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Background: This study aims to evaluate the risk of hypothyroidism (HT) after radiotherapy (RT) of breast and supraclavicular in patients
with breast cancer (BC).

Materials and Methods: In a historical cohort study, the records of all patients with BC who had been referred to the Mahdieh radiotherapy
Center of Hamadan from 2017 to 2019 were reviewed. Demographic characteristics, clinical information, previous and current used treatment
methods (surgery, radiotherapy, chemotherapy), number of RT sessions and doses, and HT (TSH >5 mIU/L) were extracted from the patient’s
documents. Data were analyzed using SPSS software version 16.

Results: Out of 304 patients referred to the Center, 266 patients were investigated. The mean TSH was 6.3 + 7.9 ml/L (1.5 to 65.4). Approximately
half of the patients were in Stage 2 of the disease. 37 (16.4%) patients were diagnosed with HT, of which 8.8% were clinical, and 7.5%
were subclinical. The mean total dose of HT patients (5621.62 & 491.67) was significantly higher than other patients (5304.76 + 937.98).
21 patients (56.8%) in Stage 3 and 4 and 16 (43.2%) patients in Stages 1 and 2 had HT (P =0.006). Spearman correlation coefficient showed that
there was a significant relationship between total dose and TSH hormone (r= 0.624), the number of RT sessions with TSH hormone (r= 0.237),
and total dose with T4 hormone (r = -0.232).

Conclusion: The findings of this study showed that the risk of HT increases significantly in patients with BC who undergo RT of breast and
supraclavicular. Patients with higher stage, more radiation, and more RT sessions are at higher risk of HT.
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INTRODUCTION

Radiotherapy (RT) is considered one of the most effective
cancer treatment methods."! RT plays an important role in the
management of patients with breast cancer (BC), ranging from
early-stage to advanced and metastatic cases."”!

RT uses ionizing radiation to control or kill malignant cells,
which is inevitably associated with early and late effects
and damage to normal tissues. These damages are the most
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important obstacles to administering an effective dose to the
patient. On the other hand, late and acute side effects are
especially the primary concern in treated patients.['!

The thyroid is the largest endocrine gland of the human body
and is responsible for producing free triiodothyronine (T3) and
free thyroxin (T4) hormones.” One of the thyroid disorders
is HT, which can occur due to various reasons. HT is divided
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into two categories: clinical and subclinical HT. In clinical HT,
Thyroid-Stimulating Hormone (TSH) is high, and T4 is low,
and in subclinical HT, TSH is high, and T4 is normal. Usually,
symptoms such as fatigue, weakness, weight gain, cognitive
disorders, swelling, intolerance to cold, muscle pain, anxiety,
hearing loss, dry skin, etc., are detected in patients with these
disorders.?!

Laboratory tests such as T4 and TSH measurements can be
used to detect HT. The TSH level should be between 0.5 and
5 mlIU/L, and the T4 level should be between 8 and 12 mIU/L
in normal thyroid.

The thyroid is one of the sensitive organs against ionizing
radiations. During RT of the breast and supraclavicular, parts
of the thyroid, which are near the radiation field, exposes and
makes the possibility of abnormalities in the thyroid of BC
patients, and cause disorders in its function.?>!

Few studies have examined whether patients receiving breast
and/or supraclavicular RT have a higher risk of developing
HT, but the results have been very different and contradictory
in terms of study conditions.

It is essential to evaluate the risk of infection in these patients
to determine whether regular monitoring of their thyroid
function after RT is necessary and important. Therefore,
this study aimed to measure the level of T4 and TSH in BC
patients referred to Mahdieh Radiotherapy Center of Hamadan,
Iran, from 2017 to 2019, who had been under RT of breast
with or without supraclavicular after one year of treatment.
Demographic and Radiotherapy specifications of patients such
as the number of sessions, dose per session, and total dose,
also the absorbed dose of thyroid measured by the treatment
planning system, and the risk of hypothyroidism after one year
of RT evaluated.

MarteriALs AND METHODS

Selection criteria

In this retrospective cohort study, 304 patients with BC who
were definitively diagnosed with BC between 2017 and 2019
and treated at Mahdieh Radiotherapy Center of Hamadan, Iran,
were entered the examination. Patients were given written
consent to participate in the study. The designed checklist has
no name, and the information was published in general.

Inclusion criteria were definitive diagnosis of primary BC, and
consent to participate in the study. Exclusion criteria were the
patient’s other thyroid diseases or thyroid abnormalities before
starting RT, incomplete data recorded in the patient’s medical
record, history of thyroid disorders in the family, and lack of
access to records related to treatment outcome. Totally, out of
304 patients, who were referred to the RT center between 2017
and 2019, 266 patients were investigated.

Demographic data acquisition
Required data include demographic variables such as age,
location of the tumor, stage and grade, the extent of lymph
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node involvement, primary and following used treatment
methods such as surgery, radiotherapy, brachytherapy, and
chemotherapy extracted from the patients’ documents.

Thyroid investigation

All patients were contacted and asked about thyroid function,
thyroid medication, and clinical signs of HT such as fatigue,
weakness, weight gain, cognitive disorders, edema, cold
intolerance, muscle pain, anxiety, hearing loss, and dry skin.
Also, free TSH and T4 tests were done for all patients.

Radiotherapy data

All patients were treated by ELECTA machine, with the
MONACO treatment planning system. All information of
RT used for each patient such as used treatment methods, the
number of RT sessions, the applied dose of RT, treatment or no
treatment of supraclavicular, The number of weekly sessions,
total radiation dose, and dose per session were extracted
from the MONACO treatment planning system. CT scans of
all treated patients were available in the treatment planning
system. The software could calculate the absorbed dose of
intended organs. To measure the absorbed dose of thyroid,
the thyroid of patients contoured in CT scans of patients and
calculated by the software.

Finally, treatment outcomes (recovery, recurrence, metastasis,
etc.) were extracted from patients’ medical records and
recorded in a checklist. In the case of patients’ death, the time
and cause of death were asked.

All data of each patient was written in the Questionnaire form
that has shown in Figure 1.

Statistical analysis

SPSS software version 16 was used to analyze the data.
A statistically significant level of less than 5% was considered.
The Chi-square test (or Fisher’s exact test) was used to
compare the outcome of the disease in terms of nominal and
rank qualitative variables. Student t-test was used to compare
in terms of quantitative variables.

ResuLts

Demographic results

In this historical cohort study, out of 304 patients included
in the training, 266 patients were investigated. The mean
age of the patients was 48.34 = 5.42 years (35 to 68 years).
76 patients (33.6%) of the studied patients had a history of
underlying disease (hypertension or diabetes or both). For
73 (32.30%) patients, Modified Radical Mastectomy (MRM),
and for 153 (67.70%) patients, Breast Conserving
Therapy (BCT) was used.

Examination of patients in terms of frequency in different
stages showed that out of 226 patients, 29 (12.8%) patients
were in stage 1, 114 (50.4%) patients were in stage 2,
79 (35%) patients were in stage 3, and 4 (1.8%) patients
were in stage four, based on which, most of the patients
were in stage 3.

Advanced Biomedical Research | 2023



Karimijavid, et al.: Hypothyroidism after radiotherapy of breast and supraclavicular

Thyroid investigation results

TSH and T4 levels were measured and analyzed. Mean TSH in
patients was 6.3 +7.9 (1.5 to 65.4), and the mean of examined
T4 was 8.8 +£ 6.6 mIU/L (1.5 to 100).

According to the results of Table 1, a total of 16.4% of
patients had HT, of which 8.85% were clinical, and 7.52%
were subclinical.

Radiotherapy results

The photon energy used in RT of all patients was 18 MeV, and the
dose of all patients in each session was 200 Monitor units (MU).
The mean total dose was 5356.63 + 887.48cGy (3000-6000),
and the average number of sessions was 28.20 + 2.53. The

Table 1: Characteristics of hormones examined based on
thyroid status

Status Hormone Mean SD  Minimum  Maximum
(mlIU/L)
Normal TSH 4.2 1.0 1.5 5
n=189 T4 9.5 6.9 4 100.0
Clinical TSH 25.5 17.5 4 65.6
n=20 T4 2.6 0.9 L5 1.4
Subclinical ~ TSH 7.3 1.9 4 10
n=17 T4 8.4 7.5 7.5 10
SD: Standard Deviation
Q_llesﬁtinn aire Form

1 Document Number:
2. Age (years):
3. Stage of tumor:

1-20 2-?2A O 3-?2B O 42 O 5-2 AC 6-?2 BO
4. Size of the tumor

1-T1O 2-T2a0 3-T2bO 4-T3O 5-T4O
5 Lymph nodes involvement

1-N0 O 2-N1 O 3-N2 O 4-N3aO 5-N3bO
6. The primary treatment methods MRMO BCTO

1-surgery O 2- Radiotherapy D  3- Brachytherapy O 4-chemotherapy O

T. Following treatment methods
1-surgeryD  2- Radiotherapy®  3- Brachytherapy O 4-chemotherapy>
8. Radiotherapy information:
Total Dose: Dose per session:
type of radiation: Energy of radiation:
Treatment of supraclavicular yes O noD
9. Treatment outcome: recoveryD  recurrenceD

Number of sessions:
Absorbed dose of Thyroid: *
metastasisTD  deathCD

10.  Clinical signs of HT exactly after Radiotherapy:

Fatigue D weaknessO weight gainC cognitive D
disorders edema’>  cold intoleranceD  muscle painC anxiety D
hearing loss O dry skin O

Mean TSH test result: Mean T4 test result:

11.  Clinical signs of HT 6 months after Radiotherapy:

Fatigue D weaknessO weight gainCD cognitive D
disordersedema>  cold intoleranceTD  muscle painC® anxiety D
hearing loss T dry skin O

Mean TSH test result: Mean T4 test result:

12.  Clinical signs of HT 12 months after Radiotherapy:

Fatigue D weaknessO weight gainC cognitive D
disorders edema®  cold intolerance > muscle pain> anxiety D
hearing loss T dry skin O

Mean TSH test result: Mean T4 test result:

mean absorbed dose of thyroid for patients with HT was
24.22 + 6.45 Gy, while V40% and V50% were 27.62 + 7.12,
and 36.76 £ 9.66, respectively, but in the group without HT
were 21.01£4.55,22.12+£6.25,and 30.27 + 8.36, respectively.

Statistical analysis results

Table 2 shows the results of the Kruskal-Wallis and
Mann-Whitney tests to examine the relationship between
HT and the number of sessions, based on which, there was
no statistically significant relationship between HT and the
number of sessions. Data show that the radiation reception
was higher in clinical and subclinical form, and People with
HT were exposed to higher levels of radiation, although these
relationships were not statistically significant. Also, there was
no significant relationship between the number of RT sessions
and the incidence of HT.

Table 3 shows the relationship between the presence of
underlying disease, surgery, and the tumor stage on the
incidence of HT. Based on the results, patients with HT had
more underlying disease history with a significant difference.
Also, the relationship between HT and the stage was
statistically significant.

Figures 2, 3, and 4 show the correlation between total dose and
TSH, the number of RT sessions and TSH, and total dose and
T4, respectively. A significant direct correlation was observed
between TSH, the number of RT sessions, and the total dose,
which showed that when the number of sessions and total dose
increase, the TSH also increases. An indirect correlation was
observed between total dose and number of sessions with T4,
indicating that T4 had a significant relationship with dose, but
still, no significant relationship was observed between T4 and
the number of RT sessions.

Discussion

In recent decades, the survival rate of patients with BCs has
increased significantly.l” Therefore it is essential that the

o
60.00] o
o
40.00 o o
=
2
20.00 o o
o
8 8
8
o 8 R SqLinea n_§
o L 8
0.00
T T T T T T T
3000.00 3500.00 4000.00 4500.00 5000.00 5500.00 6000.00
totaldose

Figure 1: Questionnaire form
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Table 2: Comparison of mean radiotherapy parameters in patients with thyroid disease

Variable Hypothyroidism Normal Subclinical Hypothyroidism P
Mean=SD Mean=SD Mean+SD (Kruskal-Wallis)
Number of Sessions (Days) 2.5+28.0 2.5428.3 3.1£27.9 0.760
Total Dose (cGy) 651.8+5380.0 930.1:£5443.9 624.2+5470.5 0.830
Variable CAT (TSH normal) CAT (TSH high) P (Mann-Whitney)
Mean=SD Mean=SD
Total Dose (cGy) 5343.9£930.1 5421.6£632.1 0.664
Number of Session 28.3+2.5 28.0+2.7 0.478
100.004 o
o
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Figure 3: Correlation between the number of RT sessions and TSH

side effects of the treatments, such as HT following RT, be
appropriately diagnosed, and treated.

In this historical cohort study, the possibility of HT after RT
of breast and supraclavicular was investigated in patients
with BC.

Results of the study showed that approximately 16.5%
of patients developed HT, six months after RT, of which
approximately half were subclinical HT. It can be concluded
that HT is due to the effect of radiation absorbed by the thyroid.

As opposed to our claims, few studies asserted that HT had
been shown to occur not only in patients with BC who have
received RT but also happens in patients receiving systemic
medications. However, these studies are associated with
limitations, such as the small sample size.! On the other
hand, two studies with a relatively large sample size (more
than 1600 women) have shown that the incidence of HT
in patients who have survived BC is higher than in the
group who did not develop BC.[**! Although the effect of
chemotherapy can be attributed to these abnormalities,!'” few
studies have examined the effect of chemotherapy on thyroid
function. Other results that bolsters the idea about the effect
of RT aside from chemotherapy on thyroid function, was a
relationship between HT and the number of RT sessions or
the dose received by the patient. It was shown that in both

4

Figure 4: Correlation between total dose and T4

clinical and subclinical HT radiation was higher. Some other
studies also confirm our results. A study done by Akyurek
et al.™ showed that out of 28 patients with BC undergoing
RT, 6 (21%) developed HT, which is lower than this article’s
results (16.5%). While another similar study by Kanyilmaz
et al.®! showed a higher rate of HT (21%) compared to the
results of the present study. The probable reason for this
increase is attributed to a higher amount of radiation to the
supraclavicular region, differences in the selected population,
the region and geography influencing the incidence of HT,
and the different follow-up times of the patients. In a study
done by Tunio et al.,[ 40 patients with BC were divided into
two groups. The first group received only breast RT, but the
second group received supraclavicular RT. Results showed
that 5% of patients in the first group and 15% of patients in
the second group developed HT, which is consistent with the
findings of the present study.[?)

Park et al.l" investigated the incidence of HT after RT of
about 117135 Korean BC patients with a follow-up time of 4 to
8 years. For patients treated with RT the rate of HT at 1, 5, and
8 years were 1.4, 6.2, and 9.3%, respectively, and for patients
treated without RT were 1.2, 5.5, and 8.6%, respectively.
They concluded that the risk of HT after RT increases after
treatment up to 9 years, although they reported a lower rate
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Table 3: Relationship between cancer history and type of
surgery and hypothyroidism

Variable No Hypothyroidism Hypothyroidism P
n=189 (TSH normal) n=37 (TSH high)  (chi2)
Abundance (percent) Abundance (percent)
Underlying
Disease
yes 51 (27.0) 25 (67.6) 0.001
no 138 (74.0) 12 (32.4)
Surgery
MRM 56 (29.6) 17 (45.9) 0.06
BCT 133 (70.4) 20 (54.1)
Stage
1,2 127 (67.2) 16 (43.2) 0.006
3,4 62 (32.8) 21 (56.8)

MRM: Modified Radical Mastectomy. BCT: Breast Conserving Therapy

of HT incidence than ours, which could be due to different
demographic and treatment specifications.

Based on the results of such articles, it is predictable that with
longer follow-up of patients, a higher rate of HT among the
patients of the current study might be seen.

In another similar study Falstie-Jensen et al.l' also found that
radiation to the thyroid gland increased the risk of HT in BC
patients. A recent study by Pillai e a/.' in India confirmed
that HT in BC patients was 14.86%. A Norwegian study also
found that women with BC were twice as likely to develop
HT.!'®1 One of the reasons for the difference in HT prevalence
in these patients is the difference in the way HT is assessed.
In some studies, the test result is considered HT, and in others,
levothyroxine is prescribed and considered HT.

In the present study, it was observed that one of the factors
that could increase the chances of developing HT in patients
with BC was patients’ received dose, which increased with
growing the dose and the number of sessions. Results showed
that TSH increased with the increasing number of sessions
and total dose. The relationship between T4 and total dose
was significant but this relation was not significant between
T4 and the number of sessions.

Other studies have also shown that increasing the amount
of radiation received by patients raises the risk of damage
to adjacent tissues, including the thyroid.>!” In addition to
the amount of radiation and the number of sessions, another
factor in the incidence of HT after RT in BC patients is
the amount of thyroid volume placed in the radiation field.
Previous findings show that patients with higher thyroid
volume underexpose have a higher risk of developing HT.®!
Tunio et al." observed that the most critical risk factor for
happening HT was more received radiation (V30 >50%)
in patients with BC. Therefore, it is recommended that for
patients with more RT sessions and doses, thyroid hormones
and thyroid volume be measured before starting RT and regular
follow-ups are done to ensure proper thyroid function during
and after treatment. Some investigations concluded that V50
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was a high-risk factor inducing hypothyroidism (HT), such
that patients with a V40 > 80% had a higher risk of HT than
those with V40 <80%.!"*!") mean absorbed dose of thyroid,
also V40 and V50 of our results were in correlation with the
results of such similar studies.!"®!

The demographic results of this study showed that patients
with HT had more underlying disease history with a significant
difference, and the relationship between HT and the higher
stage was statistically significant. However few studies have
investigated the influence of such parameters on thyroid
function with or without the effect of used treatment methods.
In this regard, Falstie-Jensen et al.l'¥ showed that patients
with the underlying disease were more likely to develop HT.
Therefore, it is further added that having sufficient information
about the lifestyle, smoking status, obesity, and physical
activity of patients as other factors that may affect the incidence
of HT can be accurate conclusions about the effect of radiation
on the incidence of thyroid disorders.

It seems that to investigate and control the HT in treated
BC patients the effect of underlying disease, as well as
chemotherapy, should be investigated more wildly, to
determine the exact role of RT on thyroid function.

CoNcLUSIONS

In total, it is essential to pay attention to its late complications,
including HT. Therefore, screening and follow-up of these
patients would be beneficial to detect and treat HT as soon
as possible.
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