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Introduction

Breast cancer is one of the most common types of cancer among 
women throughout the world [1]. Cancer treatment involves 
surgery, chemotherapy, hormone therapy, and radiotherapy [2]. 

Intraoperative radiotherapy (IORT) is one of the specific methods of 
radiotherapy in which a defined dose of radiation is delivered into the 
tumor bed in a single fraction of treatment [3]. Low-energy (30-50 KV) 
X-ray IORT is an innovative method to improve the treatment effects 
in patients with breast cancer. The tumor bed can be treated using a 
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ABSTRACT
Background: Breast cancer is the most common cancer among women. Consider-
ing the fact that a high dose is delivered in a single fraction of IORT, the evaluation 
of the dose at sensitive organs like thyroid is necessary. 
Objective: The current study has aimed to evaluate the received dose to thyroid 
lobes in the breast IORT technique.
Material and Methods: A total of 49 women with breast cancer undergoing 
IORT were enrolled in this cross-sectional study with census sampling. Immediately 
after tumor resection, a single dose of 20 Gray at the applicator surface was delivered 
using 50KV X-ray by an Intrabeam machine. The thyroid dose was detected using 
thermoluminescent detectors (TLD) 100 at the mid-thyroid line, left and right lobes. 
Results: The dose at the right and left lobes of the thyroid gland as well as 
the mid-thyroid line was found to be 40.18±35.44 mGy, 35.50±27.32 mGy, and 
40.61±32.47 mGy, respectively. The right lobe received a significantly higher 
absorbed dose compared to the left lobe when the right breast was under IORT 
treatment. The same trend was seen with the left lobe and left breast under IORT 
treatment (P=0.0001 and P=0.018, respectively). The applicator size showed non-sig-
nificant effects on the absorbed dose at the thyroid gland. Also, the applicator depth 
had a non-significant inverse effect on thyroid dose.  
Conclusion: According to our findings, the absorbed dose at each thyroid lobe 
depends on the under-treatment side as well as the applicator size and depth (applica-
tor upper surface distance from the skin).
Citation: Ramezani Farkhani R, Gholamhosseinian H, Anvari K, Forghani MN. Assessment of Thyroid Lobe Dose in Breast Cancer Intraopera-
tive Radiotherapy. J Biomed Phys Eng. 2021;11(1):55-60. doi: 10.31661/jbpe.v0i0.2001-1046.
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single high-dose of X-ray immediately after 
surgical resection of the tumor. Considering 
the significant reduction in the dermal side ef-
fects compared to the external radiotherapy, 
this technique is highly superior from the cos-
metic point of view. Also, single dose delivery 
decreases the treatment time and costs [4].

For those patients with breast cancer recur-
rence who have been treated once before, the 
breast tissue will not tolerate irradiation after 
the second surgery and hence, total mastec-
tomy is suggested. Partial breast irradiation 
during surgery is a new approach for these pa-
tients. It is believed that this method increases 
the effectiveness of restricted local re-irradia-
tion while the side effects are acceptable [5]. 
The skin and subdermal tissues are not irradi-
ated, resulting in a lower risk of fibrosis and a 
higher efficacy with IORT [6].

Considering the fact that a high dose is de-
livered in a single fraction of treatment, the 
evaluation of the radiation dose at the sensi-
tive organs like thyroid is necessary. The ab-
sorbed dose has been claimed to be associated 
with thyroid damage and cancer [7-9].

The current research provides a reliable 
method for the measurement of the ionizing 
radiation at the thyroid lobes and suggests a 
correlation between the dose at the thyroid 
lobes and the breast under treatment using 
TLDs at defined distances on the thyroid skin 
in 49 patients.

Due to the higher electron density of the 
TLDs compared to water, the 0.9 mm thick-
ness of the TLDs is assumed as 1 mm [10]. 

Material and Methods
A total of 49 women with breast cancer un-

dergoing IORT were enrolled in this cross-
sectional study with census sampling. An IR-
TABEAM® (ZEISS) machine containing an 
X-ray probe and a control unit (Photon Radio-
surgery System, PRS) along with a series of 
spherical applicators with the diameter ranges 
of 1.5-5 cm were used in this research. The ap-
plicator size was chosen considering the size 

of the void from tumor resection. The appli-
cator was placed directly onto the tumor bed 
(Figure 1: A-C). A homogeneous beam of 50 
Kv was produced at the probe tip. A 20 Gy 
dose was locally administered at the applica-
tor surface to the tumor bed. The duration of 
treatment depended on the applicator size. A 
minimums distance of 10 mm was created be-
tween the skin and the applicator surface using 
wet sterile gauzes when necessary [11].

Considering the tissue inhomogeneity 
around the treatment site, in vivo dosimetry 
provides a precise and accurate method to en-
sure the quality of measurement at the sensi-
tive thyroid tissue. TLD dosimeters are suit-
able tools for this type of measurement due to 
their small sizes [12]. Dose measurement at 
the thyroid lobes was performed using three 
TLD-100s in 2 cm distances from each other. 
Immediately after tumor resection, a single 
dose of 20 Gray at the applicator surface was 
delivered using 50KV X-ray by an Intrabeam 
machine. The applicator size is selected ac-
cording to the resected tumor size. The diam-
eters of these applicators range from 1.5-5 cm 
in 0.5 cm intervals. The duration of treatment 
depends on the applicator size as well as the 
delivered dose and it is between 8 and 45 min 
for a dose of 20 Gy. Sonography and mam-
mography images help to make a decision on 
the proper size of the applicator as well as es-
timating the distance from the applicator and 
the margins of the surgical incision. 

A set of three Lithium-Fluoride TLDs (Di-
mensions: 3.2×3.2×0.9 mm) was placed at the 
left and right lobes as well as the mid-thyroid 
line with 2 cm distance from each other (Fig-
ures 1: D and E). The TLDs were calibrated 
using 50 KV energy on an INTRABEAM ap-
paratus before use. For the first step, the el-
ement correction coefficient (ECC) was cal-
culated and then, the reader correction factor 
(RCF) was calculated from the reader ma-
chine. For the third step, the RCF constant for 
the Harshaw 3500 TLD reader was calculated 
using the TLD reader Vinerm software. The fi-
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nal step was calibrating the ECC for all TLDs.
The TLDs were annealed before irradiation 

to confirm the release of the residual dose 
from previous irradiations. The annealing pro-
cess was performed using and Ex.1200-12s 
electrical furnace (Exciton®) at 400 °C for 1 
h followed by 10 min incubation at room tem-
perature and another 100 °C treatment for 2 
h. The annealing was performed at least a day 
before irradiation.

After irradiation, the TLDs were read by a 
reader and the values were converted to dose.

Results
The dose at the right and left lobes of the 

thyroid gland as well as the mid-thyroid line 
was found to be 40.18±35.44 mGy (Max: 
135.82 mGy, Min: 4.57 mGy), 35.50±27.32 
mGy (Max: 118.62 mGy, Min: 5.55 mGy), 
and 40.61±32.47 mGy (Max: 132.23 mGy, 
Min: 8.41 mGy), respectively.

Student t-test showed that when the right 
breast was under IORT treatment, the right 
lobe of the thyroid gland received a signifi-
cantly higher dose of ionizing radiation com-
pared to the left lobe; when the left breast was 
under treatment, the left lobe of the thyroid ab-
sorbed a significantly higher dose of ionizing 

radiation compared to the right lobe, however, 
the difference was not statistically significant 
at the mid-thyroid line with any of the left or 
right breasts under IORT (Figure 2). 

Multivariate linear regression showed that 
increasing the applicator size showed an in-
creasing trend on the dose detected by TLDs 
at the thyroid gland (Figure 3).

Multivariate linear regression showed that 
increasing the applicator upper surface dis-
tance from the skin showed a decreasing trend 
on the dose detected by TLDs at the thyroid 
gland (Figure 4).

Based on the position of the tumor that we 
have considered a circle at the center of the 
nipple, the tumor was placed in one of the four 
positions of the inner and outer upper quadrant 
and the inner and lower quadrant. To illustrate 
the effect of tumor location on the thyroid re-
ceived dose, we measured the right and left 
lobes of thyroid with the upper-inner quadrant 
and lower-lateral quadrant of ipsilateral breast. 
Mean dose of right-sided thyroid lobe in right 
treated breast in two positions of the internal 
upper quadrant (78.3±37.73 mGy) and exter-
nal lower quadrant (48.24±26.38 mGy) and in 
left-sided thyroid lobe with left treated breast 
in two positions of the inner-upper quadrant 

Figure 1: The locations of A-C) Applicator and C-E) thermoluminescent detectors on the left and 
right lobes of the thyroid as well as the mid-thyroid line.
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(60.5±43.34 mGy) and the outer-lower quad-
rant (26.79±8.51 mGy) was obtained. As was 
expected, the applicator position had an effect 
on the thyroid dose received and when the po-
sition was near the thyroid, it received a higher 
dose (Figure 5).

Discussion
A major disadvantage of common radiother-

apy techniques is the received dose to healthy 
tissues and sensitive organs. During radio-

therapy for breast cancer treatment, a number 
of sensitive tissues are affected and injured as 
well. When performing an IORT, a high dose 
of irradiation is delivered to the target organ 
in a single fraction of treatment, and hence, in 
vivo dosimetry for sensitive organs and tissues 
is very important. The received dose to the 
thyroid gland in the breast cancer IORT tech-
nique has never been reported so far. In this re-
search project, we used TLD-100 to measure 
the received dose to each thyroid lobe as well 
as the mid-thyroid line. Our results showed 
that the dose each thyroid lobe receives is as 
low as ~40 mGy. Moreover, the breast under 
IORT is a determining factor in the received 
dose to each lobe. Also, the bigger the appli-
cator size is, the higher the thyroid dose will 
be. Moreover, the applicator depth (applica-
tor upper surface distance from the skin) has a 
slight negative impact on the dose detected at 
the thyroid gland.

Although all available patients undergoing 
breast IORT were enrolled during this study, 
as a limitation, the sample size to make a gen-
eral deduction to reach a mathematical for-
mula seems not to be enough yet. Also, the 
anatomical diversity in the breast size and vol-
ume, as well as the anthropometric indexes in 
the participants of this study has caused wide 

Figure 2: The dose at each thyroid lobe when 
each of the right or left breasts is under IORT 
treatment.

Figure 3: The relationship between the ap-
plicator size and the dose detected at each 
lobe of the thyroid gland as well as the mid-
thyroid line

Figure 4: The relationship between the ap-
plicator depth and dose detected at each 
lobe of the thyroid gland as well as the mid-
thyroid line.
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ranges of data resulting in big standard devia-
tions.

The effect of the breast side under IORT 
treatment on the dose detected at thyroid gland 
has never been reported in previous studies. In 
this study, we showed that the dose detected 
by each thyroid lobe is significantly depending 
on the side of IORT. This finding is expected 
as the distance from each side to the corre-
sponding lobe is lower and hence the dose at 
that lobe will be higher.

Also, as it was expected, our result confirmed 
that the bigger the applicator size is, the higher 
the detected dose of the thyroid gland will be. 
However, the applicator depth did not show 
any significant effects on the detected dose at 
the thyroid gland, although the applicator dis-
tance from skin showed a nonsignificant nega-
tive effect on the detected dose.

Conclusion
According to our findings, the dose received 

by each thyroid lobe in breast cancer IORT is 
as low as 40.18±35.44 mGy. This dose in each 
lobe depends on the breast side under treat-

ment, the applicator size, and at least to some 
extent, to the applicator depth. Further stud-
ies with different detectors like film dosime-
ters; bigger sample size, various organs under 
IORT especially at the facial area and etc. are 
suggested to confirm the outcomes of the cur-
rent study.
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