%’: o % UNIVERSITI
fo SAINS
%w@.@?@é l.IFHM MALAYSIA

Imaging Dose in Megavoltage (MV) and Kilovoltage (kV)
Energy Ranges between 2D and 3D Image-Guided
Radiation Therapy (IGRT): Phantom Study

Javapramila Jayamanil, Loo Yu Rou' and Reduan Abdullah?

'Medical Radiation Programme, School of Health Sciences, Health Campus, Universiti Sains Malaysia,
16150 Kubang Kerian, Kelantan, Malaysia

2 Radiotherapy Department, Hospital Universiti Sains Malaysia, Health Campus, 16150 Kubang Kerian,
Kelantan, Malaysia.



=M

We lead

Health Campus, Universiti Sains Malaysia

O Phang Nga Q Nakhon Si Thammarat
AL Thung Song N
; ' Ve

: Palawan Is
g TN\ Brull Cuiepee | < PHILIPPINES
THAILANDO«L N

e
= - g \\
\\ OSonglthla 0 50 100  200km A\ =9
e [ ) Kudet TR -
0 50 100 150 mi mwem, Mcur;%\ Sulu Sea
Kota Kmabalﬁ A’Z"o%"s",’,‘,’ gJ\
“ORanau

BRUNEI "’*’;'d“f Ea s __
DARUSSALAM wa’“{obome.w Sabah\_ s JSPN

Bandar Serl B oo o °
: Ku:, Bm:mmuije 5‘ ’30 Terusan ‘j “:?, < ( ;@

&

o 2 o

'\ r \)_\’,\J\M‘\ purna
£ ye= / g’ =28 Celebes Sea
Riau - Kepulauan ,‘\ s
Ly Islands Hhakacaie A (
g i e £ MALAYSIA
7 vcettna/ MALAYSIA LA S 2] /*0""“" Sarawak §
L) ; NV e  (Indonesia) e }K e -‘ National capital
g £ . a?ata&o 4 M Ai_ AYSI A i @ Reglonz.il capital
S nmmuma;m l \ F’_:?) /,/ Sarikel g iver O Town, village
umatra Is - Baha \‘K‘”“L A4 Airport
3 ._ ‘1\ ST ,\_’
O Padangsidempuan Rt i O (\’\ [e) Betong, N ,/—M‘ o Int. boundal
l N D O N E S l A SingaPQre ”_:IGD\PHORE 4 o omasghes (‘3‘05‘3-';1"/ ij‘z:ngga'?g ) v Regional boryundary
O il " " - .= Borneols — Mainroad IS
iy ocsi o U R e 7 IND ONESY]A S
I ‘ S : % . « B -0 Sintang b ——— Railroad o
Bukittinggi > 9%, '%"“““9“& f " Nangpinch o o
L0 W L 110 ‘@ NS e =y {




S

e a2s

UNIVERSITI SAINS MALAYSIA v




=M

We lead

Background & Introduction

Based on worldwide cancer statistic done by IARC, breast cancer contributed the highest
incidence cases (22.6 million cases) and followed by lung cancer (22.0 million cases). '

IGRT ensures the accuracy of radiotherapy treatment by comparing patient’'s geometric
on treatment day based on the planning CT images acquired during simulation. 2

MOH: Image verification is performed within the first 3 fractions, followed by weekly
except for SBRT, Cyberknife and tomotherapy as these techniques require more frequent
verification. 3

MV orthogonal

|
IGRT technique is divided into 2D IGRT
2D and 3D imaging technique
using different energy ranges. #

Figure 1: Varian Clinac iX linear
accelerator (LINAC)

kV orthogonal

kV Cone Beam Computed

Tomography (kV CBCT) 3D IGRT

IGRT technique is chosen based on the treatment technique, target
margin, image modality and available staff skills. °

Left breast

Heart

IGRT techniques lead to different image quality and imaging dose accumulation at

organ at risk (OAR) which eventually induce secondary cancer risk. ° Right breast

Left lung

This study will investigate the point dose and effective dose in the organs at the chest e

region such as lungs, heart, breast and skin contributed by 2D and 3D IGRT techniques
using MV and kV energy ranges.

Right lung

Figure 2: OAR at chest region



Issue Comment
3D IGRT generates superior image quality than 2D IGRT.”
Image Quality KV~ imaging produces better image  quality

than MV imaging.®

Accumulated Imaging
Dose

Imaging process is always associated with the imaging , .
dose due to usage of ionizing radiation in MV and kV Figure 3: Chest region 3D images in axial
energy. 6 (left), coronal (centre) & sagittal (right)

The imaging dose is accumulated in the OAR and acquired using 3D IGRT.
eventually caused secondary malignancies. °

The estimated excess absolute risk (EAR) for developing a
secondary carcinoma at lung due to IGRT procedure is 1 to
10 cases per 10000 patient-year. °

Imaging Dose Reporting

AAPM TG 75 suggested to compare the imaging dose
between different techniques in term of effective dose but
most of the studies reported in point dose only. *

The imaging dose is ignored in the treatment planning as it
is substantially lower than therapeutic dose.

’;

Figure 4: Chest region 2D imges
acquired in 2D IGRT using MV (top)

and kV enerav ranaes< (below) 8
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Study Objectives

General Objective:

To investigate the imaging dose in MV and kV energy ranges between 2D and 3D IGRT techniques in
the chest region.

Specific Objective:
1) To evaluate the image quality at chest region of an anthropomorphic phantom using MV and kV
energy ranges in both 2D and 3D IGRT techniques

2) To measure the point dose received by the OAR in the chest region of the
anthropomorphic phantom using thermoluminescent dosimeter (TLD-100H) under 2D and 3D
IGRT techniques.

3) To calculate the effective dose of OAR at the chest region delivered by the MV and kV energy
ranges in 2D and 3D IGRT techniques.
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Point Dose Measurement

Calibration of TLD-100H

Varian Clinac iX LINAC  TLD-100H PTW T1231/U100 TLD

with mounted EPID and Annealing Oven

OBl v1.6

Solid water
3500 Reader plate

PTW 30006/3001 Frmer PTW-UNIDOS E
cylindrical ionization chamber electrometer

“Philips Brilliance CT

Anthropomorphic simulator

phantom- Chest
region



Methodology

——

Table 1: Parameter for MV energy calibration

| | SSD 100 cm

MV Energy = Calibration of TLD-100H

= kV Energy

Table 2: Parameter for kV energy calibration

SED of

o cm Field size 10cm x 10 cm

SCD

100 cm

Y
' Dmax
TLD-100H on

1.5cm

Filter

Half bowtie

—ilradiation plate at
=1 "Sem.

Monitor unit | 100 MU

HVL

5.2 mm Al

_ Figure 6: MV energy calibration setup
- of TLD-100H.

1. 33 TLD-100H were calibrated under LINAC using 6 MV
energy based on standard calibration setup (TRS398)
(Figure 6).

2. The TLD-100H were annealed at 240 for 10 minutes and

cooled down to room temperature for 1 hour.

The TLD-100H exposed to parameter stated in Table 1.

After 24 hours, TLD-100H were readout and annealed.

5. Step repeated 3 times.

Dose Linearity
1. 33 TLD-100H were sorted based on sensitivity and divided
into 11 groups, each group consists 3 TLD-100H.

2. The TLD-100H were exposed to different doses in the
ranges between 0 mGy and 2000 mGy.

B w

Parameter

110 kV 20 mAs

o b

Farmer cylindrical IC
placed in air

Figure 7: kV energy calibration setup
of TLD-100H.

. 33 TLD-100H were calibrated using Farmer IC using in-air
method (Figure 7).

. The Farmer IC was exposed to the parameter (Table 2) by
changing various polarities and voltages for correction
factors and absorbed dose to water in air, Dy ;-ocm
calculation.

. The TLD-100H were sealed into plastic sachet and placed
around the IC.

. The TLD-100H was exposed to same parameter.

. After 24 hours, TLD-100H were readout and annealed:
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Pg} B: Point Dose Measurement

' The measurement was repeated 3 times
I using another set of TLD-100H.

Step 1 — 3 was repeated for kV orthogonal
and kV CBCT techniques with different

N
exposure parameters. kV CBCT tech%‘g? B

10 TLD-100H were plaged at 10 point positions |

with label. A TLD-100H was used for e T -l g o or 1D,

262 mAs and half bowtie filter.

background reading.

The image of anthropomorphic phantom at
chest region was evaluated qualitatively.

' The TLD-100H was exposed to AP (75 kV 5 mAs)
and Lat projections (90 kV 40 mAs).

' The TLD-100H was exposed to AP and Lat |
projections with 2 MU each projection.
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8 Each TLD-100H charge was converted into dose
| using Eq 1.

Dose = TLD reading x ECC x Individual Calibration factor

ECC=Element correction coefficient

- Since 3 TLD-100H was exposed at the same point
position, the mean point dose (D i) for each point

position was averaged from 3 TLD-100H.

10
The mean point dose was converted into
effective dose using Eq 2 for individual organ
E:ZWT.ZWR.DT'R Eq2
Organ W
wr = Tissue weighting factor Lung 012
= Radiation weighting factor :
(photon=1) Heart 0.12
Dt r= mean point dose Breas 0.12
Skin 0.01

Analysis

* The mean point dose between 2D IGRT was
analysed using independent sample t-test
with significance level of 0.05

« The mean point dose between 2D and 3D
IGRT technique was analysed using one-way
ANOVA, the difference was considered
significant when p values <0.05.

12

» The effective dose between 2D and 3D IGRT
was anaylsed using percentage error bar.

Left Lung Cancer case

VMAT (60Gy/30fx) | SBRT (60Gy/3fx)

8 fractions of IGRT 3 fractions of IGRT

13

- The point dose from single fraction of IGRT |
was multiplied to 8 and 3 fractions to obtain
the accumulated dose.



Result & Discussion

— Dose Linearity of TLD-100H

1000

y = 0.5009x - 14.061
R*=10.994

Charge (uC)
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Figure 8: (a) AP and (b)ﬁ Lat images of anthropomorphic phantom during MV EPID point
dose measurement while (c) AP (d) Lat images of anthropomorphic phantom during kV

g y = 0.3914x - 0.2309 orthogonal point dose measurement.
- R*=10.998 _
500 o 5, sagittal
\ ) 30
10
0
0 50 100 150 200 250 4 P %

Dosze (mGy)

coronal

Figure 7: Dose linearity curve of TLD-100H using 6 MV energy in the dose
ranges between 0 mGy and 2000 mGy with =5 % of error bar.

 TLD-100H showed nearly perfect linear response at low dose

region from 0 mGy — 200 mGy with R? value of 0.998. Figure 9: 3D images of anthropomorphic phantom at chest region acquired in
kV CBCT point dose measurement.
« TLD-100H was suitable to be used in low dose measurement.
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=== Point Dose Analysis between 2D and 3D IGRT Techniques

B There is significant difference of mean point dose |

Table 3: The percentage difference calculated between mean point doses at each point position in organs at between 2D and 3D IGRT techniques with p
chest region between 2D and 3D IGRT techniques. The p value was obtained from the one-way ANOVA. value<0.001
Mean Dose (mGy) Difference@ Differenceb
Point
Organs MV EPID kV orthogonal kV CBCT (mGy) (mGy) p value MV EPID vs kV CBCT
label
(mean+SD) (mean+SD) (mean#+SD) * MV EPID technique was reported contributing
20.47 - 34.04 mGy more mean point dose than
Leftlung L1 40674+101 2200+0.21 11.686+£1.21  28.99 9.49 <0.001 KV CBCT technique, except for skin (13.59 mGy)
L2 444514085 23234024 104894035 3396 8.17 <0.001 SR NGy
Right lung L3  33.586+0.73 0.602+0.04 10.862+064  22.72 1026 <0.001 [, The possible reason is due to the different energy
i i i 2:3
L4 26324+172 05824006 11.072+4094 1525 1049  <0.001 range and different image technique:.
Heart
H1 355974001 0.9964+0.08 10.0214+0.15  25.58 9.03 <0.001 KV orthogonal vs kV CBCT
H2  33.946+1.32 0.832+0.05 10.935+0.73  23.01 1010  <0.001 | * kV CBCT contributed 6.13 - 10.49 mGy higher
mean point dose to all the organs if compared to kV
Left breast B1  40.837+0.04 0.669+0.02  6.801+0.38 34.04 6.13 <0.001 orthogonal technique, except skin with value of
Rightbreast B2  27.823+0.33 0.2224+0.01  7.358+0.49  20.47 7.14 <0.001 2.16 mGy*
Skin S1 23.811+046 0504+005 10.218+0.95 13.59 9.71 <0.001

* In 3D IGRT technique, the organs are exposed

S2_ 22414+1.02 44354016 6.590+0.83  15.82 2.16 <0.001 longer time due to acquisition of greater number of
image projections for image reconstruction.®

*Difference 2 refers to the difference calculated between the MV EPID and kV CBCT.
*Difference P refers to the difference calculated between kV orthogonal and kV CBCT.




Results & Discussion
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Effective Dose Analysis between 2D and 3D IGRT Techniques
Table 4: The percentage difference of effective dose was calculated for MV EPID, kV orthogonal and kV CBCT. -
Effective dose (mSv) difference ¢ difference ¢ difference © =z \
Organs E 4
MV EPID kV orthogonal kV CBCT (mSv) (mSv) (mSv) Q
]
A3
Left lung 5.108 D211 1.331 4.84 3.78 1.06 2
Right lung 3.995 0.071 1.316 3.92 2.28 1.29 é ’
m
Heart 4173 0.110 1.257 4.06 2.92 119 L
Left breast 4.900 0.080 0.816 4.82 408 0.74 0 b : 5 ; ,
Left lung Rightlung Heart Left breast Right Skin
Right breast  3.339 0.027 0.883 3.31 2.46 0.86 breast
Organs
Skin 0.231 0.025 0.084 021 D15 0.06
* Difference °represents the difference calculated between the MV EPID and kV orthogonal. WATLERID: BEvonnopal WAORCECT

* Difference 9 represents the difference calculated between MV EPID and kV CBCT.

* Difference © represents the difference calculated between kV orthogonal and kV CBCT.

« MV EPID delivered effective dose in the ranges of 3.34 mSv to 5.11 mSv
except for skin (0.23 mSv).

Figure 4: The bar graph of effective dose against all the organs at
chest region among 2D and 3D IGRT techniques with =5 % error bar.

« The percentage error bars showed that no overlap
between MV EPID, kV orthogonal and kV CBCT
techniques.

* kV orthogonal delivered effective dose less than 0.27 mSyv in the organs
at chest region.

+ kV CBCT delivered effective dose in the ranges of 0.82 mSv to 1.33 mSyv
except for skin (0.084 mSv)

* The overall effective dose at chest region reported by Alvarado et
al. for KV CBCT (6.00mSv) and kV orthogonal technique
(1.14mSv) was slightly higher than the overall effective dose for
kV CBCT (5.69 mSv) and kV orthogonal (0.58 mSv). ©
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Imaging Dose Accumulation

Table 3: Accumulated point dose in organs at chest region for MV EPID, kV orthogonal and kV CBCT techniques in 8 fractions
and 3 fractions of IGRT for VMAT and SBRT treatment technique, respectively.

Point Dose (mGy)

Organ 8 fractions (VMAT) 3 fractions (SBRT)

MV EPID kV orthogonal kV CBCT MV EPID kV orthogonal kV CBCT
Right lung 268.688 4.816 86.896 100.758 1.806 32.586
Heart 284.776 7.968 80.168 106.791 2.988 30.063
Left breast 326.696 5.352 54.408 122.511 2.007 20.403
Right breast 222.584 1.776 58.864 83.469 0.666 22.074
Skin 179.312 35.480 52.720 67.242 13.305 19.770

» For VMAT and SBRT treatment techniques, the IGRT

technique practiced in HUSM is kV CBCT.

)

VMA SBRT
T The accumulated dose at OAR was » The accumulated dose at OAR was
ranged from 52.72 mGy — 86.90 mGy ranged from 20.40 mGy to 32.59 mGy

except for skin (19.77 mGy)

The imaging dose accumulated from multiple fractions IGRT not
necessary to be considered in treatment planning as it less than 5
% of therapeutic dose (60 Gy) prescribed for VMAT and SBRT
treatment technique as mentioned in AAPM TG 180.

In certain centres, the IGRT procedure with combined MV and kV
energy ranges are used, for example MV EPID + kV CBCT
technique, therefore the accumulated dose was total up from
individual IGRT technique. ©
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Conclusion, Limitation & Future Recommendation

Image Quality
* kV energy generate better soft tissue contrast than MV energy but in
certain case, MV EPID technique is sufficient to be used based on the Limitations Future
bony landmark visualization. Recommendations

» 3D IGRT produced volumetric OAR visualisation if compared to 2D IGRT.

r ) r N
Limited ber of TLD-
Point Dose and Effective Dose between 2D and 3D IGRT Techniques o Measure the organ dose
instead of point dose in
\ J the organ
» There is a significant difference in mean point dose between 2D and 3D IGRT rP - tj - ~
: : olINnt dose measuremen
techniques with p-value < 0.001. does not represent the p -
» KV CBCT contributed 6.13-10.49 mGy higher mean dose than kV orthogonal et e arenir®
technique, in the contrary, MV EPID contributed 34.04 mGy higher mean point \ _ Monte Carlo
dose than kV CBCT simulation study
» The point dose and effective dose measured in the organs at chest region was 4 A . )
increased in the order from kV orthogonal, kV CBCT and MV orthogonal Result from reference-
. sized anthropomorphic
technique. phantom might

overestimate/
underestimate the
patients of different
sizes, genders and ages

1\ J
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