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ABSTRACT

With portal imaging devices we can easily determine the position of bones in the patient, but we cannot visualize soft tissues. Kilo
voltage cone beam computed tomography (CBCT) imaging integrated to treatment machine is relatively a new technique and pro-
vides higher resolution of soft tissues for imaging. In this study, our aim was to measure the differences between 2D-2D and 3D-3D
registration based set-ups. We investigated whether using kV cone beam CT reduced setup errors compared to kV portal imaging.
Four patients with the diagnosis of head and neck cancer (2 patients with cancer in the base of tongue, 2 with hypopharyngeal can-
cer) and 6 patients with prostate cancer were included in our study. The treatments were delivered with IMRT. kvCBCT-kv film com-
parisions were evaluated in 44 sets of data for head and neck cancer patients, and in 130 sets of data for prostate cancer patients.
We analyzed the necessary planning target volume (PTV) margins for each group when only kv portal imaging is performed every
day and found that a margin of 2.1 and 1.5 mm in all directions would be sufficient in case of pelvic tumors and head and neck can-
cers respectively if the kv portal images are performed every day. Compared to the literature the shifts were minimal when kvCBCT
was performed after kv portal imaging. The immobilization procedures, followed strictly, may be reason for this observation. 
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ÖZET

kv Portal Görüntüleme ve kvCone Beam Bilgisayarl› Tomografi ile Planlanan Hedef Hacim S›n›rlar›n›n Belirlenmesi

Portal görüntüleme yöntemleri ile hastan›n kemik yap›lar›n› kolayca görüntüleyebiliriz, ancak yumuflak dokular bu yöntemle izlenemez.
Kilo voltaj cone beam bilgisayarl› tomografi (CBCT) görüntüleme yöntemlerinin tedavi cihazlar›na entegre edilmesi nispeten yeni bir
yöntemdir ve yumuflak dokular›n daha yüksek çözünürlükte görüntülemesini sa¤lar. Bu çal›flmada amac›m›z iki buyutlu görüntüleme
ifllemleri ile yap›lan set-up ile üç boyutlu görüntüleme yöntemleri ile yap›lan set-up aras›ndaki fark› araflt›rmak ve set-up hatalar› aç›-
s›ndan kvCBCT nin portal görüntülemeye göre set-up hatalar›n› ne kadar düzeltti¤ni incelemektir. Dört bafl ve boyun kanser-
li (2 hasta dil kökü, 2 hasta hipofarinks) ve dört prostat kanserli hasta çal›flmaya dahil edildi. Tedaviler yo¤unluk ayar-
l› radyoterapi (YART) yöntemi ile uyguland›. Bafl boyun kanserli hastalardan elde olunan 44 kvCBCT-kv portal film karfl›laflt›rmas› ve
prostat kanserli hastalardan elde olunan 130 kvCBCT-kv portal film karfl›laflt›rmas› de¤erlendirildi. Analizler sonucunda her gün sa-
dece kv portal görüntüleme yap›ld›¤›nda gerekli PTV emniyetinin bafl boyun kanserleri için 1.5mm ve prostat kanseri için 2.1 mm ol-
du¤u bulundu. Literatür ile k›yasland›¤›nda kv portal görüntüleme sonras› kvCBCT uyguland›¤›nda kaymalar›n minimal oldu¤u bulun-
mufltur. Bunun nedenlerinden biri immobilizasyon yöntemlerinin ve haz›rl›k aflamalar›n›n her hasta  için özenle uygulanm›fl olmas› ola-
bilir.
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INTRODUCTION
The technological developments in radiotherapy, li-
ke intensity modulated radiotherapy (IMRT), resul-
ted in decreased normal tissue complication rates.1

With this technique high doses of radiation to the
target could be delivered while sparing the adjacent
critical tissues with rapid dose fall-off outside the
clinical target volume.2 However, high accuracy in
target delineation and delivery is needed so as to
prevent marginal recurrences.   

Laser localization lights, skin tattoos, and body sta-
bilizing devices are the traditional techniques used
for set-up purposes. These precautions were adequ-
ate in the era when conventional radiotherapy tech-
niques were used. As we obtain steep dose gradi-
ents with IMRT, we need more delicate image gu-
idance devices to prevent marginal misses and
unintentional hot spots in critical organs. Various
image guidance techniques are used in practice for
different kind of tumor localizations; fiducial mar-
ker tracing, electronic portal imaging (EPID), kV
portal imaging, and cone beam CT are examples for
image guidance.3,4

With portal imaging devices we can easily determi-
ne the position of bones in the patient and they are
routinely used for verification/correction of the pre-
treatment patient positioning.  However, this tech-
nique cannot visualize soft tissues. Fiducial seeds,
ultrasound, computed tomography on rails, mega-
voltage computed tomography are modalities that
provide the visualization and localization of soft-
tissues. Kilo voltage cone beam computed tomog-
raphy (CBCT) imaging integrated to treatment
machine is relatively a new technique and provides
higher resolution of soft tissues for imaging.5

In this study, our aim was to measure the differen-
ces between 2D-2D and 3D-3D registration based
set-ups. We were interested in the degree of target
volume motion with respect to the bony structures
as assessed by CBCT imaging. We investigated
whether using kV cone beam CT reduced setup er-
rors compared to kV portal imaging. Our secondary
objective was to calculate the PTV margin in case
of kV portal imaging for daily set-up as the use of
CBCT is not widespread.

MATERIALS AND METHODS
Ten patients treated from April 2011 to July 2011
were evaluated retrospectively.  Four patients with
the diagnosis of head and neck cancer (2 patients
with cancer in the base of tongue, 2 with hypop-
haryngeal cancer) and 6 patients with prostate can-
cer were included in our study. The treatments we-
re delivered with IMRT. 

Patients treated for prostate cancer were given writ-
ten instructions for bowel preparation, and were as-
ked to follow them before simulation and every tre-
atment session. The attending physician also expla-
ined the preparation procedure thoroughly to the
patients. The patients were instructed to empty the-
ir bowel 1 to 2 hours before treatment schedule.
When they arrived at the department for simulation
they were instructed to empty their bladder first and
then they drank 500 ml of water in 15 minutes.
Forty minutes after finishing their water the simu-
lation procedure started. These routines were also
performed before every treatment. Patients were
immobilized using a deformable cushion (Vac-Lok,
CIVCO Medical Solutions, Kalona, IA) 25x50 cm
in size. 

Patients treated for head and neck cancers were sta-
bilized using head-neck and shoulder thermoplastic
mask with fixation at 9 points (Zentec, CIVCO Me-
dical Solutions, Kalona, IA). Standart head rest,
knee and feet stabilizers, and shoulder extenders
were used for all patients (Combifix, CIVCO Me-
dical Solutions, Kalona, IA). The headrest was affi-
xed to a baseplate. 

CT scans with a slice thickness of 2.5 mm were ac-
quired (G&E, discovery HD, CT750). The studies
were transferred to Eclipse 8.9 (Varian Medical
Systems, Inc., Palo Alto, CA) workstation for con-
touring of the clinical target volume, planning tar-
get volume and organs at risk.  All patients received
IMRT with Varian Rapid Arc linear accelerator. 

Initial patient positioning adjustments were made
by aligning surface markers placed at the time of si-
mulation. Following this initial set-up, anteroposte-
rior and lateral kv radiographs were acquired for
bony structure visualization. These kv films, obta-
ined before every treatment, were compared with
digitally reconstructed images (DRR) of simulation
films (2D-2D registration). The shifts according to
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bony structures were performed before every treat-
ment session. These shifts were performed by a ra-
diation therapist and were approved by a radiation
oncologist. 

kvCBCT were taken with a slice thickness of 2.5
mm. Simulation CT and kvCBCT images were fu-
sed to detect the shift according to the soft tissue
structures. The CT images were inspected at axial,
coronal, sagittal cross sections by the attending ra-
diation oncologist. The shifts for X, Y, and Z axis
were recorded.   

For patients receiving radiotherapy to pelvic regi-
on, first the kv portal images were taken and the
set-up was performed according to bony structures.
Then, kvCBCT was performed, and the final shifts
according to soft tissues were carried out before tre-
atment delivery. In the treatment of head and neck
cancer patients the portal images were performed as
described above for the first week. In the following
weeks kv portal images and kvCBCT were perfor-
med once a week while the other days the set-up
was practiced with only kv portal imaging. 

The required additional PTV margin for the center
in which kV portal imaging system is used is calcu-
lated using the models of van Herk et al. and Parker
et al.6,7 The models are defined as where ∑ and σ
are the standard deviations of systematic errors and
random errors, respectively. ∑ is calculated as the
standard deviation of average shifts for all patients
whereas σ is the root mean square of the individual
standard deviations of the shifts for all patients.

RESULTS
kvCBCT-kv film comparisions were evaluated in
44 sets of data for head and neck cancer patients,
and were evaluated in 130 sets of data for prostate
cancer patients. The data analyses of H&N and pel-
vis patients are carried out separately in order to ob-
serve and characterize the shifting of target volume
with respect to the tumor localization. The average
values of the final shifts of six prostate patients are
shown in Figure 1. The first columns in X, Y and Z
directions represent the averages of the measure-
ments taken during all fractions of a treatment whi-
le the second columns represent the averages of the
first week measurements.  The all average values
are in the range of 1.1 mm and 1.7 mm. The avera-
ge final shifts of the first week measurements are
higher than those of all fractions with the ratios of
15%, 9% and 42% in X, Y and Z directions, respec-
tively.

The additional PTV margins for prostate cases cal-
culated using the models of van Herk and Parker
are shown in Figure 2. In X and Y directions, the
correction margins are around 1.5 mm and have the
values between 1.4 mm and 1.6 mm for both mo-
dels. The margins increase by the factors of 1.07
and 1.50 for the measurements of the first week.
The required margins have the highest value in Z
direction for prostate cases. The margins calculated
by the models of van Herk and Parker are 1.9 mm
and 2.1 mm, respectively, while, for the first week,
the estimated required margins have higher values
with the factors of 1.43 and 1.37, respectively.
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Figure 1. The average and standard deviations of the final
shifts for pelvis cases in X, Y and Z directions. The first (blue)
and second (red) bars represent the values for all fractions
and the first week, respectively.

Figure 2. The estimated margins using van Herk and Parker
models for pelvis cases. The first two columns (blue and red)
in X, Y and Z directions represent the margin values for all
fractions. The third (green) and fourth (purple) columns rep-
resent the values for the first week.



The average final shifts for four head and neck ca-
ses are 1.14±0.32 mm, 1.22±0.22 mm and
0.92±0.24 mm in X, Y and Z directions. Figure 3
shows the estimated additional margins based on
van Herk and Parker models. The margins have the
values in the range of 1.04 and 1.21 mm in Y and Z
directions, respectively. Although the estimated
margins in X direction exceed the value of 1.5 mm,
the margins stay under 1.7 mm in all directions.

Comparing with the estimated margins for the head
and neck cases, the pelvis cases need higher mar-
gins in Y and Z directions. For instance, the estima-
ted margins using van Herk model are higher with
the factor of 1.32 and 1.86 for pelvis cases than he-
ad and neck cases. Nevertheless, the required mar-
gins in X direction have closer values for both ca-
ses. The ratios of estimated margins are 1.18 and
1.12 for van Herk and Parker models.

DISCUSSION
IMRT can create steep dose gradients. The location
of this gradient in each session with respect to CTV
and organs at risk is crucial. The setup procedures
and the margins to define PTV gain utmost impor-
tance for IMRT applications. With kvCBCT the po-
sitioning can be performed according to soft tissue
structures. However, it increases treatment session
time, and the radiation dose to the patient 8,9. Be-
sides, the benefits of patient positioning based on
3D over 2D imaging are not clarified, and cannot be
installed in all centers as they are relatively expen-
sive. We therefore wanted to address the potential

advantages of 3D techniques and to define the mar-
gins for different scenarios of setup techniques
using 2D and 3D imaging.

Interfraction motions of CTV with respect to bony
structures are analyzed for 6 patients receiving ra-
diotherapy for prostate cancer, and 4 patients with
head and neck cancer. Patients receiving radiothe-
rapy directed to pelvis were evaluated together, and
the head and neck cancer patients were analyzed as
a second group. In concordance with the literature
the rotational corrections were found to be insigni-
ficant, so was disregarded in this analysis.10,11 We
analyzed the necessary PTV margins for each gro-
up when only kv portal imaging is performed every
day and found that a margin of 2.1 and 1.5 mm in
all directions would be sufficient in case of pelvic
tumors and head and neck cancers respectively if
the kv portal images are performed every day.  

In the era of IGRT, the necessary margin around
CTV to create PTV is continuously being evaluated
and a consensus has not been reached yet.12-15 In the
literature different techniques have been used for
setup procedures for head and neck cancer patients.
As a result the defined limits are sparse.11,16 Even in
RTOG trials we observe that the margins are in the
range of 3 mm-10 mm for head and neck cancer pa-
tients.17,18

Kang et al. evaluated the 3D-3D registration setup
errors compared to 2D-2D registration in 9 head
and neck cancer patients 14. Seven were immobili-
zed with a 5 point mask and 2 were immobilized
with 3 point mask. The masks of 5 patients were cut
open around the eyes. They showed that patient po-
sitioning corrections by manual 2D-2D registrati-
ons were greater than 5mm for 30% of imaging
days and they suggested that daily 2D imaging sho-
uld be performed for optimal setup of head and
neck cancer patients. In another study it was found
that even if every other treatment is image guided,
about 11% of all treatments are still subject to three
dimensional setup errors of at least 5mm for head
and neck cancer treatment from random setup er-
ror.19 The authors concluded that daily imaging in
addition to reliable immobilization is necessary.
For head and neck cancer patients a minimum 4mm
margin additional to IGRT margin was proposed
when setup was performed according to bony struc-
tures. In our study we observed that the additional
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Figure 3. The estimated margins using van Herk (blue) and
Parker (red) models for head and neck cases.



margin necessary over IGRT defined margin is only
1.5 mm which is lower than series reported in the
literature. This difference may be due to the insta-
bilization techniques used. We used head-neck and
shoulder thermoplastic mask with fixation at 9 po-
ints, standard head rest, knee and feet stabilizers,
and shoulder extenders for all patients. 

In the study by Bylund et al.20 patients were given
no direction regarding bladder or bowel emptying,
diet or laxative use. They observed that the internal
prostate motion was 3.8 mm when the setup was
performed according to bony structures. They also
proposed that the motion in the superior inferior di-
rection would be larger if a kvCBCT was used ins-
tead of mvCBCT. The bladder prostate interface vi-
sualization was low with  mvCBCT imaging, and it
might lead to underestimation of superior inferior
movement. In our retrospective study we observed
that a margin of 2.1 mm in all directions for simp-
licity is enough in case the kv portal images were
performed every day.  

Compared to the literature we recorded that the
shifts were minimal when kvCBCT was performed
after kv portal imaging.21 As reported by Pisani et
al. kv portal radiographs are qualitatively more ef-
fective than mV based images.22 The initial setup
procedure performed with kv portal imaging may
be one factor leading to more accurate positioning
in our study. Besides, the immobilization procedu-
res were followed strictly both for head and neck
cancer patients and for those receiving radiotherapy
to the pelvis. 
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