05) the thyroid hormone 
T3 to (0.7, 0.8, 0.6, 0.4, 0.3) and T4 to (105.8, 125.9, 109, 67.8, 33.9) and TSH to 
(0.7, 4.5, 6.3, 8.1, 11.5) respectively. Such results agreed with study done by Rei-
nertsen et al. [35] and Smith et al. [36] where they noticed about 18% and 14% 
of the patients developed post radiotherapy hypothyroidism respectively due to 
31 Gy average dose. 

Based on the literature highlighted by Johansen et al. [37]; Ahmed et al. [38] 
and Chaurasia et al. [39]; the impact of irradiation in thyroid depends on vo-
lume of the thyroid, applied dose for cancer case, fields distribution, planning 
method, applied technique and the type of radiotherapy machine in addition to 
gender and the age. The general HNC irradiation has been noticed to cause hy-
pothyroidism among 48% of patients underwent radiotherapy course [40]. Ac-
cording to such findings, the applied radiotherapy technique and the number of 
radiation fields distribution have to be verified seriously with usage of modern 
treatment planning systems with multi-leave collimators facilities and the worth 
to be recommended is the usage of intensity modulated radiation therapy 
(IMRT) as it gives modular radiation intensity concise with the tumor density 
and thickness in addition to precise shaping of the radiation field relative to tu-
mor extension and sparing the adjacent vital organs. 

The respiratory rate (RR) pre/post radiotherapy course has been assessed 
based on the number of inspirations per minute by direct observation of the pa-
tient chest wall rises and falls. The scattered plot (Figure 8) showed significant 
(P = 0.00) increment of RR (22.1 ± 3.4) post radiotherapy course (average re-
ceived dose 12.6 Gy from tangential fields, patient supine) compared with 19.1 ± 
1.6 breath/minute before irradiation (Normal RR = 20 breath/minute [41]. Fur-
ther side effects noticed among the patients were coughing and shoulder joint 
stiffness. The procedure of radiation therapy adjacent to thyroid gland and lung 
better implemented using intensity modulated radiation therapy IMRT or even 
volumetric modulated arc therapy that would not lead to such a significant radi-
ation effect [42]. 
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Figure 8. Shows the scattered plot to correlate between age in years and 
respiratory rate for irradiated patients (Ca. breast tangential fields) pre and 
after RT course, tumor dose 4500 5000 cGy. 

5. Conclusion 

The conclusion addressing that: conventional radiotherapy for HNC & breast 
induce a significant reduction in thyroid hormones and increment of RR, lead-
ing to the necessity of using IMRT. 
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