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ABSTRACT

Nowadays, the use of computed tomography (CT) simulation is getting widespread with the use of new treatment modalities like
three dimensional conformal radiotherapy (3D-CRT), intensity modulated radiotherapy (IMRT), adaptive radiotherapy (ART) and ste-
reotactic radiosurgery (SRS) in radiotherapy facilities. The main purpose of these new treatment modalities are to increase the sur-
vival and increase the quality of life by reducing the side effects. However, radiation induced secondary malignancy risk is getting im-
portant after radiotherapy with the increase in survival. Especially, CT scanning was performed from head to sacral region for 3D-
CRT craniospinal treatments techniques in children or young patients and several precautions should be taken to reduce the radi-
ation dose due to the CT simulation. In this study, we measured organ equivalent dose in Alderson Rando phantom and we estima-
te radiation-induced cancer risk due to CT scanning for different conditions. According to our measurement, secondary malignancy
risk was found to be between 0.10% - 0.22% for different conditions in craniospinal CT simulation.
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ÖZET

Radyoterapi Ünitelerinde Bilgisayarl› Tomografi Simülasyonuna Ba¤l› ‹kincil Kanser Riski De¤erlendirmesi

Günümüzde radyoterapi uygulamalar›nda üç boyutlu konformal radyoterapi (3B KRT), yo¤unluk ayarl› radyoterapi (YART), adaptif rad-
yoterapi (ART) ve stereotaktik radyocerrahi (SRC) gibi yeni tedavi modaliteleri ile birlikte bilgisayarl› tomografi (BT) simülasyonunun kul-
lan›m› da yayg›n olarak artmaktad›r. Artan sa¤kal›m süresi ile birlikte de radyasyondan kaynakl› ikincil kanser riski önem kazanmakta-
d›r. Özellikle de pediatrik hastalarda BT simülasyonundan kaynakl› dozu minimize etmek amac› ile çeflitli önlemlerin al›nmas› gerek-
mektedir. Bizim çal›flmam›zda ise  üç boyutlu kraniyospinal radyoterapi uygulanan pediatrik olgularda BT simülasyonundan kaynak-
l› çevre organlar›n ald›¤› doz de¤erleri ve yaflam süresi boyunca düflük doz radyasyondan kaynakl› ikincil kanser riskinin de¤erlendi-
rilmesi amac› ile Alderson Rando fantomda ölçümler al›nd›. Ölçümler sonucunda farkl› ölçüm koflullar›nda (tüp voltaj›, kesit kal›nl›¤› gi-
bi) kraniospinal radyoterapi uygulamalar› için gerçeklefltirilen BT simülasyonundan kaynakl› ikincil kanser riski 0.10% - 0.22% de¤er-
leri aras›nda bulundu.
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INTRODUCTION
Since the introduction of computed tomography
(CT) in 1970s, the use of CT in diagnostic and ot-
her therapeutic implication has increased and get-
ting widespread rapidly.1 In 2007, It is estimated
that approximately 72 million CT scan were perfor-
med in the USA and almost 4 million of these scans
is performed in person who is younger than 18 ye-
ars old.2 However, it is a known fact that ionizing
radiation can break the molecular bonds of DNA
and cause the formation of a cancer cell.3 The most
important risk factors affecting the secondary ma-
lignancy risk due to the CT scanning can be defined
as age of person and the amount of exposured dose
which is related with tube voltage, scanning thick-
ness, location and size of the scanned region. The-
refore,   ALARA principle.4 should be taken into
consideration in every implication, especially for
children, to reduce the cancer risk due to the ioni-
zing radiation. In this study, we evaluate the secon-
dary malignancy risk due to the craniospinal CT si-
mulation for radiotherapy treatment planning.

MATERIALS AND METHODS
In this study, CT scanning and measurements we-

re performed in GE™ Hi-speed NX/I CT Simula-
tor, commercially available from GE Medical Sys-
tem, Milwaukee Wisconsin, USA. In the measure-
ments, Alderson Rando phantom and about 80 ther-
moluminescent detectors (TLDs), TLD 100H, were
used. Firstly, Alderson Rando phantom was scan-
ned in 2.5 mm thickness by setting tube voltage as
100 kVp. Then, CT images were transferred to the
treatment planning system. By using these images
all of the organs and structures cited in “The Inter-
national Commission on Radiological Protection”
(ICRP) 103 publication4 were defined on each ima-
ge to evaluate the secondary malignancy risk.
TLDs were placed to defined organs and structure
on Rando Alderson phantom and measurements
were performed. We divided measurements into
two parts as shown in Figure 1.
Secondary Malignancy Risk for Different Tube
Voltage and Slice Thickness in Helical CT Simula-
tion
In the first part, Helical CT scanning was perfor-
med in 2.5 mm, 5.0 mm slice thickness and 80 kVp,
100 kVp, 120 kVp tube voltages. After performed

these processes, TLDs were read and organ equiva-
lent dose were calculated by using recommended
tissue weighting factors in ICRP 103 publication.
By using these data, we found effective dose and
we calculated secondary malignancy risk per who-
le body CT scanning. 
Comparison of Helical and Axial CT Simulation in
terms of Secondary Malignancy Risk
In the second part, we measured organ equivalent

dose and effective dose to compare secondary ma-
lignancy risk for helical and axial CT scanning app-
lications in 80 kVp and 120 kVp tube voltages. 

RESULTS
Secondary Malignancy Risk for Different Tube
Voltage and Slice Thickness in Helical CT Simu-
lation
Effective dose measured for different tube voltages
and slice thickness were illustrated in Table 1. In
the table, it is seen that effective dose increase with
increasing tube voltage and decreasing slice thick-
ness of scanning. According to ICRP 103 recom-
mendation, lifetime cancer risk per Sv is reported
as 5.0% and in this study secondary malignancy
risk was found between 0.10% - 0.17% for whole
body CT scanning for defined conditions in the
Table 1. 

Comparison of Helical and Axial CT Simulation
in terms of Secondary Malignancy Risk
According to our measurement results in axial CT
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Figure 1. Measurements for different tube voltage and slice
thickness in helical and axial CT simulation



scanning secondary malignancy risk increase app-
roximately 30% with respect to helical CT scanning
(Table 2). 

DISCUSSION
Organ equivalent dose and effective dose is getting
increase with the increasing use of CT in medical
facilities. Therefore, secondary malignancy risk
cannot be underestimated due to the radiation dose
delivered to patient during these applications. Furt-
hermore, children are at greater risk than adults
from a given dose of radiation since they are inhe-
rently more radiosensitive. Brenner et al. reported
that estimated lifetime cancer risk from CT scan-
ning in a 1 year-old are 0.18% (abdominal CT scan)
and 0.07% (head CT scan).5 In another study, Fur-
low pointed out that 20 years old people who was
exposed to ionizing radiation have a two times hig-
her cancer risk than someone who was 40 years

old.6 Despite all these data, it is estimated that 30%
of computed tomography tests may be unneces-
sary.7 In addition to diagnostic use, CT simulation
has been used widespreadly in radiotherapy faciliti-
es. Large body region, particularly in craniospinal
patients, is scanned to use in radiotherapy treatment
planning. However, this causes an increase in total
body dose which cannot be negligible in children
and young patients. According to our measurement,
secondary malignancy risk was found between
0.10% - 0.22% for different conditions in cranios-
pinal CT simulation. 

Several precautions should be taken to minimize li-
fetime cancer risk due to the CT scanning. The first
one is choosing optimal CT thickness and tube vol-
tage according to patient size. Second way is defi-
ning treatment region correctly and avoiding unne-
cessary CT scan out of the treatment region. The
last and most important one is avoiding from unne-
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Table 1. Measurements taken in different tube voltage and slice thickness for helical CT scanning

ORGAN 80 kVp 80 kVp 100kVp 120 kVp
2.5 mm Helical 5.0 mm Helical 5.0 mm Helical 5.0 mm Helical
Effective Dose Effective Dose Effective Dose Effective Dose
(mSv) (mSv) (mSv) (mSv)

Colon 1.6 1.4 2.0 2.0

Small intestine 1.6 1.1 2.1 2.1

Kidneys 1.1 1.1 1.5 1.6

Liver 0.5 0.5 0.7 0.7

Spleen 1.2 1.1 1.0 1.7

Oesophagus 0.4 0.4 0.6 0.7

Hearth 1.6 1.6 2.6 3.4

Lung 1.6 1.4 2.5 2.7

Breast 1.7 1.8 2.8 3.2

Thyroid 0.4 0.4 0.4 0.6

Spinal cord 0.8 0.8 1.0 1.6

Oral mucosa 0.5 0.6 0.7 1.1

Salivary glands 00.6 0.06 0.07 0.11

Other tissues and organs* 8.1 8.1 12.1 11.8

Total Effective Dose (mSv) 21.16 20.36 30.07 33.31

Secondary Malignancy Risk 0.10% 0.11% 0.15% 0.17%

*Other tissues and organs: Brains, Skin, Eyes, Gonads/Testes, Gall bladder, Pancreas, Stomach, Bone marrow (red), Bladder.



cessary CT scanning. In this manner, radiation-in-
duced cancer risk due to the low X-ray dose during
CT scanning can be minimized by paying attention
to these precautions.   
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Table 2. Measurements taken in helical and axial CT scanning

ORGAN 80 kVp 80 kVp 100kVp 120 kVp
2.5 mm Helical 2.5 mm Axial 5.0 mm Helical 5.0 mm Axial
Effective Dose Effective Dose Effective Dose Effective Dose
(mSv) (mSv) (mSv) (mSv)

Colon 1.6 2.3 2.0 2.2

Small intestine 1.6 2.2 2.1 2.8

Kidneys 1.1 2.0 1.6 3.2

Liver 0.5 0.7 0.7 1.2

Spleen 1.2 1.7 1.7 3.4

Oesophagus 0.4 0.5 0.7 0.8

Hearth 1.6 2.3 3.4 3.4

Lung 1.6 2.1 2.7 3.1

Breast 1.7 2.6 3.2 3.1

Thyroid 0.4 0.5 0.6 0.6

Spinal cord 0.8 1.0 1.6 1.9

Oral mucosa 0.5 0.6 1.1 1.5

Salivary glands 00.6 0.07 0.11 0.14

Other tissues and organs* 8.1 11.7 11.8 16.6

Total Effective Dose (mSv) 21.16 30.27 33.31 43.94

Secondary Malignancy Risk 0.11% 0.15% 0.17% 0.22%

*Other tissues and organs: Brains, Skin, Eyes, Gonads/Testes, Gall bladder, Pancreas, Stomach, Bone marrow (red), Bladder


