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ABSTRACT

Aim: The aim of this study is to evaluate differences in terms of the setup errors observed
using kV planar image compared to CBCT for oesophageal cancer patients.

Background: Planar kV images are quick to acquire but only allow the observation of bony
structures. CBCT allows the evaluation of soft tissues, which includes the oesophagus (and
tumour) and OAR, giving a more accurate verification of the positioning.

Materials and Methods: All patients were imaged with both techniques between January 2012
and March 2014 were included in the study (16 patients, 212 kV images and 116 CBCT images).
Differences between the setup errors observed on the two images modalities were studied. A
correlation study between TNM staging, tumour location and immobilization systems with
setup errors was also done. Finally, the calculation of systematic and random errors allowed
to determine the CTV-PTV margin.

Results: A significant discrepancy (p <0.05) between the setup errors observed with kV and
CBCT was observed in the lateral direction. No statistical correlation was found between
setup errors and tumour location, immobilization system or TNM staging. The CTV-PTV
margin was smaller with CBCT in the vertical (0.6 cm vs. 0.9 cm) and longitudinal (0.7 cm vs.
1cm) directions and smaller with kV for the lateral directions (0.8 cm vs. 0.9 cm).
Conclusions: The chosen modality influences the setup error observed which will influence
the correction applied. Allowing a better observation of the volumes of interest, CBCT should
be the modality of choice in this pathology. The CTV-PTV margins could be shrunk if CBCT

is used.
© 2015 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.
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1. Background

The use of ionizing radiation to cause damage in biomolecules
that cause the cell death is the basic principle of Radiation
Oncology, but if, on one hand, the death of cancer cells is the
objective, the radiation therapy, on the other hand, is not pre-
cise enough to only damage cancer cells, so healthy tissues
are also irradiated, resulting in unwanted side-effects.

The best dose prescription and dose distribution are
proposed to achieve the best result, although the dose dis-
tribution that is achieved on the treatment planning system
is not what happens in reality due to some differences
between the planned position (acquired on planning CT scan)
and the actual position of the patient on the treatment
unit.

Nowadays, dose administration has been improved by the
raising of special techniques that are being used more often
due to their proven advantages,' including intensity modu-
lated techniques and arc therapy. Those advantages can only
be achieved if there is accuracy in the delivery of this dose;
for that reason, quality assurance of the patient position in
treatment unit should be part of the treatment procedure?:
radiological images are acquired in treatment position and
compared with the corresponding planning images. Nowa-
days, a variety of image techniques are available such as
planar MV images, planar kV images, CBCT, in-room systems,
etc.?

Since the opening of our new radiotherapy depart-
ment with three linear accelerators equipped with On-Board
Imager® (Varian Medical Systems, Palo Alto, USA) (in addition
to EPID for portal MV imaging), it is possible to acquire planar
kV and CBCT images of the patient at the treatment position.

There are several differences between both techniques:
with CBCT, it becomes possible to observe soft tissues*®
(including the oesophagus, the tumour and the OAR). The kV
images are quicker to acquire and with lower exposure to the
patient but they have low contrast for soft tissues,®'? the
objective of this study is to evaluate if there are significant
differences in terms of setup errors observed between the two
techniques in this particular tumour location.

The main objective of this study is to verify if there are
differences in the setup errors when they are observed with
planar kV or CBCT. Regarding that with the CBCT it is possible
to visualize soft tissue, including the target and the OAR,*®
if significant differences are observed that suggest that the
planar kV is not an accurate way to predict the position of the
structures of interest.

Although with the kV it is possible to determine setup
errors by the matching of bony structures, internal movement
of the organs cannot be observed (only with CBCT). So, the
eventual differences between the errors observed would result
from this internal movement of the organs.

The correlation between the setup errors was observed
and the following variables were studied: TNM staging, loca-
tion of the tumour and immobilization system. In addition,
the necessary CTV-PTV margins were evaluated according
to the image modality used, regarding the possibility of
shrinking this margin, allowing the reduction of the OAR
irradiation.'®*>

Table 1 - Sample descriptives.

N %

Sex

Feminine 1 6.3

Masculine 15 93.8
Number of images analysed

kv 212 64.6

CBCT 116 35.4
Immobilization

Thermoplastic mask 13 81.3

Thorax board 3 18.8
Tumour location

Cervical 3 18.8

Upper thoracic 10 62.5

Mid-thoracic 3 18.8
T staging

T2 2 12.5

T3 9 56.3

T3/4 2 12.5

T4 3 18.8
N staging

Nx 10 62.5

NO 2 12.5

N1 2 12.5

N2 2 12.5
M staging

MO 15 93.8

M1 1 6.3

2. Methods and materials

The patients treated between January 2012 and the end of this
research in March 2014 were included if during their treat-
ment they had both verification images being studied: planar
kV or CBCT. A total of 16 patients were included resulting in
a total of 212kV images and 116 CBCT analysed. The average
age of the patients in the sample is 62 4+ 9-years-old, and other
descriptives of the sample can be observed in Table 1.

Those patients underwent radiotherapy to the oesophagus
using conformal technique or IMRT. The decision regarding the
technique used is individual and it is based on the technique
that best satisfies the target coverage and OAR constraints.

The standard verification methodology at the department
is the online evaluation of orthogonal acquisition of kV images
with On Board Imager® (Varian Medical Systems, Palo Alto,
USA). In some cases, for clinical (e.g. tumour shrinkage) or
technical (e.g. overlap of bony structures) reasons a CBCT
would be acquired either after a kV image or as a single modal-
ity. After deciding what the best image verification modality
would be to each particular case, from that moment on, only
one modality would be used since the use of both modalities
would be considered an unnecessary extra dose to the patient.
The setup error was calculated as the shift between the setup
position and the final treatment position (after image analy-
sis).

According to the protocol at the institution, a verification
image is acquired on the three first days after which the aver-
age observed setup error is calculated and if the average is
above 3mm a shift is applied daily. A weekly imaging verifi-
cation is performed and if the patient presents a setup error
greater than 3mm an image is acquired the next day and if
it persists the average is recalculated and applied from that
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moment onwards. The number of total images acquired for
each patient varied according to the total number of fractions
and whether the setup errors were within the tolerance.

Allimages were analysed by the radiographers and/or radi-
ation oncologists and the correction of the setup error was
performed prior to irradiation; these were the data collected.

For the study of the equivalence between kV and CBCT, the
data from the observed setup errors were collected. For each
patient, it was studied whether the observed error was the
same for kV or CBCT and the same procedure was done for
the whole sample.

The study of correlation between the setup errors and
the staging, immobilization and tumour location was done in
order to assess if these specific variables influenced the global
result. The immobilization used in the department is different
according to the tumour location: cranial lesions use ther-
moplastic mask (TPM) and caudal lesions use a commercial
thorax support.

In order to compare if there would be any benefit using any
of the two modalities being studied, a calculation was made
of the CTV-PTV margins according to the verification image
used, using the van Herk’s formula’®:

Mpry = 2.szsetup +0.70setup

where ) "sewp corresponds to the systematic error of the pop-
ulation and osetyp to the random errors of the population, a
and b are constant values. van Herk'® proposed that a and b
should be 2.5 and 0.7 to allow that 90% of patients receive 95%
of the prescribed dose at CTV resulting in 1% TCP loss in the
population.

The systematic error of the population corresponds to the
standard deviation of the individual means and the random
error of the population is the mean of the individual standard
deviations.

The aim of this study was to evaluate the differences
between planar kV and CBCT imaging with respect to the
observation of inter-fraction movements. However, it is impor-
tant to take into consideration that the movement of the
patient during the treatment (intra-fraction) is an aspect
that should be considered in the decision making: definition
of margins, treatment technique used, verification modality
used, etc.

3. Results

Several image methods were developed along the IGRT evolu-
tion, but the best modality for each location is still a work in
progress, and some tumour locations are extensively studied
(e.g. prostate cancer) but in other locations, like oesophagus,
the publications are scarce.

3.1.  Assessment of differences between planar kV and
CBCT

For the assessment of statistical differences between the
two image modalities a Related-Samples Wilcoxon Signed
Rank test was used to compare paired samples. The selec-
tion of this test was based on the fact that there was no
evidence of a normal distribution (Shapiro-Wilk test'’-1%), so a

paired-sample student’s t test (0.05 significance level) would
not be adequate.

The analysis was done taking into consideration that there
is a relationship between the images from the same patient
although the kV and CBCT images from the same patient were
not taken on the same position. In other words, it was ana-
lysed if for each patient the mean setup error (systematic
error) observed with kV is different from the one observed
with CBCT. The results of this test showed that there are sig-
nificant differences (p =0.003) between what is observed in kV
and CBCT images in the lateral direction.

Research of verification image differences in other regions
or with other image modalities is very common. Those studies
show that there are variations in terms of the observed setup
error.” 1921

Although the planar kV images are quicker to acquire and
to observe apart from offering a lower dose to the patient,?'1?
the advantages of using a 3D verification image are the pos-
sibility of observing soft tissues with good contrast, like the
tumour or the oesophagus, and providing a more accurate
match of the area being treated.>1%1°

3.2. Correlation between tumour location and
immobilization system with setup errors

It was not possible to establish a relation between location and
setup errors due to the reduced number of patients in the sam-
ple. A consensus is not found in the literature regarding this
subject; some authors did not find a correlation between the
location and setup errors?? but there are findings that show a
greater movement in the distal regions of the oesophagus.?>2°

Regarding the immobilization system, due to the small
number of patients with CBCT that used the thoracic board,
no statistical significance was achieved, so it is not possible to
observe a correlation between the image and immobilization
system.

3.3. Correlation between staging and setup errors

The Spearman test (R) was used to correlate the T and N stag-
ing with the size of setup errors observed with both image
modalities.

In general, the higher the T staging, the lower the setup
errors (R <0) and higher N staging is correlated with increased
setup errors (R > 0) —except for the lateral direction when CBCT
is used.

Itis important to note that the only case where a moderate
correlation can be observed is when the N stating is higher
and the longitudinal errors are increased when using CBCT
(R=0.58 and p=0.018). Most cases showed a poor correlation
(—0.4<R<0.4) as seen in Table 2.

Because there was only one patient with M; staging and
because the distance metastases are not related with the
setup errors at the primary site, no statistical analysis was
performed.

3.4.  Random and systematic setup errors

The random and systematic errors were calculated in order
to calculate the CTV-PTV margin. Graphs 1-4 show the
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Table 2 - R value from the Spearman test for the correlation between the setup errors observed with both image

modalities and T and N staging for the three orthogonal directions. The only case where a moderated correlation was
observed is in bold.

Stage Vertical Longitudinal Lateral
kv CBCT kv CBCT kv CBCT
T -0.17 -0.30 -0.14 -0.05 -0.18 -0.24
N 0.24 0.27 0.19 0.58 0.05 -0.08
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Graph 1 - Individual systematic errors distribution

observed with planar kV image. Graph 3 - Individual random errors distribution observed

with planar kV image.

distribution of the individual random and systematic errors
for both image modalities. It is possible to observe more dis- get volume and over-irradiation of the surrounding healthy
perse systematic errors (further away from zero) with kV tissues.?
images. The systematic errors cause a higher impact on the
tumour control and side effects than the random errors, since 3.5. CTV-PTV margin according to image modality
they cause a higher risk of sub-irradiation of parts of the tar-
From the systematic and random errors the CTV-PTV margin

1.2 can be calculated using the van Herk’s formula.'® It was pos-
sible to calculate the adequate margin that should be applied
1 ® to keep the 1% of TCP loss in the population. The margin was
~— . . . . .
g 08 calculated in each direction and for each image modality as
N ® seen in Table 3.
% 0.6 ° With the kV images, we observe setup errors that lead to
o 04 ® a higher CTV-PTV margins in the vertical and longitudinal
g ® ® directions, and the same occurs to CBCT regarding the lateral
f,t, 0.2 P P Py on ® ° direction.
o 0 L ° e °e, It is important to note that the number of patients is
—
&5 o © g *e reduced to calculate an appropriate margin between CTV and
o '02 o o
=] o
o 04
wn
0.6 Table 3 - CTV-PTV margin for each direction and
08 verification image modality.
Image modality Direction (cm)
Vertical ®Longitudinal @ Lateral Vertical Longitudinal Lateral
Graph 2 - Individual systematic errors distribution kv 0.9 11 0.8
CBCT 0.6 0.7 0.9

observed with CBCT.
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Table 4 - CTV-PTV margin for oesophageal cancer according to image modality used for the three orthogonal directions.

Direction Zsetup (cm) Osetup (MMm) Msetup (cm) Author
Planar image
. 0.12 0.24 0.5 Hawkins et al.?
Vertical 0.32 0.19 0.94 This study
e il 0.27 0.33 0.9 Hawkins et al.?
0.36 0.22 1.05 This study
0.19 0.29 0.7 Hawkins et al.?
i 0.26 0.17 0.76 This study
CBCT
0.4 0.1 0.8 Yamashita et al.
. 0.14 0.20 0.5 Hawkins et al.
NG 0.2 0.16 0.61 Yang et al.
0.20 0.18 0.61 This study
0.38 0.41 1.23 Yamashita et al.
s 0.17 0.39 0.7 Hawkins et al.
Longitudinal
0.4 0.1 0.8 Yang et al.
0.21 0.22 0.67 This study
0.2 0 5 Yamashita et al.
0.13 0.26 0.5 Hawkins et al.
Lot 0.23 0.24 0.75 Yang et al.
0.31 0.18 0.89 This study

a8 CTV-PTV margins calculated based on MV portal images.

PTV; however, the objective was to calculate the difference
between the two modalities.

A reduction of margins in RT would allow a reduction of
the quantity and dose at the OAR, resulting in a reduction
of side effects, which would allow an increase in the dose
prescribed.®1214.27,28

In Table 4, our findings are compared to other authors’ for
the same region. The Hawkins et al.?° study compared pla-
nar MV images instead of kV images, being our reference for
planar images (bony structures). Yamashita et al.,’ Hawkins
etal.?? and Yanget al.”’ calculated the systematic and random
errors and the CTV-PTV margin (Msetup) with CBCT. It can be
observed that with the kV images all the aspects are higher

0.7

0.6

0.5

04

03

(C]

02

0.1

Setup Errors Standard Deviation (cm)

Vertical ®Longitudinal ® Lateral
Graph 4 - Individual random errors distribution observed

with GBCT.

with planar images than CBCT, both in our study as in the
references.

4. Conclusion

The main conclusion of this study is that the setup errors
observed in both image modalities are not the same, which
will result in different corrections and consequently in differ-
ent treatments. This was statistically significant for the lateral
direction (p <0.05).

Itis important to note that if the errors observed are differ-
ent, the better image to access tumours in oesophagus would
be CBCT because it is a soft tissue.”!%'° Based on the find-
ings of this study and on the literature, we suggest that CBCT
should be integrated in the image verification protocol of the
institution.

An additional and positive finding was that with the CBCT
the setup errors observed were smaller than with planar
kV, resulting in lower necessary CTV-PTV margins. That will
mean less irradiation of healthy tissues. This adds reasoning
to the use of CBCT as a primary image verification modality
for this pathology.

No significant correlations were found between setup
errors and tumour location, immobilization system used or
staging, possibly due to the small sample. For that reason,
a specific tailored study is suggested to determine which
modality provides a better accuracy for different locations,
immobilization systems and staging.

The limitations of this study then resumes to a small
sample. An issue that should be considered is that the imple-
mentation of CBCT would require an extra workload to the
department, which can be an issue regarding the heavy work-
load that Radiotherapy departments are nowadays subject to.
Studies report the possibility of a protocol with a mix of both
imaging techniques for other regions'® that can be studied
further for the oesophagus.
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If the proposed inclusion of CBCT in the protocol is put

into practice, soon we would have a good sample to repeat
the study and confirm the results and maybe find correlations
that could not be found; this is highly recommended by the
authors.
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