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Abstract

'l) Check for updates
A critical component of the radiation regimen for treating cancer patients is the precise dose
delivery to the treatment organ while minimizing the dose to the healthy tissue. This study aims
to evaluate in-field organ dose and dose distribution outside the target organs to estimate the
excess lifetime risk of second cancer. The study was carried out with a male Alderson Rando
Phantom. 20 sets of thermoluminescence dosimeters (MTS-100) were used in this study. The
in-field organs absorbed dose was measured by inserting TLDs at different geometrical depths
of the left lung, right lung, and stomach, and for peripheral organs skin dose TLDs were placed
at the surface of the corresponding organs. Target organs were irradiated at 100 cGy and 200
cGy by a ®Co teletherapy unit, and irradiated TLDs were read out by a RE-2000 TLD reader.
For precise dose delivery to the cancerous organs by ®°Co teletherapy, the depth dose correction
factor for lung cancer treatment is 0.8667 + 0.01, and for the stomach is 0.7856 + 0.017. In the
case of the treatment for the lung and stomach, the closest organs received significant doses
compared to the other distant organs. Thus, the risk of second cancer due to the peripheral dose
is obtained. The stomach is at the highest risk when the lung is the target and the liver is at the
highest risk when the stomach is the targeted organ.
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by the International Commission on Radiological Protection
[5]. Patients with primary cancers who undergo radiation
therapy may develop second cancers in tissues and organs
due to the outfield dose that was intended to be irradiated
[6]. Within a treatment field, primary radiation is responsible

Introduction

About 10 million deaths occurred due to cancer in 2020
and it is regarded as the second greatest cause of mortality
worldwide. External beam radiation is recommended for

roughly 50% - 70% of cancer patients in addition to other
forms of treatment like surgery and chemotherapy [1-4].

The central goal of radiotherapy is to destroy all tumor cells
while causing as little harm as possible to the surrounding
healthy cells, thereforethetherapeuticdoseis prescribed based
on a number of parameters including the type, size, location,
and staging of the lesion [1]. Radiation therapy is effective if
the tumor receives only the prescribed dose. This necessitates
precision in dose delivery of at least 3.5%, as recommended
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for the majority of the high radiation doses experienced by
inside organs The doses gradually decrease and are primarily
ascribed to stray radiation as the distance from the treatment
field grows and the organs get more distant from the treatment
field [7-10]. Secondary radiation sources such as photon
leakage through the treatment head of the accelerator (known
as "head leakage") scattered radiation from collimators, beam
modifiers, and internal patient scatter contribute to the small
amount of stray radiation that reaches the patient outside of
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the primary field [11-13]. In experiments, it was discovered
that the dose scattered from the patient's body is the primary
source of dosage close to the field edge, while leakage radiation
is responsible for the outfield dose at a farther distance from
the field edge [14]. Stray radiation doses are unavoidable and,
in some situations, non-negligible, despite the fact that they
are modest in comparison to therapeutic levels. The severity
of deterministic effects, such as cataractogenesis and the
danger of stochastic consequences, such as radiogenic cancer,
are both increased by exposure to stray radiation [12,15].
According to Diallo et al,, a significant proportion of second
malignancies (22%) developed in remote areas beyond the
treatment field, while the bulk of cancers (66%) develop in the
margin of the irradiated region or the "beam-bordering" zone
that is the closest to the target organ. In the field areas, fewer
cases of second cancer (12%) develop [16]. The lifetime risk
of a second cancer is strongly correlated with patient age, and
it is more likely to occur in the organs that are closest to the
target volume than in remote out-of-field organs. Because of
enhanced radiosensitivity, younger individuals were at higher
risk than older ones [17-21] Knowledge of both primary
and stray radiation is necessary for estimating the arisen
risk to organs such as second cancer risk [22]. Radiotherapy
Treatment Planning Systems (TPS) are not intended to be
used for out-of-field dosage estimations. Dose estimations
using TPSs are known to be poor, especially for out-of-field
areas [23-26]. The potential for calculating the risk of second
cancer from out-of-field doses has sparked renewed interest
in this area of research. Several new types of research highlight
the significance of accurate dosage monitoring. Out-of-field
exposure for photons (X-rays) increases with increasing
beam energy due to the creation of biologically hazardous
neutrons, and this dose is substantially larger for photons
than for carbon ions [24]. The research showed that the out-
of-field dosage was often underestimated by the treatment
planning system by 40% - 50% and that this underestimating
deteriorated with increasing distance from the field boundary
[2,7,8].

The goal of the current investigation was to determine how
much radiation should be delivered to the target tissues at
various depths using the conventional °Co source approach.

Methods and materials

The study fulfilled two major parts- (a) calibration of
thermoluminescence dosimeters (TLDs) and (b) measuring
the target organ doses and the skin dose of peripheral organs
of Alderson rando phantom using the calibrated TLDs.

The experimental measurements were performed by
using a male anthropomorphic Alderson Rando phantom
(Phantom Laboratory, Salem, New York) and LiF: Mg, Ti
thermoluminescence dosimeters (MTS-100, Mirion
technology, Germany) for dose measurement. These chips are
of size 4.5 mm in diameter and 0.9 mm in thickness and are
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irradiated by a known gamma source °Co teletherapy unit
(Best Theratronics, Ottawa, Ontario, Canada).

Calibration of TLD

TLDs have been calibrated in the air for low dose levels
and in tissue equivalent water phantom for high dose levels
following the IAEA calibration formalism [27,28]. TLDs have
been calibrated on the skin surface of the Alderson Rando
phantom to measure the Entrance Surface Dose (ESD) of
outfield organs of the Rando phantom. Initially, calibration
was carried out in the air for low dose levels [27,28]. In this
method, dosimetry of 20 sets of TLDs was carried out in the
air on the skin of Alderson rando phantom and was exposed
by ¥Cs source to 1, 2, 3, 4, 5, 10, and 20 mSv dose. TLDs
were read out by a RE-2000 TLD Reader (RE-2000, Mirion
technology, Germany).

Again, to measure the organ dose of Alderson rando
phantom at different depths, TLDs have been calibrated in
tissue equivalent water phantom using a ®Co teletherapy
beam [27,28]. Reference dosimetry was done in IAEA water
phantom (300 x 300 x 300 mm, wall thickness is 15mm)
using IBA FC65-G Farmer chamber (0.65 cm?) in the reference
condition (field size: 10 x 10 cm?, SSD: 100 cm, Chamber at
depth: 5 cm). TLDs were set in a plastic plate hole, and covered
by latex to ensure the TLD plate was waterproof. Finally, TLDs
were irradiated ®°Co beams following the reference dosimetry
for 50 cGy, 100 cGy, 150 cGy, and 200 cGy. The calibration
factor of individual TLD was determined for each dose level.

Dose measurement

To measure the target organ dose and skin dose of
corresponding peripheral organs of AR phantom were
performed for the lung (left lung & right lung) and stomach.
The phantom is transacted horizontally into 2.5 cm thick
slices having a total of 36 slices. Each slice has holes plugged
with bone, soft-tissue, or lung-tissue equivalent pins which
could be replaced by TLDs. When the left and right lungs were
the target organs, a central lung slice (phantom slice #16)
was chosen as the target slice (Figure 1). And in the case of
the stomach, two middle slices of the stomach (slice no. 20
and 21) were chosen as targeted slices (Figure 2). For dose
distribution of target organs, TLD was placed in the defined
slice of target organs at different depths to measure the
distribution of in-field targeted organ dose and to compare
the dose with the standard dose.

Other TLDs were placed on the surface of defined organs
of Alderson Rando phantom for out-of-field dose. After
positioning the TLDs in specified geometry, each target organ
was irradiated separately by ¢°Co teletherapy unit at 100 cGy
and 200 cGy doses atreference 10 x 10 cm?field size (Figure 3).
The target organs absorbed dose at different depths is
calculated for each dose level by [29].
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Slice no.-15

Figure 1: Inner view of lung targeted slice of Alderson rando phantom with TLDs.

Slice no.-16

Slice no.- 17

Slice no.-20

Figure 2: Inner view of stomach targeted slice of Alderson rando phantom with TLDs.

Figure 3: Irradiation of Alderson Rando phantom by 60 Teletherapy unit.

Absorbed dose = TLD response dose x TLD calibratin factor

The peripheral entrance surface dose of respective organs
was calculated by multiplying the TLD response dose by the
corresponding TLD calibration factor after the irradiation of
the Alderson rando phantom by 100 cGy and 100 cGy.

Results and discussions

Figure 4 shows the variation of crystal sensitivity of 20 sets

Slice no.-21

of TLDs at 2 mSv exposures by the *’Cs source in the same
manner as the calibration process in the air. The uncertainty
of the variation of crystal sensitivity of our TLDs is 0.21%.
Again, Figure 5(a) shows the dose-response curve of TLDs in
water for 50 cGy, 100 cGy. 150 cGy and 200 cGy doses have
an uncertainty of 1.976% within the recommended limit of
3% - 5% [30]. Figure 5(b) shows the calibration curve of TLD-
100 in the air for 1, 2, 3, 4, 5, 10, and 20 mSv dose levels. It
was found that dose-response linearity is very close to unity
having an uncertainty of 1.04%.
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www.physicsresjournal.com m



Studies of dose distribution to Lung and Stomach and Estimation of Second Cancer Risk due to Outfield Dose in Radiotherapy with ®°Co

Teletherapy Beam

5

1.4
E) @ Crstal sensitivity
g~ 1.2 1
S 17575%1 TI}II‘E%IIT
§l(] §YT‘?* Y §2111 ITTY ¢
£o0.8
e
© 0.6+
0.4 - - - .
0 4 8 12 16 20
No. of TLD

Figure 4: Variation of crystal sensitivity of each TLD.

a)

7
=
s

v= 1.25326x-5.53

R2= 0.99866
200

Dose Response ( ¢Gy)

o
=
L

60 90 120 150 180 210
Dose (cGy)

b)
= 201 v= 0.98625x+0.0349
GE 161 R2=0.99985
2
£ 124
=
& 84
2
£ 4
0 : - v ;
0 4 8 12 16 20

Dose (mSv)

Figure 5: (a) Calibration curve of TLD when exposed to water at ®°Co teletherapy beam and (b) calibration curve of TLD when exposed to air at '*’Cs.

Comparison between measured and calculated value
of target organs absorbed dose at different depths

The dose distribution of target organs (lung) at different
depths was measured by inserting the TLDs at 15, 16 & 17
slices of the left, and right lung, and for the measurement of
dose distribution of stomach at different depths, TLDs were
placed at 20 & 21 no. slices of Alderson rando phantom for
10 cm x 10 cm field size. The measured dose was compared
with central axis depth dose data for 10 cm x 10 cm filed size
using a ®°Co beam [31]. Figures 6-8 show that the dose at the
target organ (left lung, right lung & stomach) is the function
of the depth. The dose decreased with the increase in the
depth value. The TLD-measured dose is always less than the
calculated standard dose. Figures 6-8 show the variations of
absorbed dose with depth when both thelungs and stomachare
irradiated at 100 cGy and 200 cGy doses and this study reveals
that; the measured dose is lower than the calculated standard
dose for both lungs and stomach. The ratio of the measured
dose and the standard dose is (0.75 - 0.96) for the left lung and
(0.84 - 0.90) for the right lung which are close to 1. The study
demonstrates that the depth dose correction factors for the
treatment of the left lung and right lung using ¢°Co beam are
0.8567 + 0.0225 and 0.8768 + 0.0072 respectively. The study
carried that the depth dose correction factor is 0.8667 + 0.01
for lung treatment using a ¢°Co teletherapy unit. The ratio of
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the measured dose and the calculated dose lies between (0.6 -
0.88) for the stomach. The study demonstrated that the depth
dose correction factor using a ¢°Co teletherapy beam for the
treatment of the stomach is 0.7856 + 0.017.

Figures 6-8 show that, almost in every case, the measured
dose is lower than the calculated. This underestimation of
the measured dose might be due to the higher scattering of
the photon beam [11,13,20]. The standard value is calculated
using tissue equivalent material but the human body is rich in
water molecules due to which a deviation is observed in the
comparison Figures. But the ratio of the measured dose and
the calculated dose is close to unity. This underestimation of
the measured dose might be due to the higher scattering of the
photon beam [11,13,20].

The pattern of underestimation of absorbed dose at
different depths is not the same. Since Figure 1 shows that
the sensitivity of all the TLDs is not the same and few TLDs
are more sensitive to photon irradiation. These dosimeters
show higher doses than the other dosimeters. Due to this
inhomogeneity of crystal sensitivity of TLDs, the absorbed
dose pattern might not be the same at different depths in three
different cases. The study shows that the lung tissue absorbed
higher radiation than the other target organs' stomach. Since
the lung cavity is full of air, which has a lower density (0.3 g/
cm?) than the normal tissue, it received a higher dose [32].
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Figure 8: TLD dose and the calculated dose as a function of depth for the stomach.

Measurement of field organs entrance surface dose

Tables 1-3 represent ESD received by the outfield organs
when the left lung, right lung, and stomach respectively are
irradiated at 100 cGy, 200 cGy dose by ¢°Co teletherapy unit.
In the case of lung irradiation, the other parts of the lung
and the closest organs of the lung: liver, colon, stomach, and
thyroid received a significant amount of radiation than the
distant organs. In the case of stomach irradiation, the dose
received by the closer organs, lung, liver, kidney, and colon is
significant as compared to the distant organs eye, and thyroid.

https://doi.org/10.29328/journal.ijpra.1001063

The outfield dose is the highest in the stomach when the
lung is the targeted organ. As the left lung is nearer to the
stomach than the right lung, ESD for the stomach is greater
due to the left lung than the right lung. In this study, the dose
distribution of different targets was investigated for the
purposes of accurate dose delivery to the cancerous organs
using traditional radiotherapy technique and considering the
importance of second cancer risk estimation in out-of-field
organs in patients who have radiation therapy treatment, the
outfield dose of non-target organs was measured.
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Table 1: Entrance surface dose received by the outfield organs for the target organ
left lung.

Entrance surface dose (cGy)

Slice No. of

- Organs For 100 _cGy For 200 f:Gy
irradiation irradiation
4 Left Eye 2.10 2.30
4 Right eye 1.71 2.04
10,11 Thyroid 14.16 20.62
16 Right Lung 44.52 62.03
20 Stomach 65.62 96.60
20 Liver 15.48 20.53
20,21 Spleen, Left Kidney 5.42 7.95
22,23 Pancreas 247 3.28
28 Colon 24.63 33.12
32 Urinary Bladder 6.94 6.78

Table 2: Entrance surface dose received by the out-of-field organs for the target
organ's right lung.

Slice No. of Entrance surface dose (cGy)
Organs

phantom 100 cGy 200 cGy
4 Left Eye 1.53 1.48
4 Right eye 1.14 1.96
10,11 Thyroid 10.87 18.96
16 Left Lung 31.60 48.94
20 Stomach 34.50 59.21
20 Liver 19.28 34.64
20,21 Spleen, Left Kidney 2.37 3.25
22,23 Pancreas 2.75 4.58
28 Colon 17.59 25.46
32 Urinary Bladder 4.27 5.13

Table 3: Entrance surface dose received by the out-of-field organs for the target
organ stomach.

Slice No. of Entrance surface dose (cGy)
Organs
phantom 100 cGy 200 cGy
4 Left Eye 0.80 0.92
4 Right Eye 0.72 1.01
10,11 Thyroid 5.95 9.72
16 Right lung 33.15 53.13
16 Left lung 40.69 64.29
20 Liver 34.29 96.35
23 Right kidney 6.40 13.57
23 Left kidney 11.23 14.77
28 Colon 31.38 51.46
32 Urinary Bladder 4.93 07.32

Table 4: Estimating the risk of second cancer for 200 cGy.
Highest Dose

Peripheral Dose(mSv) Estimated Risk

flareetiean Received by organ for 200 cGy Factor (x 10?)
Left Lung Stomach 96.60 139.1
Right Lung Stomach 59.21 85.6
Stomach Liver 96.35 138.7

Second cancer risk estimation

The Linear No-Threshold (LNT) model describes a
relationship between the risk of harmful effects and the
amount of exposure to ionizing radiation. The cancer risk
coefficient predicted from the LNT model is 4.8 x 10* per
rem [33]. Conventionally fractionated radiotherapy regimens
are 4500 cGy to 6000 cGy given in 180 cGy to 200 cGy daily
fractions, over five to six weeks [34-38]. To consider the
highest possible risk of second cancer, the highest ESD is used
for the risk estimation for the delivered dose of 200 cGy. Table

https://doi.org/10.29328/journal.ijpra.1001063
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4 shows the risk estimation of second cancer for the delivered
dose of 200 cGy.

Conclusion

We calculated the depth dose correction factor for the ®°Co
teletherapy unit and assessed the dose distribution at several
target organs, including the left lung, right lung, and stomach,
kidney. This might be beneficial for delivering a precise dosage
to malignant cells. Due to the scattering of the delivered beam,
a less amount of dose than the prescribed reach to the target
area, and this undue radiation is absorbed by the organs
margined to the irradiated region. It demonstrated that; for
accurate treatment and precise dose delivery to the cancerous
organs by °°Co teletherapy a depth dose correction factor is
needed. The study also calculates the entrance surface dose
for outfield organs and late consequences in healthy tissue in
the future i.e. the risk of second cancer using the LNT model.
As expected, our study results that the organs (liver, colon,
stomach, thyroid for lung irradiation and lung, liver, kidney,
and colon for stomach irradiation) closest to the target area
received a significant amount of higher radiation than the
distant organs. These organs also had a greater lifetime
chance of developing a second cancer. The estimated risk
factors are 139.1 x 103, 85.6 x 10 and 138.7 x 103 when the
left lung, right lung, and stomach were irradiated by 200 cGy
respectively. To reduce excessive radiation when treating one
portion of the lung, a shielding approach should be used in
the remaining portion of the lung. Additionally, the kidney,
pancreas, and other nearby organs should be protected while
treating the stomach. The shielding technique should be used
on delicate organs as well, such as the eyes. In impoverished
nations like Bangladesh, °°Co teletherapy has shown to be the
most effective kind of radiation treatment. Therefore, it will
be crucial to investigate the precise dose delivery to the infield
organs and to estimate the long-term danger associated with
utilizing a °°Co teletherapy beam. Our results can be of interest
for the dose estimations delivered in healthy tissues outside
the treatment field for the radiotherapy patient, as well as in
studies exploring radiotherapy’s long-term effects.
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