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ORIGINAL ARTICLE

Patient setup error and day-to-day esophageal motion error analyzed
by cone-beam computed tomography in radiation therapy

HIDEOMI YAMASHITA, AKTHIRO HAGA, YAYOI HAYAKAWA, KAE OKUMA,
KIYOSHI YODA, YUKARI OKANO, KEN-ICHIRO TANAKA, TOSHIKAZU IMAE,
KUNI OHTOMO & KEIICHI NAKAGAWA

Department of Radiology, University of Tokyo Hospital, Hongo, Bunkyo-ku, Tokyo, Japan

Abstract

Little has been reported on the errors of setup and daily organ motion that occur during radiation therapy (RT) for
esophageal cancer. The purpose of this paper was to determine the margins of esophageal motion during RT. Methods and
materials. The shift of the esophagus was analyzed in 20 consecutive patients treated with RT for esophageal cancer from
November 2007. CT images for RT planning were used as the primary image series. Computed tomography (CT) images
were acquired using an Elekta Synergy System, equipped with a kilovoltage-based cone-beam CT (CBCT) unit. The sub-
sequent CBCT image series used for daily RT setup were compared with the primary image series to analyze esophageal
motion. CBCT was performed before treatment sessions a total of 10 times in each patient twice a week. The outer esopha-
geal wall was contoured on the CBCT images of all 200 sets. Results. In the 200 sets of CBCT images, the mean (abso-
lute) £ standard deviation (SD) of setup errors were 2 +/— 2 mm (max, 8 mm) in the lateral direction, 4 +/— 3 mm (max,
11 mm) in the longitudinal direction, and 4 +/— 3 mm (max, 13 mm) in the vertical direction. Additionally, the mean=*SD
values of daily esophageal motion comparing the CBCT with RT planning CT were 5 +/- 3 mm (max, 15 mm) in the
lateral direction and 5 +/- 3 mm (max, 15 mm) in the vertical direction. Conclusions. Our data support the use of target
margins (between the clinical target volume and planning target volume) of 9 mm for day-to-day esophageal motion and
8 mm for patient setup in all directions, respectively.

relevant data on respiration-induced motion.
Dieleman et al. [4] performed four-dimensional CT
analysis of esophageal mobility during normal respi-
ration and concluded that the distal esophagus showed

Inter-fraction and intra-fraction motion of critical
structures is a significant concern when patients
undergo intensity modulated radiation therapy
(IMRT). Improper dose modulation can be a result

of anatomical motion among other factors. Overdos-
age to normal tissues can cause toxicity, while under-
dosage can lead to tumor progression. Image guided
radiation therapy (IGRT) has been used in an attempt
to minimize the impact of this motion.

Esophageal motion can be attributed to peristal-
sis, respiratory action, and cardiac action [1]. How-
ever, it was not addressed in reviews on inter-fraction
and intra-fraction organ motions during RT [2].
Only the limited amount of data is available on the
esophageal movement in patients undergoing RT
planning [1,3]. The majority of patients with esoph-
ageal cancers are treated during free respiration.
Thus, cone-beam computed tomography (CBCT)
scans acquired during free respiration could provide

more mobility than other parts. Thus, they derived
margins of mobility for use in treatment planning
that can encompass all movement. The present study
analyzed the patient setup error and day-to-day
esophageal motion during IGRT. The 20 consecutive
patients in this study represent the largest analysis
heretofore conducted of daily inter-fraction esopha-
geal movement during free respiration.

Materials and methods
Subjects

Inthisstudy,both patient setup error and inter-fraction
daily shifts of the esophagus were analyzed in 20
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consecutive patients with stage I-IVB esophageal
cancer treated with chemoradiation with curative
intent between November 2007 and May 2008 in
University of Tokyo Hospital, Tokyo, Japan. The
entire thoracic esophagus in all 20 cases was included
within the radiation field. Ten sets of computed
tomography (CT) images from each patient were
acquired using an Elekta Synergy System (Elekta
Ltd, Crawley, UK), equipped with a kilovoltage (kV)-
based CBCT unit [5].

The clinical and demographic data of the 20
patients are shown in Table I. The 6th edition of the
American Joint Committee on Cancer TNM staging
system [6] was used. For each patient, the CT images
for RT planning (slice thickness of 5 mm, index of
1 mm, helical pitch of 15, and beam pitch of 15/16)
acquired in free respiration by a large-bore CT sys-
tem (Aquilion/LLB, Toshiba, Tokyo, Japan) without
any contrast media one or two days before treatment
were used as the primary image series. The subse-
quent CBCT image series (slice thickness of 5 mm)
used for daily RT setup were then compared to the
primary image series to analyze inter-fraction esopha-
geal motion. CBCT was performed before treatment
sessions a total 10 times in each patient: one set of
images was acquired twice a week during an overall
RT duration of five weeks. The patient setup for RT
treatment was carried out daily without referring to
the previous data on setup error generated by CBCT
and only the automatic bony landmark matching
was carried out each time. However, because the
CBCT imaging performed after this bone-matching

Table 1. Patient and tumor characteristics.

registration (i.e. after correcting for the setup error)
was used in the comparison, only day-to-day esoph-
ageal motion was taken into account. Automatic
matching of anatomic bony landmarks was carried
out and part of the image set for the matching was
removed (e.g. shoulders, which are easily moved). A
bony co-registration based on a window around the
vertebral column was used for esophageal treatment
since the esophagus is a posterior structure in close
proximity to the vertebral column. Only an arm sup-
port was used as an immobilization device.

CBCT imaging

To generate a set of CBCT images, the typical patient
dose was 15.1 mGy (120 kV, 40 mA, 40 ms, 640
frames, 360°data collection), based on the weighted
CT dose index (CTDIy,), and this radiation dose was
expected to have almost no effect on the total dose in
the treatment. The outer esophageal wall was con-
toured on the CBCT images of all 200 sets from the
esophageal orifice to the esophago-gastric junction
under the mediastinal window setting (window width,
350 HU; window level, 40 HU). Only one radiation
oncologist (HY), who was experienced with the RT
planning system and had utilized it for routine plan-
ning, was involved in the contouring process.

Measurements method

Afterbone-matchingregistration, the primary and pre-
treatment CT image series were fused and compared

Primary Clinical Tumor Clinical Nodal Clinical Metastasis AJCC

Case No. Gender Age (y) Site Stage Stage Stage Stage

1 M 78 Lt 3 1 0 III

2 M 81 Mt 1 0 0 I

3 F 70 Lt 3 1 1b IVB

4 M 64 Ut 1 0 0 I

5 M 73 Lt 3 1 1b IVB

6 M 67 Ut 2 0 0 IIA

7 M 53 Lt 2 0 0 IIA

8 M 72 Ut 3 1 0 II1

9 F 79 Ut 3 1 0 111
10 M 80 Lt 3 1 0 III
11 M 90 Lt 3 1 0 II1
12 M 78 Mt 4 1 1b IVB
13 M 73 Ut 1 1 0 1IB
14 M 74 Mt 4 1 0 II1
15 F 62 Mt 1 0 0 I
16 M 68 Lt 2 0 0 IIA
17 M 55 Ut 4 1 la IVA
18 M 73 Mt 1 0 0 I
19 M 64 Ut 1 0 0 I
20 M 67 Lt 3 1 1b IVB

Abberviations: AJCC=American Joint Committee on Cancer; F=female; Lt=lower thoracic; M=male; Mt=middle thoracic; Ut=upper

thoracic; y=years.



using a Pinnacle® treatment-planning workstation
(Philips Healthcare, Andover, MA, USA; ADAC,
Milpitas, CA, USA). A case with the outer esopha-
geal wall contoured on the CBCT image is shown in
Figure 1. Inter-fraction motion was measured using
approximately 50 axial CT images of 5-mm slices
from the esophageal inlet to the esophago-gastric
junction. The measurements were done in the
anterior-posterior and right-left (lateral) directions on
all slices and then the maximum deviation between
esophageal walls delineated in the each CBCT after
the bone matching registration and the planning
CT images across all scans were used. Therefore, all
values of the inter-fraction motion were positive.

The formalism of Stroom et al. for margin deri-
vation [7] (= 2.0X+0.76) and van Herk et al. [8]
(= 2.5X+0.70) were used to evaluate the values as
margin for setup error and daily esophageal motion
error. However, another new optimization algorithm
for the determination of treatment margins around
moving and deformable targets like esophagus in
radiotherapy proposed by Redpath & Muren [9] was
not used this time.

Results
Setup errors

In the 200 sets of CBCT images, the mean and SD
values of the patient setup errors were 0 +/— 2 mm in
the lateral direction, 0 +/— 3 mm in the longitudinal
direction, and 0 +/— 4 mm in the vertical direction.

Figure 1. CBCT image of the middle thoracic region, scanned under
free respiration and processed after transferring data onto a Pinnacle?
workstation for planning of RT. A case with the outer esophageal
wall contoured on the CBCT images (sky-blue contour).
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The composite (all) SD was defined simply as the
average of the individual SDs in each direction. The
value of SD (=X) of the absolute value of the setup
error in all 200 data was 2 mm (lateral), 3 mm (lon-
gitudinal), and 3 mm (vertical), respectively. The mean
of the absolute value of the setup error in all 200 data
was 2 mm (max, 8 mm) in the lateral direction, 4 mm
(max, 11 mm) in the longitudinal direction, and 4 mm
(max, 13 mm) in the vertical direction (Table II).
Based on the setup error for each patient, the maxi-
mum of SD was 4 mm in the lateral direction (case
no. 14), 6 mm in the longitudinal direction (case no.
7), and 6 mm in the vertical direction (cases 5 and
18). The frequencies of setup errors >2 mm on the
lateral, longitudinal, and vertical axes were 48%,
60%, and 73%, respectively, and the frequencies of
errors >5 mm were 11%, 31%, and 30%, respec-
tively. The patient setup error was corrected only by
parallel translation, so the lag of rotation was not con-
sidered. According to the formalism of Stroom for
margin derivation, the evaluation value as margin for
setup error was 4 mm of right-left direction, 6 mm of
dorsal-ventral direction, and 6 mm of cranio-caudal
direction, and additionally, according to van Herk
5 mm, 8 mm, and 8 mm (Table II).

Esophageal motion errors

Additionally, the means*SD’s of daily esophageal
motion comparing the CBCT with RT planning CT
were 5 +/— 3 mm (max, 15 mm) in the lateral direction
and 5 +/- 3 mm (max, 15 mm) in the vertical direction
(Table IIT). A maximum shift in the lateral direction was
found at the upper thoracic site in 79 sets (39.5%), at
the middle thoracic site in 63 sets (31.5%), and at the
lower thoracic site in 58 sets (29.0%). Moreover, there
were shifts on the left side in 136 sets (68.0%) and on
the right side in 64 sets (32.0%). A maximum shift in
the vertical direction was found at the upper thoracic
site in 49 sets (24.5%), at the middle thoracic in 80 sets
(40%), and at the lower thoracic in 71 sets (35.5%).The
motion was the same in the upper or the lower esopha-
gus. Also, shifts were noted to the anterior direction in
88 sets (44.0%) and to the posterior direction in 112
sets (56%). Based on each patient’s daily esophageal
motion, the maximum SD was 4 mm in both vertical

Table II. Setup error in three dimension.

Direction Right-left Dorsal-ventral Cranio-caudal
Mean (Absolute) 2 mm 4 mm 4 mm
X (systematic error) 2 mm 3 mm 3 mm
Max 8 mm 11 mm 13 mm
d (random error) 0 mm 1 mm 1 mm
Stroom [30] 4 mm 6 mm 6 mm
van Herk [31] 5 mm 8 mm 8 mm
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Table III. Organ motion error.

Direction Right-left Dorsal-ventral
mean 5 mm 5 mm
SD 3 mm 3 mm
max 15 mm 15 mm
95%* 10 mm 11 mm
[ 1 mm 2 mm
Stroom [30] 7 mm 7 mm
van Herk [31] 8 mm 9 mm

“Margin value covering 95% of data.

(cases 6 and 11) and lateral directions (case 3).According
to Stroom, the evaluation value as margin for daily organ
motion error was 7 mm of right-left direction and 7 mm
of dorsal-ventral direction, and additionally, according
to van Herk, 8 mm and 9 mm (Table III).

Clinical results

Though the median follow up time has been
only nine months, six patients (30%) have died of
esophageal cancer and two patients (10%) who are
still alive have loco-regional and/or distant recur-
rences of esophageal cancer. To date, there has been
no non-hematological toxicity of grade 3 and acute
or sub-acute esophagitis or pneumonitis.

Discussion
Brief summary of main points

In this study patient setup error and inter-fraction
motion of the esophagus were examined during RT
in 20 patients. To our knowledge, this is the first
report of the study of inter-fraction esophageal motion
during day-to-day RT in patients with esophageal
cancer. In fact, corrections for the setup errors have
already been made in our method using CBCT and
thus the setup errors are pertinent for our patients.
The interesting aspect of our data is the remaining
internal organ motion of the esophagus. In this study,
the inter-fraction error was defined as the difference
between day-to-day esophageal positions after elimi-
nating daily setup error. This inter-fraction error
included tumor motion due to the patient’s random
movement, cardiac motion, peristaltic motion and
respiratory motion (i.e. intra-fraction motion).

Main findings in relation to other studies

The kV CBCT was used for determining setup error
in this study. The different interaction mechanisms
of kV photons with tissues and image transducers
offer improved imaging compared with megavoltage
(MYV) photons. This capability enhances the localiza-
tion of target volumes and adjacent organs at risk

during treatment compared with MV electronic
portal imaging. The scatter component should not
have as much an impact with MV CBCT compared
with kV CBCT. The use of MV photos for imaging
is a departure from the general preference for kV
beams in imaging. The visibility of large low-contrast
objects in tomographic images depends on the
contrast-to-noise ratio. Contrast is determined by
the differential attenuation of the beam through dif-
ferent bodily tissues. Most importantly, the image
sequence from rotation fluoroscopy can be used in
filtered back-projection to reconstruct an x-ray volu-
metric image. Recently, Xu et al. [10] utilized CBCT
measurements before and after treatment in the same
day in order to detect intra-fraction tumor position
errors (including 19 head and neck, 25 thoracic and
10 abdominal-pelvic tumors). Guckenberger et al.
[11] used CBCT scanning for the evaluation of
setup errors and demonstrated the feasibility of its
use in day-to-day clinical practice.

Esophageal movement was not addressed in an
earlier review on inter-fraction and intra-fraction
organ motion during RT [2]. In our study, the daily
esophageal motion were 5 +/— 3 mm (max, 15 mm)
in the left-right direction and 5 +/- 3 mm (max, 15
mm) in the anterio-posterior direction. These values
were almost similar to those of the following previous
reports. Measurements of lower esophageal sphincter
pressure during quiet respiration revealed lateral
esophageal motion of 6 +/— 2 mm in the abdominal
portion and 4 +/- 1 mm in the thoracic region [12].
Cine-fluoroscopic barium swallow images of the
esophagus in 51 patients undergoing catheter abla-
tion for atrial fibrillation indicated that lateral shifts
of more than 20 mm occurred in a majority of
patients [13]. Daily online CT images in a study of
six IGRT-treated patients were reported to show
maximal motion in the distal esophagus, and indi-
cated that margins of 2 ~ 5 mm could account for
all motion [14]. A study of esophageal positions at
the extreme phases of respiration in six patients
suggested that a margin of 5 ~ 6 mm was sufficient
to account for variations in organ position [15].
Hashimoto et al. [1] analyzed the motion during
quiet respiration in 13 patients with implanted fidu-
cial markers inserted into the esophageal wall and it
was 4 +/- 2 mm, 8 +/— 4 mm, and 4 +/- 3 mm for the
medio-lateral, cranio-caudal, and antero-posterior
directions, respectively. According to Dieleman et al.
[4], margins that would have incorporated all
esophageal movement in the medio-lateral and dorso-
ventral (anterior-posterior) directions were 5 mm
proximally, 7 mm and 6 mm in the mid-esophagus,
and 9 mm and 8 mm in the distal esophagus, as
determined by 4D-CT. According to Guerrero et al.
[16], the displacement of the esophageal tumors,



which estimated from breath-hold CT imaging using
the 3-D optical flow method, was non-uniform and
up to 14 mm.

Limitations of this study

The possible sources of methodological errors in
assessing inter-fraction esophageal motion in this
study could involve (a) inaccurate contouring of the
outer esophageal wall on CBCT and/or planning CT
images (i.e. human error), (b) mistakes in fusing
CBCT images after correcting setup errors on the
planning CT image on the Pinnacle® workstation
because the form or relative position of the chest wall
and/or vertebral bone might be different, (c) correct-
ing the setup error only by parallel translation, and
not considering the lag of rotation and the longitu-
dinal displacement could not be evaluated with our
method, and, therefore, the error in the longitudinal
direction was also detected as the error in the left-
right or anterior-posterior directions, (d) the differ-
ence in the speed at which free breathing scans were
acquired with the conventional CT and the CBCT,
and (e) the CBCT is a slow scan over approximately
2 minutes and it therefore blurs the intra-fraction
motion which is predominantly respiratory motion
with a period of about 4 seconds. The probability of
the first error (a) was minimized by having only
a single experienced radiation oncologist (i.e. not
multiple clinicians) contouring the outer esophageal
wall and by expanding the image significantly. The
other potential errors (b and c) were not formally
evaluated in this study; however, images displayed on
the Pinacle® workstation were checked to make sure
they were not significantly out of position after they
were fused (Figure 1). The slow scan blurs the esoph-
ageal outline and makes accurate delineation more
difficult (e). So in this study, only the intra-fraction
esophageal motion during treatment could not be
extracted.

In this study, the margin recipes of Stroom [7]
and van Herk [8] were used in order to evaluate
errors of setup and daily esophageal motion. In addi-
tion, Redpath & Muren [9] proposed a new optimi-
zation algorithm for the determination of treatment
margins around moving and deformable targets like
bladder or esophagus in radiotherapy. The algorithm
is completely empirical and is based on an iterative
method of determining margins around the planning
clinical target volume (CTV) to provide the opti-
mum coverage of the envelope of CTV positions
observed during treatment. The major advantage
with this approach is that it can be used on non-solid
organs, circumventing any assumptions on the nature
of the geometrical uncertainties. In this study, this
empirical approach was not used. Therefore, our
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chosen method may be the limitation to detect the
structure of the esophageal wall and this may not be
the ideal approach. We are currently planning to
introduce this empirical algorithm for determining
margin of CTV.

Impact of the findings for future work

In our study, the motion was the same in the upper
or the lower esophagus but this is contrary to the
findings of other authors such as Dieleman et al. [4].
The reason may be that the whole thoracic esopha-
gus was analyzed which was difficult to identify the
esophageal tumor on the CBCT. It may be necessary
to determine whether the movement of the tumor
bearing part of the esophagus was the same as the
parts without gross tumor involvement. This is a
problem for future study.

The present study is the first study to evaluate
inter-fraction esophageal motion with patients in the
supine position on the linear accelerator bed during
RT and under free respiration. It cannot be con-
cluded from this study who requires CBCT or
whether every patient needs CBCT imaging. The
change in mean esophageal position arising from
twice-weekly imaging of individual patients was very
small. This finding could be interpreted to mean that
target volume coverage was fully adequate and that
therefore costly daily imaging is not required.

In the present study, the patient setup error was
not small, and therefore using twice-weekly CBCT
might not be enough to reach the levels of target
margin confidence. In the era of modern IGRT sys-
tems, the daily registration performed using CBCT
was assumed to be necessary in order to minimize
the setup error. The use of IGRT with CBCT will
most likely benefit treatments such as IMRT for head
and neck cancer, prostate cancer [17,18], or breast
cancer; stereotactic RT for lung cancer or brain
tumor; and patients with tumors commonly associ-
ated with organ motion, such as gastric cancer or
urinary bladder cancers.

Conclusions

Both the patient setup error and day-to-day esopha-
geal movements were detected in every patient in this
study. The highest amounts of motion were distrib-
uted across various sites in the esophagus. However,
the amount of motion did not appear to be clinically
significant provided an appropriate internal target
volume was considered. Our data support the use of
target margins of 9 mm for day-to-day esophageal
motion and 8 mm for patient setup error of motions
in all directions. Also, when using daily kV CBCT
during RT in order to minimize the setup error, only
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day-to-day motion of esophagus should be considered
since it was found to be so small that the radiation
field for esophageal cancer can be reduced.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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