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Abstract

Computed tomography (CT) examinations have been increasingly requested and become the major sources of patient expo-
sure. The cancer risk from CT scans is contingent upon the amount of absorbed dose of organs. This study aims to determine
the organ doses and risk of cancer incidence and mortality from CT examinations at high dose (cumulative effective dose,
CED > 100 mSv) in a single day to low dose (CED < 100 mSv) from common CT procedures. Data were gathered from two
academic centers of patients aged 15 to 75 years old performed CT examinations during the period of 5 years. CED and organ
dose were calculated using Monte Carlo simulation software. Lifetime attributable risk (LAR) was determined following
Biological Effects of Ionizing Radiation (BEIR) VII report based on life table and baseline cancer rates of Thai population.
At high dose, the highest LAR for breast cancer incidence in young female was 82 per 100,000 exposed patients with breast
dose of 148 mGy (CT whole abdomen). The highest LAR for liver cancer incidence in male patient was 72 per 100,000
with liver dose of 133 mGy (multiple CT scans). At low dose, the highest average LAR for breast cancer incidence in young
female was 23 per 100,000 while for liver cancer incidence in male patients was 22 per 100,000 (CTA whole aorta). Even
though the LAR of cancer incidence and mortality was less than 100 per 100,000, they should not be neglected. The risk of
cancer incidence may be increased in later life, particularly in young patients.
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1 Introduction modality worldwide. From 2009 to 2018, the part of CT

had been contributed 9.6 percent of all modalities, and the

The man-made source of ionizing radiation continues to
be the most common application of radiation in medicine,
especially in diagnostic imaging modalities, including radi-
ography, fluoroscopy, computed tomography (CT), mam-
mography, and interventional radiology [1-3]. The United
Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) 2020/2021 [4] reported the distribu-
tion of examinations and radiation dose by medical imaging
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collective effective dose was 61.6 percent. National Council
on Radiation Protection and Measurements (NCRP) pub-
lication 184 [5] reported the trend of CT examinations in
the US increased by 20 percent per year. CT examinations
had consistently increased since 1993 from 18.3 million,
reaching a peak of 85.3 million in 2011 and then stabilizing,
slightly decreased to 73.8 million procedures in 2017. The
evolution of CT systems provide good quality imaging, fast
gantry rotation time, high temporal resolution, and become
an essential examination for diagnosis and follow-up of the
diseases [6—8]. The significant impact of the expansion of
imaging procedures, the number of examinations, and the
frequency of repeated imaging led to a high cumulative
effective dose and increased cancer risk [9-11]. The risk of
radiation-induced cancer is dependent on the age at expo-
sure, gender, the type of examinations, as well as the organs
absorbed dose [12-14].
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Biological effects of ionizing radiation (BEIR) VII Phase
2 [1] developed the risk model based on the primary source
of epidemiological data from the Japanese atomic bomb
survivors to estimate lifetime cancer incidence and mortal-
ity risks from exposure to low linear energy transfer (LET)
radiation. Cancer risks were determined based on either
excess relative risk model (ERR) or excess absolute risk
model (EAR) adjusted for age at exposure, attained age, and
gender. The risk models were applied to leukemia and solid
cancer, according to the cancer sites as a function of organ
dose in a unit of mGy. Furthermore, the linear no threshold
model (LNT) was established as the association between low
dose exposure and the risk of cancer occurring linearly with-
out thresholds. This indicates that even the small amount of
radiation could increase the risk of cancer in the later life
[1,2,15, 16].

The cancer risk assessment of solid cancer incidence and
mortality for low LET radiation was derived from the study
of acute exposure at high dose and dose rates, then extrapo-
lated to lower dose and dose rates. Consequently, the risk
model embedded within the correction factor, the dose and
dose-rate effectiveness factor (DDREF). DDREF represents
the ratio between risks at high-dose or high-dose rates and
low-dose or low-dose rates, BEIR VII report proposed a
DDREF of 1.5 [1, 17, 18].

BEIR VII report classified low dose range from close to
zero to 100 mSyv, and the high dose from more than 100 mSyv.
Several publications reported that the risk of cancer from
ionizing radiation is dependent on the amount of radiation
dose [1, 2, 19, 20]. At low dose, radiation risk is associated
with stochastic effect or cancer induction based on epide-
miological data from Japanese atomic bomb survivors. The
Radiation Effects Research Foundation (RERF) in Japan
reported solid cancer has been found in 60 percent of sur-
vivors receiving radiation dose less than 100 mSv. In addi-
tion, the risk of cancer incidence increased linearly in high
dose range when the effective dose exceeded 100 mSv [1,
18-21]. The cumulative effective dose (CED) of 100 mSv
and above become more evidence, particularly from the CT
scans of the chest, whole abdomen, and pelvis [15, 22-24].
Therefore, the radiation exposure delivered to patients by
CT should be emphasized and concerned with long-term
risk [25-27]. Although a single procedure typically offers a
low dose, there is a concern that pediatric and young patients
may obtain repeated CT exams over time [1, 28-30].

Many publications showed the risk of cancer from vari-
ous CT protocols, such as abdomen, chest, head, and heart,
were estimated by linear interpolation method as described
in BEIR VII table 12D-1,2 [15, 24, 31]. Lim H et al. [32]
determined the risk of cancer incidence and mortality
from medical radiation imaging using Korean background
cancer incidence and mortality. Harbron RW et al. [27]
reported cancer risks attributable to radiation exposure from

cardiac catheterizations based on UK background cancer
rates. A few studies reported LAR applied to the popula-
tion based on life table and baseline cancer rate receiving
high to low radiation dose [3, 27, 32, 33]. Therefore, this
study aims to determine the organ absorbed dose and risk
of cancer incidence and mortality from CT examinations
at high dose (CED > 100 mSv) in a single day to low dose
(CED < 100 mSv) from the common CT procedures. The
study utilizes the BEIR VII model and abridged life table
data as well as baseline cancer incidence and mortality rates
for the Thai population.

2 Materials and methods

2.1 Data population and radiation dose
determination

The retrospective study was approved by the Institutional
Review Boards (IRB) from two academic centers. The data
were collected from the adult patients aged 15 to 75 years
old who underwent CT examinations for a period of five
years from January 2018 to December 2022. The patient data
was divided into two age group: below 40 years old—called
young patients, and above 40 years old—called elder patients.
The patient data and patient dose were collected from digital
imaging and communications in medicine (DICOM) header
and commercial software, Radimetrics™ Enterprise Plat-
form (Bayer HealthCare, Whippany, NJ, USA). Modern CT
equipment: model Aquilion Prime 80 detector rows (Canon
Medical Systems, Otawara, Japan), model Brilliance iCT
256 Slice (Philips Healthcare, Cleveland, OH, USA), model
Revolution Apex 256 detector rows, Revolution 256 detec-
tor rows (GE Healthcare, Milwaukee, WI, USA) and model
SOMATOM Force dual-source 192 detector rows (Sie-
mens Healthineers, Forchheim, Germany) had been used to
acquire and process the medical imaging in this study.

Radimetrics™ Enterprise Platform provides several
measures of radiation dose from CT scan, encompassing
organ dose and effective dose estimations obtained using
Monte Carlo simulations. The patients are represented as
stylized phantoms, where the organs are modeled using sim-
ple geometric shapes described by mathematical equations.
The organ dose is calculated from the ratio of the simu-
lated organ dose to the simulated CTDI,,; multiplied by the
reported CTDI,, [34].

The verification of the accuracy of the volume com-
puted tomography dose index (CTDI,,,) displayed on the
CT scanner monitor was conducted using two cylindrical
phantoms made of polymethyl methacrylate (PMMA) of
16 and 32 cm in diameter with 15 cm length. A pencil
ionization chamber (IC) with a sensitive length of 100 mm
was utilized for CT dosimetry. The measured CTDI,, was
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obtained by axial scanning of each cylindrical phantom
with IC insertions at various kVp values from 80 to 140.
The measured and the displayed CTDI,,; were compared
with the acceptable limit at +20%.

The radiation-induced risk of cancer incidence and mor-
tality in high dose range were evaluated from the patients
who received the CED at 100 mSv and above in a single
day. To estimate the cancer risk from the low dose range,
CED below 100 mSv, from common CT procedures of
brain without and with contrast enhanced phase, chest with
contrast-enhanced phase, whole abdomen with triphasic
phased including without contrast enhanced, arterial and
portal phase, and angiography of whole aorta, without
contrast, arterial and delayed phase had been acquired.
The protocols were designed by the radiologists based on
the patient clinical indications. The patient effective dose
(mSv) and the organ dose (mGy) calculated from Monte
Carlo (Radimetrics™ Enterprise Platform) simulated the
organs of lungs, liver, colon, breast, uterus, and brain had
been used to estimate the risk of cancer.

2.2 Lifetime attributable risk (LAR) estimation

LAR was determined according to the BEIR VII report [1]
which provided model and parameters for specific organs
of each gender including parameters of age at exposure,
attained age, organ dose and dose and dose rate effective-
ness factor (DDREF). LAR of cancer incidence and mor-
tality in each patient, including the organ doses of lung,
liver, colon, uterus, breast, and brain were estimated using

Egq. ().
LAR(D, ) = ZZ"’“M(D, e, a).5(a)/S(e) )

LAR is defined as the summation from a equals e+ L to
a,..» Where a is attained age (years), a,,,, 1S maximum age
(80 years), L is a risk-free latent period (5 years for solid
cancers), e is the age at exposure (15 to 75 years), D is an
organ dose, and S(a)/S(e) is the conditional probability of a
person alive and cancer-free at age-at exposure, e, to reach
at least an attained age- a, obtained from abridged life table
provided by National statistical office of Thailand [35]. M
(D, e, a) is the excessive cancer risk model, which can be
calculated using relative risk transport and absolute risk
transport based on the excess relative risk (ERR) model and
the excess absolute risk (EAR) model from Eq. (2) to (5).

Excess for cancer incidence risk:

M(D,e,a) = EAR(D, e, a) 2)

M(D,e,a) = ERR(D, e,a)A;(a) 3)
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Excess for cancer mortality risk:

M(D, e,a) = EAR(D, e,a)Ay(a)/ A,(a) 4)

M(D,e,a) = ERR(D, e,a)A(a) 4)

where EAR and ERR are models from BEIR VII, 1,(a) repre-
sents sex and age specific of baseline cancer incidence rates,
whereas the 4,,(a) represents sex and age specific cancer
mortality rates obtained from cancer statistics Thailand for
the year 2020, published by the World Health Organization
(WHO), International Agency for Research on Cancer [36].

According to the models established based on the data of
Japanese atomic bomb survivors, which the baseline cancer
rates differ from other populations. In this case, the applica-
tion of risk estimates to a U.S. population was considered. The
BEIR VII committee [1] provides estimates for various can-
cer sites, employing two assumptions; relative risk transport,
the excess relative risk, ERR is proportional to baseline risks,
and absolute risk transport assumed that the excess absolute
risk, EAR is unrelated to the baseline risks. The weighted esti-
mates had been proposed, taking into account the uncertainty
of transporting risks.

For the estimation of LAR, the risk-transfer weight or
weighting factor was obtained with EAR and ERR transport
models for the site of solid cancers (liver, colon, uterus, and
brain), BEIR VII recommended a weighting factor(w) of 0.7.
The weighting factor(m) of 0.7 was estimated using ERR trans-
port and 0.3 to estimate using EAR transport. For lung cancer,
the weighting factor was reversed, 0.7 for the EAR transport
and 0.3 for the ERR transport. The LAR of breast cancer was
estimated based on the EAR model.

For the LAR estimation, the ERR and EAR models were
combined via the weighting factor(w) as expressed in Eq. (6),
and subsequently adjusted by dividing DDREF of 1.5, as sug-
gested by the BEIR VII report.

LAR = (LARyg)” X (LAR ) ™ (6)

2.3 Statistical analysis

All statistical analyses of patient demographic data and patient
dose were calculated by SPSS version 22 IBM, New York,
USA. R Studio version 1.4.1103 has been used to calculate
the cancer risk. LAR was compared between female and male
patients using independent t-tests, with a statistical signifi-
cance of p-value <0.05 based on 2 tailed tests.
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3 Results
3.1 Verification of the displayed CTDI,,

The CTDI,,, displayed on the monitors of the five CT
scanners was verified by comparing the displayed and
measured CTDI,. All of them were within +20%, which
is the acceptable limit of the difference [37].

3.2 Data population

For a period of five years, 285,286 CT examinations had
been collected by two academic centers in Thailand. The
majority of CT examinations were CT chest (27.2 percent),
whole abdomen (20.3 percent), brain (13.3 percent), and
vascular (9.0 percent). The rest of the CT examinations
were extremities, spine, cardiac, and neck, at 30.2 percent
in total.

3.3 Radiation dose and LAR

The number of patients who underwent CT examinations
and receiving high dose, CED 100 mSv and above in a single
day was 27, accounting for 0.009 percent of total 285,286
CT examinations. 7 of 27 were young patients with the age
below 40 years old, and 20 of 27 were elder patients, with
the age above 40 years old. The acquisition protocols for
patients following the multiple CT scans in 6 cases (22.2
percent) include 1 case of CT C-spine, whole abdomen, CTA
neck and CTA chest, 1 case of brain, neck and whole abdo-
men, 1 case of brain, C-spine, and whole abdomen, 1 case
of brain, C-Spine, CTA run off of upper extremity, 1 case of
shoulder, chest and whole abdomen, and 1 case of CTA run
off of lower extremity, chest and whole abdomen, 6 cases
(22.2 percent) of whole abdomen, 3 cases (11.1 percent)
of chest and whole abdomen, and 3 cases (11.1 percent) of
angiography of the thoracic aorta were included. The rest
consisted of 9 cases (33.3 percent) of single procedure.

The common CT procedures including brain, chest, whole
abdomen, and angiography of the whole aorta were clas-
sified by gender. The mean CED + S.D. in young patients
of CT brain in female (118 patients), male (25 patients)
was 5.4+0.6 and 6.0+0.7 mSv, CT chest in female (180
patients), male (89 patients) was 9.9+2.6 and 8.5+2.2
mSv, CT whole abdomen in female (33 patients), male (30
patients) was 29.5+9.8 and 22.9 + 8.1 mSv and angiography
of the whole aorta in female (21 patients), male (97 patients)
was 37.9 +13.6 and 34.3 +10.2 mSv respectively.

Table 1 shows the demography of young patients (3
females, 4 males) receiving high dose with age range of

Table 1 Patient demography and organ dose from CT examinations to young patients in the high dose

CED (mSv) Organ dose (mGy)

CT Protocols

Clinical indications

Patient No  Age(years) /gender Body

Weight,
kg

73

55

Brain

Uterus

Colon Breast

Lung Liver

183.1 201.2 125 193.7 0.2
74

37.0
179.9
160.4

121.3

Upper abdomen

Cryptogenic cirrhosis for liver transplantation

38/Female

2.5
117.2

36.7 151.5

159.0

103.8
110.4

Takayasu arteritis with severe aortic regurgitation CTA thoracic aorta with gated

35/Female

133.2 112.6

Brain/ C-spine/ CTA Run off
arterial upper extremity

Whole abdomen

80 Motorcycle accident

22/Male

0.4
0.1

1129 1476 1013
142.5

130.7
130.9

149.8
155.9
142.7
139.3

111.8

109.1

R/O renal mass

188

122

22/Female

69.4

107.2
106.7
100.2

Whole abdomen

KUB
KUB

Fatty liver and R/O renal calculi

R/O KUB stone
F/U of KUB

35/Male
31/Male
39/Male

0.2

85.8

135

0.1

58.6

130
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22-39 years old, comprising the age at exposure, gender,
body weight, clinical indications, CT protocols, CED
(mSv) and organ doses (mGy) included the lungs, liver,
colon, breasts, uterus, and brain.

Among elder age group receiving high dose, the
mean + S.D. (range) organ dose of the 20 patients (12
females, 8 males) were: lung 152.7 +78.5(38.7-313.4)
mGy, liver, 164.0 +£38.6(120.7-246.4) mGy,
colon, 105.4 +£62.3(5.8-226.8) mGy, breast
147.9 £ 76.5(16.1-305.9) mGy, uterus,
79.8 £57.7(1.5-166.1) mGy, and brain,
19.9+39.6(0.1-153.3) mGy. The mean CED + S.D. (range)
of elder age group was 115.7+15.2(101.5-159.9) mSv.

Table 2 shows the average organ dose (mGy) in young
patients as classified by gender, from common CT proce-
dures including brain, chest, whole abdomen, and angiog-
raphy of the whole aorta.

Table 3 illustrates LAR of cancer incidence and mortality
from CT examinations to young patients in the high dose
range provides LAR per 100,000 for cancer incidence and
cancer mortality in 6 sites, along with 7 patients. The highest
LAR for breast cancer incidence in young female was 82 in
100,000. The highest LAR for liver cancer incidence in male
patient was 72 in 100,000.

Table 4 shows CT whole abdomen examinations per-
formed with multiple-phase studies comprising of without

Table 2 Average organ dose (mGy) to young patients in low dose from common CT procedures

Organ dose (mGy) CT Procedures

Brain (Mean + SD) Chest (Mean +SD) Whole abdomen Angiography of the whole

(Mean +SD) aorta (Mean +SD)

Gender Female Male Female Male Female Male Female Male
Lung 09+0.2 1.0+0.2 18.1+4.6 18.9+4.9 18.8+11.1 14.0+6.9 475+15.7 523+152
Liver 0.1+0.01 0.1+£0.01 15.8+3.8 16.5+4.2 46.2+14.1 39.8+13.7 444+15.6 48.0x14.2
Colon 0.01+0.001  0.01+0.002 25+17 32+19 434+163 348+11.6 350157 351+12.0
Breast 03+0.04 - 162+46 - 11.8+140 - 445+158 -
Uterus 0.01+0.002 - 0.5+03 - 385+159 - 31.5+165 -
Brain 105.7+10.7 100.2+11.2 02+0.1 0.1+0.1 0.03+0.02  0.01+0.01 75+7.3 7.6+5.6

Table 3 LAR of cancer incidence and mortality from CT examinations to young patients in the high dose

Patientno  Age(y) /gender  LAR per 100,000 of cancer incidence LAR per 100,000 of cancer mortality
Lung Liver Colon Breast Uterus Brain Lung Liver Colon Breast Uterus Brain

1 38/Female 9.2 30.9 51.6 6.1 9.4 0.01 8.0 30.0 25.6 2.7 55 0.01
2 35/Female 450 273 9.6 772 0.4 0.3 39.2 26.4 4.7 34.0 0.2 0.2
3 22/Male 324 715 70.9 - - 16.9 28.0 70.3 344 - - 14.1
4 22/Female 38.1 34.1 39.9 82.4 8.2 0.1 329 32.7 19.5 354 4.2 0.1
5 35/Male 10.4 62.7 67.0 - - 0.01 9.0 61.7 329 - - 0.01
6 31/Male 12.7 57.6 61.4 - - 0.02 11.0 56.7 30.0 - - 0.01
7 39/Male 8.6 53.8 59.7 - - 0.01 7.5 53.1 29.7 - - 0.01
Table 4 LAR for cancer incidence and mortality from CT whole abdomen in the high dose
Patient No  Age(y) /gender  Body LAR per 100,000 of cancer incidence LAR per 100,000 of cancer mortality

Weight,

(kg)g Lung Liver Colon Breast Uterus Lung Liver Colon Breast Uterus
1 52/Female 160 8.3 19.7 352 2.7 49 74 19.2 18.6 1.2 3.6
2 73/Male 70 2.1 7.7 10.9 - - 1.9 7.8 8.0 - -
3 70/Female 110 7.7 8.1 10.3 4.8 1.1 7.3 8.1 7.6 3.0 0.9
4 22/Female 188 38.1 34.6 40.0 82.4 8.2 329 327 19.5 354 4.2
5 35/Male 122 104 62.7 67.0 - - 9.0 61.7 329 - -
6 70/Male 145 4.6 25.0 332 - - 42 25.2 24.3 - -
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contrast enhanced, arterial, portal, and delayed-phase scan-
ning, had a significant contribution in patients receiving
high dose, CED 100 mSv and above. The mean CED +S.D.
(range) of 6 patients was 114.5+22.5(101.5-159.9) mSv
while the organ dose of the lung was 74.3 +23.8(38.9-111.8)

mGy, liver, 162.7 +38.1(140.5-239.5) mGy,
colon, 156.9 +38.9(112.9-226.8) mGy,
breast, 89.9 +67.3(16.1-147.6) mGy, uterus,

133.1+32.4(101.3-166.1) mGy. The LAR of 6 subjects was
influenced by the age of exposure, gender, body habitus and
amount of absorbed dose of internal organs. LAR of lung,
liver, colon, breast and uterus of incidence were marginally
greater than mortality cancer.

Table 5 is presented in LAR for cancer incidence and
mortality of male and female among young patients under-
going common CT procedures. A significant difference was
observed in LAR for lung, liver, and colon cancer incidence
and mortality between females and males from CT brain and
angiography of the whole aorta (p <0.05), except for LAR
of brain cancer incidence and mortality. Whereas the LAR
of all solid cancers from CT whole abdomen and chest was
significantly different between females and males (p < 0.05).

Figure 1 illustrates the distribution of LAR for solid
cancer incidence per 100,000 including lung, liver, colon,
breast, and uterus from high CT dose categorized by gender
across 27 patients (15 females, 12 males). The median LAR
of lung in females and liver in males was higher than the
other solid cancers.

Figure 2 depicts the relationship between age at exposure
and LAR of lung cancer incidence per 100,000 of patients

conducted by common procedures of CT chest examinations
(759 females, 448 males). The average lung dose for females
and males was 18.1 +4.6 mGy and 18.9 +4.9 mGy, respec-
tively. The mean+ S.D. of LAR for lung cancer incidence
of young females and males from CT chest examinations
was 5.0+ 1.4 and 3.4 + 1.0 per 100,000 respectively. LAR is
greater in young patients, notably females with higher than
males, and declined with the increasing age of exposure.

4 Discussion

In this study, the radiation induced patient cancer risk from
CT examinations at high dose (=100 mSv) in a single day
to low dose (< 100 mSv) in the common procedures had
been estimated in terms of LAR. The ERR and EAR models
had been calculated and adjusted by DDREF in females and
males of different cancer sites including lungs, liver, colon,
breast, uterus and brain based on abridged life table and
baseline incidence and mortality cancer rates of the Thai
population.

Even though the percentage of patients received CED
100 mSv and above in a single day per all CT examina-
tions, 27 from total 285,286 CT examinations, was 0.009,
the highest distribution was among the young patients.
37 percent (10 patients) was less than 50 years old; 33
percent (9 patients) was 51-65 years old, and 30 percent
(8 patients) was over 65 years old. Brambilla M et al. [38]
reported different patterns with the highest distribution
of greater than 65 years old of 229 patients (64 percent)

Table5 LAR for incidence and mortality cancer to young patients in low dose from common CT procedures

CT Procedures
Brain (Mean + SD) Chest (Mean +SD) Whole abdomen (Mean + SD) Angiography of
the whole aorta
(Mean = SD)
Gender Female Male Female Male Female Male Female Male
LAR for incidence cancer;
Lung 0.2+0.1 02+0.1 50+14 34+1.0 53+3.6 23+1.1 13.5+£4.8 8.8+2.8
Liver 0.01+0.003 0.04+0.01 2.8+0.8 79+23 8.7+2.9 17.7+6.1 85+29 21.7+78
Colon 0.003+£0.001 0.006+0.002 0.7+0.5 1.8+1.0 12.7+4.9 18.2+64 10.2+4.1 18.6+7.1
Breast 0.1+0.02 - 8.4+2.4 - 62+74 - 232+76 -
Uterus 0.001+0.0001 - 0.03+0.02 - 24+1.1 - 1.9+09 -
Brain 12.7+4.3 13.2+5.7 0.03+0.01 0.01+0.01 0.004+0.003  0.001+0.001 1.0x+1.1 09+0.8
LAR for mortality cancer;
Lung 02+0.1 0.2+0.1 43+12 3.0+09 4.6+3.1 20+09 11.7+4.1 7.6+24
Liver 0.01+0.003 0.04+0.01 2.7+0.7 7.8+2.3 84+28 17.4+6.0 82+28 214+77
Colon 0.002+0.0003  0.003+0.001 0.3+0.2 09+05 62+24 89+3.1 5.0+£2.0 9.1+35
Breast 0.06+0.01 - 37+1.0 - 27432 - 10.1+34 -
Uterus 0.0003+0.0001 - 0.02+0.01 - 1.3+0.6 - 1.03+05 -
Brain 10.7+£3.2 11.0+4.3 0.02+0.01 0.01+0.001 0.003+0.003  0.001+0.001 09+09 0.7x0.6
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Gender
Female Male

40

LAR of cancer incidence per 100000

- I

Lung Liver Colon Breast Uterus Lung Liver Colon Breast Uterus

Fig. 1 LAR for cancer sites from high CT dose categorized by gender among 27 patients (15 females, 12 males)

Gender
12 o Female
< Male
o
10 o
(o]
o
8

LAR of lung cancer incidence per 100000

Age at exposure (Year)

Fig.2 LAR for lung cancer incidence from common procedures of CT chest examinations in both gender

with observation period in a month. Rehani MM et al.[10]  receiving CED above 100 mSv were between 55 and
reported high dose, 100-200 mSv frequently encountered 84 years old.

in older age groups at greater than 60 years old. While LAR was estimated by considering the frequent can-
Zewde N. et al. [15] showed a large distribution of patients  cer sites, comprising liver, lung, breast, colorectum, and
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cervix uteri in Thai population [39]. The estimation of
LAR of the organs situated outside the CT scan region
based on the scattered radiation, were very low and neg-
ligible. The average LAR of brain cancer incidence and
mortality were approximately 0.004 per 100,000 for
female and 0.001 per 100,000 for male from the CT whole
abdomen as shown in Table 5. Bosch de Basea M. et al.
[3] conducted an estimation of the organ dose and LAR
for organs in the scanning regions such as the stomach,
colon and rectum, pancreas, liver, and kidneys from CT
abdomen. Meanwhile, Khan NA et al. [24] determined
the organ dose and LAR in organs exposed to scattered
radiation. Our study estimated the organ dose and LAR
not only within the scan area, but also in the periphery, for
example from CT abdomen, 6 patients receiving high dose,
CED > 100 mSyv, the average organ dose of the lung was
74.3 £23.8 (38.9-111.8) mGy while female breast was
89.9+67.3(16.1-147.6) mGy. The highest LAR for breast
and lung cancer incidence were 82 and 38 per 100,000,
respectively as shown in Table 4. The significant factor
was the scan irradiated length extended to the lower of
thorax region. Consequently, it is essential to minimize
the unnecessary radiation exposure with improper scan
regions.

In this study, the commercial software had been used
to determine the organ dose modeled utilizing the stylized
computational phantoms and represented by mathematical
equations for estimating LAR. While Maxwell S et al. [40]
used the software based on voxelized phantoms provided
organ dose to determine cancer incidence. Thus, the soft-
ware type and size of the phantom may affect the value of
the organ dose employed to determine cancer risk.

According to epidemiological data from the Life Span
Study (LSS) cohort, radiation-induced breast cancer rates
were high, especially in young adult [18]. In our study,
at the high dose, the LAR for breast cancer incidence in
young female patients who underwent CT whole abdo-
men was 82 in 100,000 (Table 3). At the low dose, the
average LAR for breasts cancer incidence of patients
performed CT angiography of the whole aorta was 23
in 100,000 (Table 5). In the Fig. 2, LAR of lung cancer
incidence in younger females was higher than males and
decreased with increasing exposure age. The average lung
dose was slightly different for females, 18.1 £ 4.6 mGy
and males, 18.9 +4.9 mGy whereas the parameter of ERR
and EAR model derived from BEIR VII report of females
was greater than males. The mean + S.D. of LAR for lung
cancer incidence of young females and males from CT
chest examinations was 5.0 + 1.4 and 3.4 + 1.0 per 100,000
respectively. Although the amount of LAR per 100,000
is relatively low, it is necessary to consider the potential
cancer risk resulting from radiation. Specifically, in young
adults who may receive recurrent CT scans from follow-up

or diagnose their diseases, the risk of cancer may increase
significantly.

It is interesting to compare the LAR from this study
to others. The LAR for lung cancer incidence was 5.1
per 100,000 and the median organ dose of the lung was
16.9 mGy of Thai subjects, while the LAR for lung cancer
of Spanish subjects [3] at the same age range was 96.84
per 100,000 and the median organ dose of the lungs was
15.5 mGy. The discrepancy among both LARs was accord-
ing to the maximum age at 80 years in Thai subjects and
110 years in Spanish subjects. Bosch de Basea M. et al.
[3] determined the lifetime cancer risk for young patients
from CT scans, providing useful data to promote radiation
protection, particularly in the young cohorts. It is benefi-
cial to categorize the levels of cancer risk associated with
radiation exposure according to the procedures, age group,
and gender in order to justify the health risks, benefits and
optimized parameter settings.

There are two limitations in this study. First, the BEIR
VII method is implemented to estimate the risk of cancer
based on the linear dose-risk relationship. The risk coef-
ficients and risk-transfer weights were adopted to calculate
LAR for each cancer site, while these factors were obtained
from the cohort of Japanese and U.S. populations. Conse-
quently, the uncertainty of this issue should be considered
and mentioned. Second, LAR has been calculated using the
maximum age of 80 years in this study, based on the aver-
age typical life expectancy for both genders of Thai subjects
[39]. Due to Thailand's demographic life table, the prob-
ability of surviving longer than 80 years in Thai population
is limited.

5 Conclusion

Recurrent CT scans and CT whole abdomen contribute high
radiation dose to the patients. LAR for breast cancer inci-
dence of young female underwent CT whole abdomen was
82 in 100,000 with breast dose of 148 mGy. LAR for liver
cancer in male patients underwent multiple CT scans was
72 in 100,000 with a liver dose of 133 mGy. Both LARs
were higher than other cancer sites. LAR for lung cancer
incidence from CT chest examinations was 5.0 and 3.4 per
100,000 in young female and male, respectively and declined
with the increasing age of exposure. The range of LAR for
cancer incidence and mortality in the common CT proce-
dures of brain, whole abdomen, and angiography of whole
aorta in young adult patients were 0.0003-13.2, 0.001-18.2,
and 0.7-23.2 per 100,000, respectively. Therefore, the cumu-
lative effective dose (CED) from CT examinations at 100
mSv and above should be monitored and recorded individu-
ally to reduce the incidence and mortality risk of cancer at
later life, particularly in young adult patients.
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