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ABSTRACT
We aimed to evaluate the impact of rotational setup errors on the doses received during postoperative volumetric-
modulated arc therapy (VMAT) for cervical cancer. Overall, 121 cone-beam computed tomography (CBCT) sets
from 20 patients were rigidly registered to reference computed tomography (CT) sets based on bony landmarks. The
rotational setup errors (pitch, yaw and roll) were calculated. Then, 121 CT sets involving rotational setup errors were
created, and the dose distribution in these CT sets were recalculated. The recalculated dosimetric parameters for the
clinical target volume (CTV) and organs at risk (OAR) were compared to the reference values, and the correlation
coefficients between the dosimetric parameter differences and rotational setup errors were calculated. Only the pitch
setup error was moderately correlated with CTV coverage (r ≥ 0.40) and strongly correlated with V45 for the bladder
(r ≥ 0.91) and V40 for the rectum, small bowel and bone marrow (r ≥ 0.91). The maximum dosimetric difference
in a single fraction and overall fractions was −1.59% and −0.69% in D98 for the CTV, 11.72% and 5.17% in V45 for
the bladder and −8.03% and −4.68% in V40 for the rectum, respectively. In conclusion, rotational setup errors only
slightly impact dose coverage during postoperative cervical cancer VMAT. However, the pitch setup error occasionally
affected the doses received by the bladder or the rectum in the overall fraction when the error was systematic. Thus,
rotational setup errors should be corrected by adjusting six-degree-of-freedom (DOF) couches to reduce dosimetric
differences in the OARs.

Keywords: residual rotational setup error; dosimetric impact; postoperative cervical cancer; volumetric-modulated
arc therapy (VMAT); image-guided radiation therapy (IGRT)

INTRODUCTION
Intensity-modulated radiation therapy (IMRT) and volumetric-
modulated arc therapy (VMAT) can involve complex dose distribu-
tions (e.g. convex and concave shapes). Such irradiation techniques
have enhanced the doses received by targets and reduced those received
by normal tissues in many treatment sites, including the prostate and
head and neck [1,2]. IMRT is reported to reduce the doses received
by the bladder, rectum and small bowel during adjuvant radiotherapy
after radical hysterectomy for cervical cancer treatment [3]. However,
daily interfractional setup errors may cause lower dose distribution on

the target and higher dose distribution on the organs at risk (OARs)
because of the widely defined target.

With regard to the dosimetric impact of rotational setup errors,
Amro et al. reported that prostate rotations can cause significant under-
dosing even if daily translations are managed [4]. Jiang et al. also
demonstrated that rotational setup errors can lead to insufficient dose
to the target volume and increase in the spinal cord dose in IMRT
for primary malignant tumor of the cervical spine [5]. In addition,
Guckenberger et al. highlighted the clinical significance of rotational
errors for select patients with elongated, non-spherical target volumes
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and sharp dose gradients between the target organs and adjacent OARs
[6].

Rotational setup errors in gynecological cancers may affect the
doses received by the target and OARs because the targets are typi-
cally elongated and adjacent to the OARs. Weiss et al. evaluated the
rotational setup errors with an electronic portal imaging device and
an infrared body marker-based system [7]. Several studies have shown
that rotational setup errors can occur with various imaging devices
including in cone-beam computed tomography (CBCT) [8], mega-
voltage CT [9] and orthogonal kilovoltage X-ray imaging [10]. How-
ever, few studies have investigated the impact of rotational setup errors
on the doses received by the target and normal tissues in patients with
gynecological cancer. Yao et al. reported that the margin sizes calcu-
lated for translational and rotational setup errors influenced the OARs
in postoperative cervical cancer treatment [11]. However, the direct
influence of rotational setup errors on the doses received by the target
and OARs was not demonstrated. Zhang et al. evaluated the dosimetric
changes of target coverage by translational and rotational setup errors
in definitive cervical cancer treatment [12]. However, the influence of
translational and rotational setup errors on the doses received by the
OARs was not demonstrated.

Thus, the present study aimed to evaluate the dosimetric impact
of rotational setup errors on the doses received during postoperative
VMAT for cervical cancer. Toward this goal, interfractional rotational
setup errors were analyzed, and the correlations between the target
and OAR dose differences and rotational setup errors were calculated.
Then, the influence of rotational setup errors on the doses received by
the target and OARs were evaluated for individual patients. Interfrac-
tional motions and deformations of the target and normal tissues were
not considered. The target and normal tissues in most patients could
not be contoured because of the limited imaging range of CBCT and
its insufficient image quality.

MATERIALS AND METHODS
Study design and patients

This retrospective study was approved by the appropriate institutional
review board on 27 October 2015 (approval number: 1510279150).
All patients provided written informed consent to participate in the
study.

The subjects were 20 consecutive patients with stage IB1-
IIB cervical cancer (International Federation of Gynecology and
Obstetrics) who were treated with adjuvant radiotherapy after radical
hysterectomy between June 2013 and March 2015 at our institute.
Of these, 12 patients underwent concurrent chemoradiotherapy,
whereas eight received radiotherapy alone. Eleven patients also
underwent ovary transposition to reduce scatter from the radiation
field to the ovaries. The patient characteristics are summarized in
Table 1.

Treatment planning and image-guided radiation
therapy protocol

Each patient underwent CT using Lightspeed 16 (GE Healthcare,
UK). These reference CT sets were acquired with 2.5-mm-thick slices
after the bladder was filled for 1 hour. No instruction regarding rectum
filling was given. Each patient was placed in the supine position and

Table 1. Patient characteristics. Field length was defined as the
distance between the collimator jaws in the cranio-caudal
direction

n

Total patients 20
Age (years)

Median (range) 42 (31–70)
Histology

Squamous cell carcinoma 16
Adenocarcinoma 4

FIGO Stage
IB1 9
IB2 7
IIA 1
IIA1 1
IIA2 1
IIB 1

Surgery
Radical hysterectomy 20

Adjuvant Treatment
Concurrent chemoradiotherapy 12
Radiotherapy alone 8

Ovary transposition (patients)
Bilateral 10
Left only (right resected) 1

VMAT technique
Two-arc 17
Four-arc 3

Field length (cm)
Median (range) 23.45 (19–26.5)

CTV (cc)
Median (range) 435.15 (289.8–614.4)

Bladder volume (cc)
Median (range) 255.9 (67.4–589.4)

Abbreviations: VMAT = volumetric-modulated arc therapy; CTV = clinical target vol-
ume

immobilized using HipFix (CIVCO Medical Solutions, USA), Mold-
care (ALCARE Co., Ltd., Japan) and a foot support. The markers were
drawn on the patient’s skin (vertically, longitudinally and laterally) and
on the Moldcare (longitudinally).

The CTV included the parametrium, iliac lymph nodes (common,
internal and external), and presacral lymph nodes. The lymph node
region was defined as an area enclosed by a 7 mm margin around
the relevant pelvic vessels, not including the bones and muscles, as
specified by Toita et al. [13]. The planning target volume (PTV)
was defined by a uniform margin of 5 mm outside the CTV. The
bladder, rectum, small bowel, large bowel, bone marrow and ovaries
were contoured as the OARs. The rectum was contoured from
the inferior aspect of the third sacral vertebra to the anal verge.
The pelvic bone, lumbar vertebrae from the superior aspect of the
PTV and femoral head were delineated as surrogates for the bone
marrow.
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Fig. 1. Procedure flowchart of the rotational setup error analysis and dose recalculation.

The prescription dose to 95% of the PTV was 50.4 Gy, which was
delivered in 28 fractions using two- or four-arc VMAT. Since November
2014, the four-arc technique has been employed at our institute to
protect the ovaries from scattered radiation [14]. The detail of this
technique was that two arcs turned off the beam to avoid irradiating the
ovaries directly when an ovary overlapped the PTV in the beam’s eye
view, and the remaining two arcs irradiated the lower PTV inferior to
the ovaries to increase the conformity of the lower PTV. The dose con-
straints of the OARs were based on the Radiation Therapy Oncology
Group 1203 trial guidelines as follows: the bladder volume receiving
45 Gy (V45) should be 35% at most; the rectal volume receiving 40 Gy
(V40) should be 80% at most; V40 for the small bowel should be
30% at most; V40 for the large bowel should be 80% at most; and the
bone marrow volume receiving 10 Gy (V10) and V40 should be 90%
and 37%, respectively, at most [15]. Per the institutional protocol, the
maximum dose (Dmax) to the ovary should be 6 Gy, and the volume
receiving 3 Gy (V3) should be as low as possible. Dose constraints to
prevent side effects were determined based on the literature [16,17].
All dose calculations were performed using Anisotropic Analytical
Algorithm in Eclipse ver. 11.0.47 (Varian Medical Systems, USA), and
the center of the mass of the PTV was defined as the isocenter.

Each patient was irradiated using a Clinac 23EX (Varian) imple-
mented Exact Couch (Varian), which is a four-degree-of-freedom
(DOF) couch and a 6-MV photon beam. First, the patient was aligned
using skin markers, the Moldcare immobilizing brace, and a room laser.
Second, orthogonal kilovoltage X-ray image guidance was performed
in each session using On-Board Imager (Varian). CBCT images were
also acquired once weekly after orthogonal imaging. Both X-ray and
CBCT image guidance corrected only the translational setup errors
because Exact Couch cannot correct the pitch and roll setup errors.

Rotational setup error analysis
The procedure flowchart of the present study is illustrated in Fig. 1. Six
to seven CBCT sets were obtained per patient. In total, 121 CBCT sets
were registered to reference the CT sets based on the bony landmarks
(from the upper rim of the fourth lumbar vertebra to the top of the
pelvic bone). This was done by employing a rigid image registration
application (Eclipse, Varian) using the downhill simplex method and
mutual information. Automatic rigid image registration was performed
thrice while reducing the resolution size. All rigid image registrations
were verified manually after automatic image registration. The residual
rotational setup errors (pitch, yaw and roll) were still present after
the image guidance procedure were calculated. Pitch was defined as a
rotation around the right-to-left axis through the isocenter, yaw was
defined as a rotation around the anterior-to-posterior axis through
the isocenter, and roll was defined as a rotation around the superior-
to-inferior axis through the isocenter. The positive directions were
defined as raising the head and lowering the feet for pitch, moving
the head to the right for yaw and lifting the right side and lower-
ing the left for roll, as illustrated in Fig. 2a, b and c. The mean and
standard deviation (SD) rotational setup errors were calculated as the
averages and SDs of the absolute rotational setup errors for individual
patients.

Dose recalculation on the rotational reference CT set
The reference CT, structure sets and CBCT sets were imported from
Eclipse into MIM Maestro ver. 6.6.12 (MIM Software Inc., USA) in
DICOM format. Then, the reference CT sets were registered with the
CBCT sets, and the calculated rotational setup errors were manually
substituted. In total, 121 rotational reference CT sets and structure
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Fig. 2. (a), (b) and (c) Treatment planning during postoperative VMAT for cervical cancer, on the axial, coronal and sagittal
planes. The contouring of the CTV, PTV, bladder and rectum are illustrated as black, red, blue and brown lines, respectively. The
color wash is shown as the prescription dose to 95% of the PTV. The isocenter is indicated by a cross. The positive and negative
directions of the rotational setup errors are shown on each plane. (d) The measurement of the minimum distance between the
ovaries (green and light green lines) and the PTV surface, using a scaling tool on the coronal plane

sets involving the calculated rotational setup errors were created. MIM
Maestro was used to create these rotational reference CT sets and
structure sets because of the unavailability of Eclipse. Dose distribu-
tions were recalculated on these CT sets with Eclipse using the same
beam parameters as in the treatment plans. All structure volumes in the
rotational reference CT sets were compared with reference structure
volumes to ensure the accuracy of the creations.

Evaluation of dosimetric impact
of rotational setup errors

The recalculated and reference dosimetric parameters were then com-
pared, defining the difference of each dosimetric parameter as the
recalculated dosimetric parameter minus the reference value. For the
CTV, the D2 (near-maximum dose), D95, D98 (near-minimum dose),
Paddick’s conformity index (CI) and homogeneity index (HI) were
calculated as the dosimetric parameters representing the target cover-
age [18,19]. The CT and HI are defined using the following formulae:

CI = TVP

TV
× TVP

VP
× 100%

where TVP is the target volume covered by the prescription dose, TV
is target volume and VP is volume of the prescription dose.

HI = D2 − D98

DP
× 100%

where DP is the prescription dose.
For the OARs, we calculated the V45 for the bladder; V40 for

the rectum, small bowel and large bowel; V10 and V40 for the bone
marrow; and Dmax and V3 for the ovaries. The correlation coefficients
between the dosimetric parameter differences and rotational setup
errors were calculated. In addition, for the ovaries, the correlation
between the dosimetric parameters and minimum distance from the
PTV surface was evaluated for each VMAT technique. The minimum
distance from the PTV surface was measured with a scaling tool within
Eclipse, observing the contours of the ovaries and PTVs on all coronal
planes, as illustrated in Fig. 2d.

Moreover, six to seven CBCT sets per patient were assumed to be
a representative sample of the 28 fractions. Averaging the six to seven
fractional dosimetric parameter differences per patient, the dosimetric
parameter differences in the overall fraction were evaluated per patient.

RESULTS
The rotational setup errors for the three axes in all fractions for all
patients are illustrated in Fig. 3. The mean ± SD of the pitch, yaw and
roll setup errors were 0.88◦ ± 0.64◦, 0.42◦ ± 0.38◦ and 0.36◦ ± 0.26◦,
respectively. The maximum pitch, yaw and roll setup errors were 3.90◦,
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Fig. 3. Rotational setup errors with respect to three axes in all fractions for each of the 20 patients. The pitch setup error is
considerable compared to the yaw and roll setup errors.

−2.61◦ and −2.13◦, respectively. The pitch setup error was consider-
ably larger than the yaw and roll setup errors.

All volume differences between the reference and rotational struc-
ture sets were either less than 1% or 1 cc for all the structures, indicating
that the rotational reference CT and structure sets were created accu-
rately. Only the pitch setup error was found to be strongly correlated
with D2, D95 and D98 differences for the CTV, as illustrated in Fig. 4a.
In addition, only the pitch setup error was found to be moderately
correlated with the CI and HI differences for the CTV. Fig. 4b and c
depict the correlations for the yaw and roll setup errors, respectively.
All correlation coefficients for the CTV are summarized in Table 2. The
maximum difference was −1.59% for D98 in a single fraction.

Similarly, only the pitch setup error was found to be strongly cor-
related with the difference in V45 for the bladder (Fig. 5a), with a
correlation coefficient of 0.91. The maximum difference was 11.72%
in a single fraction, corresponding to a pitch setup error of 2.81◦.
However, the yaw and roll setup errors were not correlated with the
difference in V45 for the bladder (Fig. 5b and c).

The differences in V40 for the rectum, small bowel and bone mar-
row were also found to be strongly correlated with the pitch setup error.
In contrast, the differences in almost all the OAR parameters (except in
V40 for the large bowel) were not correlated with the yaw and roll setup
errors (Table 2). The correlations between V40 for the rectum and the
rotational setup errors were similar to those of V45 for the bladder.

The minimum distance from the PTV surface was strongly corre-
lated with the reference value of Dmax for the ovaries in both VMAT
techniques (Fig. 6a). Furthermore, the reference values of V3 for the
ovaries were also moderately or strongly correlated with the minimum
distance in both VMAT techniques (Fig. 6b). The mean ± SD of the
reference value for Dmax and V3 for the ovaries in the two-arc VMAT
were 8.08 ± 2.78 Gy and 83.42 ± 30.84%, respectively. However, the
mean ± SD of the reference value of Dmax and V3 for the ovaries in the
four-arc VMAT were 5.34 ± 1.91 Gy and 49.83 ± 23.19%, respectively.
The dose received by the ovaries was lower when the four-arc was
used compared to that when the two-arc VMAT technique was used.
Rotational setup errors caused the Dmax and V3 for the ovaries to
change by a maximum of 5.33 Gy and 9.20%, respectively, in a single
fraction.

The differences in the overall dosimetric parameters for all patients
are summarized in Table 3. The maximum overall differences in the
CTV were −0.32% for D2, −0.60% for D95, −0.69% for D98, 0.76 for
CI and 0.51 for HI. Similarly, the maximum overall differences in the
large bowel and the bone marrow were −0.96% for V40 and −0.71%
for V40, respectively. However, the maximum overall differences in
the other OARs were 5.17% in V45 for the bladder (patient #20),
−4.68% in V40 for the rectum (patient #3), −3.40% in V40 for the
small bowel (patient #20), 3.56 Gy in Dmax for the ovary (patient
#11), and −3.91% in V3 for the ovary (patient #5). Only the overall
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Fig. 4. Correlations between the differences in D2 (circles), D95 (squares) and D98 (crosses) in the CTV and the (a) pitch, (b) yaw
and (c) roll setup errors. The solid, dotted and dashed lines represent the linear regression lines for D2, D95 and D98, respectively.

dosimetric parameter differences in V3 for 9 ovaries were zero. All
these ovary volumes received more than 3 Gy (i.e. V3 was 100%)
(Fig. 6b).

DISCUSSION
The direct impact of the rotational setup errors on the doses received
by the target and OARs in those with cervical cancer during post-
operative VMAT is unclear. This study found four major findings.
First, the pitch setup error was considerably larger than the yaw and
roll setup errors, consistent with the results of previous studies on
the pelvic region [6,8,10,20–22]. Recent reports have shown that this
difference is caused by the relative difficulty in aligning longitudinal
skin markers, compared to aligning vertical and lateral skin markers,
in the pelvic region using room lasers [8,20]. Our results agree with
this conclusion. Moreover, the shape of the pelvis and the amount of
subcutaneous fat vary with sex. The female pelvis is oval and broader
than the male pelvis, which is taller and narrower; therefore, the larger
pitch setup error may be caused by the instability of the female pelvis in
the superior-to-inferior direction. Furthermore, fat content is higher in
females than in males. Laaksomaa et al. reported that the tattoo marks
used for patient positioning in female patients shifted in a direction

different from that seen in male patients [10]. In addition, Ahmad et al.
reported that the pitch setup error was moderately correlated with the
different filling of the bladder in the prone position, in locally advanced
cervical cancer patients [23]. They explained that the patients were
probably uncomfortable with the pressure on their belly, with a full
bladder; the patients then adjusted their pelvis orientation to release
the pressure. With reference to their report, the larger pitch setup error
may be caused by differences in filling of the bladder or the rectum
in the supine position. In particular, no instruction regarding rectum
filling was provided in the present study.

Second, only the pitch setup error was strongly correlated with
D2, D95 and D98 (r ≥ 0.70) and moderately correlated with CI and
HI (r ≥ 0.40) for the CTV. Only the pitch setup error was strongly
correlated with several dosimetric OAR parameters (r ≥ 0.91), i.e. V45
for the bladder and V40 for the rectum, small bowel and bone marrow.
Meanwhile, V40 for the large bowel, V10 for the bone marrow and
Dmax and V3 for the ovaries were only weakly correlated with the
pitch setup error. The large bowel is close to the isocenter, and most
of the bone marrow volume received a low radiation dose of 10 Gy.
Consequently, these two OARs were only slightly affected by rotational
setup errors. The ovary parameters may be strongly affected by factors
other than rotational setup errors, as discussed below. In contrast, there
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Table 2. Differences in dosimetric parameters and their correlation coefficients with the rotational setup errors

Difference Correlation coefficient

Mean ± SD Range Pitch Yaw Roll

CTV D2 (%) −0.04 ± 0.13 −0.50–0.30 −0.74 0.32 −0.13
D95 (%) −0.10 ± 0.21 −1.12–0.21 −0.72 0.22 −0.07
D98 (%) −0.13 ± 0.28 −1.59–0.21 −0.70 0.16 −0.02
CI 0.35 ± 0.24 −0.61–0.93 0.40 −0.17 0.06
HI −0.10 ± 0.22 −0.09–1.41 0.47 −0.01 −0.05

Bladder V45 (%) 1.17 ± 2.54 −5.17–11.72 0.91 0.01 −0.03
Rectum V40 (%) −0.92 ± 2.61 −8.03–6.19 −0.91 0.12 −0.07
Small bowel V40 (%) −0.42 ± 1.51 −4.90–3.06 −0.91 0.11 −0.18
Large bowel V40 (%) 0.03 ± 0.43 −1.69–0.91 −0.30 0.26 0.03
Bone marrow V40 (%) 0.15 ± 0.55 −1.10–1.57 0.95 −0.05 0.00

V10 (%) 0.07 ± 0.17 −0.32–0.70 0.39 −0.03 −0.05
Ovary (two-arc) Dmax (Gy) 0.99 ± 1.52 −0.59–5.33 0.46 −0.05 −0.15

V3 (%) 0.30 ± 2.17 −6.11–9.20 0.36 −0.18 0.17
Ovary (four-arc) Dmax (Gy) 0.11 ± 0.34 −0.52–1.48 −0.29 −0.29 0.12

V3 (%) 0.81 ± 2.45 −5.77–5.29 0.15 0.11 −0.19

Abbreviations: CTV = clinical target volume; D2, D95 and D98 = minimum doses received in 2%, 95% and 98% of the volume, respectively; CI = Paddick’s conformity index;
HI = homogeneity index; Dmax = maximum dose; V45, V40, V10 and V3 = volumes receiving 45 Gy, 40 Gy, 10 Gy and 3 Gy, respectively.

were no correlations between the yaw and roll setup errors and almost
all dosimetric parameters because almost all OARs, except the ovaries,
were arranged on the anterior or posterior side of the CTV.

Third, rotational setup errors slightly affected CTV coverage in
a single fraction, despite the CTV being elongated. In contrast, only
the pitch setup error considerably affected the single fractional doses
received by the bladder, rectum and small bowel because these organs
overlapped the PTV, which was the high-dose region. Fu et al. con-
cluded that the rotational setup errors introduce minor dosimetric
influence on IMRT targets for head and neck cancer. However, a notice-
able dose increase was observed for the spinal cord in some patients.
They also concluded that the dosimetric influence of the rotational
setup errors should be evaluated carefully, case by case when OARs are
close to the target. Our results agree with those findings obtained by Fu
et al. [24].

Moreover, the dosimetric parameter differences in the overall frac-
tion in the CTV, large bowel and bone marrow were less than 1% for
all patients. However, the overall differences in V45 for the bladder or
V40 for the rectum were approximately 5% for three patients (patient
#3, 4 and 20), despite the overall differences for most patients being
approximately ≤ 3%. When the pitch setup error was systematic, the
doses received by the bladder or rectum were noticeable. However, a
set of Clinac 23EX and Exact Couch (Varian), which is a four-DOF
couch, cannot measure the pitch and roll setup errors via online imag-
ing. Murphy provided two rules for rotational offset management in
cases where only translational offsets are corrected: (i) the registration
landmarks should closely demarcate the targeted treatment site, and
(ii) the rotational degrees of freedom should not be included in the
rigid registration due to dependence on the relative locations of the
registration landmarks, the treatment site and the rotational axes [25].
Therefore, in our institute, translation only registration was performed
on pelvic bones close to the center of the treatment site. Rotational

correction of a six-DOF couch can sufficiently reduce the dosimetric
differences in targets and normal tissues. However, a six-DOF couch
has the mechanical limit of 3◦, so it may be necessary to perform a
patient setup again if the rotational setup error of 3◦ or more occur.
The translational setup errors of the bony landmarks may be used to
indicate the rotational setup errors. For example, when the rotational
setup error of 3◦ (tan 3◦) is converted with the translational setup error,
the translational setup error is 5.24 mm at an offset position of 10 cm
from the isocenter.

Finally, Dmax for the ovaries in the two-arc VMAT were mod-
erately correlated whereas V3 for the ovaries in the two-arc VMAT
were weakly correlated with the pitch setup error. However, Dmax
for the ovaries in the four-arc VMAT were weakly correlated whereas
V3 for the ovaries in the four-arc VMAT were not correlated with
the pitch setup error. These differences may be caused by the small
number of ovaries (three patients in four-arc VMAT in the present
study). The correlations between the dosimetric parameters and the
minimum distance from the PTV surface were evaluated, and we found
that this distance was strongly correlated with Dmax for the ovaries and
moderately correlated with V3 for the ovaries. These results suggest
that lateral ovary transposition should be performed to ensure that
the ovaries are sufficiently distant from the PTV. Hwang et al. and
Yoon et al. also recommended that the ovaries be sufficiently distant to
preserve ovarian function. Hwang et al. recommended that The PTV
should be more than 1.5 cm above the iliac crest [26,27].

Rotational setup errors influenced the ovarian dose in both single
and overall fractions. The maximum difference in single fraction and
the maximum overall difference was 5.33 Gy and 3.56 Gy for Dmax,
respectively. Rotational setup errors should be considered to avoid
underestimating the ovarian dose, although the planned ovarian dose
in the present study is permissible (ovarian sterilizing dose of 14.3 Gy
at 30 s) [17]. Nevertheless, the dose should be further reduced to 3 Gy
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Fig. 5. Correlations between the difference in V45 for the bladder and the (a) pitch, (b) yaw and (c) roll setup errors. The solid line
represents a linear regression. Only the pitch setup error is strongly correlated with the difference in V45 for the bladder, and the
maximum difference is 11.72%.

to preserve ovarian function [16,28,29]. The dosimetric differences in
V3 for nine ovaries were zero because the volume outside the ovary
received 3 Gy. The doses received by the ovaries were lower in four-
arc VMAT than in two-arc VMAT. However, it should be noted that
scattered radiation from linac is not considered in the commercial
treatment planning system. Kase et al. reported that scattered radiation
contributes from 20% to 40% of the total dose outside a treatment field
depending on the machine collimators, field size and distance from the
field, whereas leakage radiation contributes very little to the total dose
[30]. Qiu et al. reported that scattered doses from IMRT and VMAT
are similar in magnitude, ranging from 100’s of cGy near the field
border to about 10 cGy 30 cm away in gynecological cancer patients
by Mote Carlo simulation [31]. For example, the mean scattered dose
for the kidney was estimated at 40 cGy. An IMRT leakage dose of
approximately 6 cGy is uniformly distributed throughout the patient,
while the leakage dose from VMAT is about 3 cGy due to the reduced
number of monitor units.

A limitation of the present study was that interfractional motions,
intrafractional motions and deformations of the target and normal
tissues were not considered. The target and normal tissues in most

patients could not be contoured because of the limited imaging range
of CBCT and the insufficient image quality of CBCT. As described
in International Commission on Radiation Units and Measurements
Report 62, actual dose distribution should consider not only the setup
error, but also the internal variations from movements of the bowel
and different fillings of the bladder or the rectum [32]. Several studies
have reported that variations in the rectal or bladder volume are cor-
related with significant displacement of the vagina and can cause the
target coverage or OAR doses to change [33–37]. Jurgenliemk-Schulz
et al. reported that the rectal volume difference of 100 cc caused the
vaginal shift of 1 cm in the anterior-inferior direction [35]. Harris et al.
also showed that the median interfractional vaginal motion is 5.8 mm
(range, 0.6–20.2 mm) [38]. The results indicate that the dosimetric
impact observed in the present study may be more substantial. Another
limitation was the small number of ovaries included in the present
study. Further studies are needed to evaluate the dosimetric impact
of rotational setup errors on the ovaries. In addition, lumbar vertebra
bending was not considered in the present study because the indepen-
dent bending that occurs with pelvic rotation only slightly affects setup
errors [22].
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Fig. 6. Correlations of the minimum distance from the PTV surface with (a) Dmax and (b) V3 for the ovaries. The reference values
obtained are indicated by “x” (in two-arc VMAT) or a cross (in four-arc VMAT). The recalculated values are depicted using circles
(two-arc VMAT) or triangles (four-arc VMAT). Values for each patient are connected by vertical solid lines. The solid and dashed
lines represent the linear regression lines for the reference values of the two-arc and four-arc VMAT, respectively.

Table 3. Number of differences in the overall dosimetric parameter for all the 20 patients

Overall Dosimetric Parameter Difference (count)

−5% −3% −1% 0% 1% 3% 5% 7%

CTV D2 11 9
D95 14 6
D98 16 4
CI 20
HI 4 16

Bladder V45 2 2 7 5 3 1
Rectum V40 3 6 5 3 2 1
Small bowel V40 1 4 6 7 2
Large bowel V40 8 11
Bone marrow V40 7 13

V10 8 12
Ovary (two-arc) Dmax 3 7 3 2

V3 1 1 9 1 2 1
Ovary (four-arc) Dmax 2 4

V3 2 1 3

The overall difference of Dmax for the ovary is shown in Gy.
Abbreviations: CTV = clinical target volume; D2, D95 and D98 = minimum doses received in 2%, 95% and 98% of the volume, respectively; CI = Paddick’s conformity index;
HI = homogeneity index; Dmax = maximum dose; V45, V40, V10 and V3 = volumes receiving 45 Gy, 40 Gy, 10 Gy and 3 Gy, respectively.

In conclusion, only the pitch setup error was moderately correlated
with the CTV coverage and strongly correlated with several OARs
(i.e. the bladder, the rectum, the small bowel and the bone marrow).
Although the CTV is elongated in cervical cancer therapy, rotational
setup errors only slightly affected its coverage during postoperative
VMAT. However, the pitch setup error occasionally affected the doses
received by the bladder or the rectum in the overall fraction. Further-
more, systematic pitch setup errors have a marked impact on the doses

received by the bladder or rectum. Thus, rotational setup errors should
be corrected by adjusting six-DOF couches to reduce dosimetric dif-
ferences in OARs.
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