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Introduction

High-risk prostate cancer is treated with a com-
bination of radiotherapy and hormone therapy, and 
the pelvic lymph nodes (PLNs) may be included in 
the clinical target volume (CTV) [1]. The prostate 
and PLNs can be treated with the simultaneous 
integrated boost (SIB) technique [2]. 

Online image-guided radiotherapy (IGRT) based 
on the fiducial markers (FMs) in prostate can re-
duce rectal doses and toxicities [3, 4]. The effect of 
prostate-based IGRT on the dose to PLNs and or-
gans at risk (OAR) was investigated in cases where 
both the prostate and PLNs were treated simulta-
neously [5–8]. Eminowicz et al. [5] simulated the 
dose to PLNs by applying the incremental 1-mm 
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Background: The target volume increases when the prostate and pelvic lymph nodes (PLNs) are combined, and the fiducial 
markers (FMs) are placed at the edge of the irradiation field. Thus, the position of FMs may be changed by the rotational er-
rors (REs) of “whole pelvis”. The aim of this study was to examine the impact of REs of “whole pelvis” on the dose of FMs-based 
image-guided radiotherapy to the PLNs and the small bowel in prostate cancer including the PLNs.

Materials and methods: We retrospectively evaluated 10 patients who underwent prostate cancer radiotherapy involving 
the PLNs. The position of FMs was calculated from the radiographs obtained before and after the 6D correction of pelvic REs. 
We simulated the delivery dose considering the daily pelvic REs and calculated the difference from the planned dose in the 
D98% of the PLN clinical target volume and the D2cc, and V45Gy of the small bowel. 

Result: The position of FMs strongly correlated with the pelvic REs in the pitch direction (r = 0.7788). However, the mean de-
livered doses to PLNs for 10 patients were not significantly different from the planned doses (p = 0.625). Although the D2cc and 
V45Gy of the small bowel strongly correlated with the pitch rotation of the pelvis, there was no significant difference between 
the delivered and planned doses (p = 0.922 and p = 0.232, respectively).

Conclusion: The dosimetric effect of pelvic REs on the dose to PLNs and the small bowel was negligible during the treatment 
course.
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isocenter (IC) shifts in the treatment planning sys-
tem in each direction, and reported that the risk of 
inadequate PLNs coverage was less than 1%. Nunen 
et al. [2] reported the differences in OAR dose for 
the bone match and prostate match.

The target volume increases when the prostate 
and PLNs are combined, and the entire pelvis need 
to be irradiated. For treatment planning, the FMs 
are placed at the edge of the irradiation field be-
cause the IC position will be placed at the center 
of the target volume. For patient setup, rotational 
errors (REs) of “whole pelvis” lead to displacement 
at the ends of the target volume [9]. Thus, the mag-
nitude of IC shifts will be changed by the displace-
ment of the position of FMs because of pelvic REs, 
which might be the cause of increased risk to the 
small bowel or decreased dose to the PLNs. 

In previous studies, the pelvic REs were never cor-
rected before the prostate-based IGRT and only the 
3D cone beam computed tomography (CBCT)-based 
[6,8] or 3D FM-based matching [10] was performed. 

First, we investigated the impact of pelvic REs 
on the position of FMs using the radiographs ob-
tained before and after correction of the pelvic REs. 
Second, we evaluated the effect of the correction of 
pelvic REs on the dose to PLNs and small bowels by 
simulating the daily IC shifts and pelvic REs.

Materials and methods

Patient selection
This study was approved by our institutional eth-

ics board. We retrospectively evaluated 10 patients 
who underwent volumetric modulated arc therapy 
(VMAT) for prostate cancer, including the PLNs, 
between March 2015 and November 2017. Nine pa-
tients had two FMs (VISICOILTM; IBA Dosimetry, 
Bartlett, TN, USA), and one patient had one FM 
implanted in the prostate. The patients were immo-
bilized in a supine position using a Hip-Fix, Vac-Lok 
cushion (CIVCO, Kalona, IA, USA) and heel sup-
port, and were instructed to fill their bladder 1 hour 
prior to planning computed tomography (CT) ac-
quisition. The planning CT images were acquired us-
ing an Aquilion LB (Canon Medical Systems Corp., 
Tokyo, Japan) with a slice thickness of 2 mm. 

Treatment planning
The contours, which had been delineated by 

a single radiation oncologist, were as follows: the 

prostate, seminal vesicles, bladder, rectum, femo-
ral heads, small bowel, large bowel, and PLNs. The 
prostate CTV includes the whole prostate and semi-
nal vesicles and was expanded by 9 mm in all di-
rections, except the posterior direction in which 
a 5-mm expansion was used to form the planning 
target volume (PTV) of the prostate. The delineation 
of the CTV for the PLNs (CTVLN) was based on con-
sensus recommendations from the RTOG contour-
ing guidelines [11]. The CTVLN was expanded by 5 
mm in all directions to form the PTV for the PLNs 
(PTVLN). The small and large bowels were contoured 
by individual loops. When the overlap of contours 
between the small bowel and PTVLN occurred, the 
small bowel was prioritized to achieve constraints.

For each patient, the VMAT plan with three arcs 
was constructed in Eclipse ver.11.0.31 (Varian Medi-
cal Systems, Palo Alto, CA, USA). All treatment plans 
were created with simultaneous integrated boost 
technique in 39 fractions using 10 MV photons. The 
IC position was placed at the center of the entire 
treatment volume, including both targets (prostate 
PTV + PTVLN) [2, 12]. An example of the IC and the 
position of FMs for treatment planning is shown in 
Supplementary File — Figure S1. The dose was pre-
scribed 78 Gy to the prostate PTV, and 58.5 Gy to the 
PTVLN. The dose objectives of the small bowel were as 
follows: V30Gy < 50% and V45Gy < 10%. Dose calcula-
tion was performed using the AcurosXB algorithm. 
All patients were treated with a Clinac iX linear accel-
erator (Varian Medical Systems, Palo Alto, CA, USA).

IGRT strategy
All treatments were performed by using the 

routine ExacTrac X-ray IGRT system. (BrainLAB 
AG, Germany). The IGRT protocol of our institu-
tion consists of two steps. In the first step, after 
setup using a laser, two oblique radiographs are 
obtained, and then a 6 D bone matching is per-
formed by comparing with the digitally recon-
structed radiographs (DRRs) generated from the 
planning CT. In the second step, two oblique ra-
diographs are obtained, and the 3D FMs match-
ing is performed. 3D calculation of the position 
of FMs with the ExacTrac system is performed 
by manual matching of the FMs between the ra-
diographs and DRRs. Thus, the radiographs were 
obtained before and after correction of the pelvic 
REs (defined as radiographs A and B in this study, 
respectively). 
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Pelvic REs and 3D positions of FM 
Figure 1A shows the definition of positive trans-

lation and rotation with respect to each axis in this 
study. We obtained the pelvic REs from radiographs 
A for all treatments. Next, we calculated the 3D 
displacement of FMs from their position on the 
planning CT images and compared them between 
radiographs A and B. Moreover, we examined the 
correlations between directions of pelvic REs and 
the difference in FM positions before and after the 
correction of pelvic REs. 

Simulations
Figure 1B shows the flowchart of IGRT scenario 

simulation. Scenario A was simulated based on 3D 
FMs matching using radiographs A, i.e., the 3D 
FM matching was performed under conditions of 
uncorrected pelvic REs. Scenario B was simulated 
based on 3D FM matching using radiographs B.

Simulation of scenario A
Pelvic REs during the course of treatment were 

simulated based on the rotations of planning CT 

images. Planning CT images with the contours 
were transferred to the MIM maestro Ver. 6.4 
(MIM Software Inc., Cleveland, OH, USA). We 
created the rotated CT images using the “Edit 
rotation” tool of the MIM, which can rotate all 
CT images in all directions and to any magnitude 
and can generate new CT images. The rotated 
CT images were created based on the pelvic REs 
obtained from radiographs A, which were gen-
erated for all fractions. These CT images with 
the contours were transferred to the Eclipse for 
dose calculation. The IC position was determined 
based on the corresponding point on the original 
plan on the rotated CT images and shifted on the 
basis of the FM position calculated from radio-
graphs A. Dose calculation was performed using 
the same monitor unit (MU) and multi-leaf col-
limator (MLC) motion as that in the original plan 
for all fractions.

Simulation of scenario B
We assumed that pelvic REs was completely re-

moved by the 6D bone match, and we did not con-

Figure 1.A. Patient position and the coordinate system; arrows indicate positive translation and rotation with respect to each 
axis in this study; B. Flowchart of image-guided radiotherapy (IGRT) simulations from patient setup to treatment. Scenario A 
was simulated on the basis of the 3D FM matches, performed under conditions of uncorrected pelvic REs, using radiographs 
A, and scenario B was simulated on the basis of the 3D FM matches after 6D bone matches using radiographs B. The red and 
green arrows indicate the FMs and bone matches between the digitally reconstructed radiographs (DRRs) and radiographs

Radiographs A

Patient setup by laser

Scenario A Scenario B

Radiographs B

3D FMs match

3D FMs match

Treatment

Treatment

A B
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sider residual rotational errors. The IC position in 
the original plan on the planning CT images was 
shifted based on the FM position obtained from 
radiographs B, and re-calculation of the dose dis-
tribution was performed by using the same MU 
and MLC motion as that in the original plan for all 
fractions.

Difference in DVH parameters  
from planned dose for each scenario
We examined the differences in dose volume 

histogram (DVH) parameters from planned dose 
in each scenario and compared them between sce-
nario A and B.

For each fraction dose, the differences in D98% of 
CTVLN (Gy) and D2cc of the small bowel (Gy) from 
the planned dose were calculated as follows: 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) =  𝐷𝐷�������� − 𝐷𝐷����
𝐷𝐷���� × 100 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) = 𝑉𝑉�������� − 𝑉𝑉���� 

 

𝐷𝐷���� (%) =
𝐷𝐷��������� − 𝐷𝐷���������

𝐷𝐷���� × 100 

 

𝑉𝑉���� (%) = 𝑉𝑉��������� − 𝑉𝑉���������  

   (1)

where Dscenario and Dplan are the doses for each sce-
nario and the original plan, respectively.

The difference in V45Gy of the small bowel (%) 
from the plan volume was calculated as follow:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) =  𝐷𝐷�������� − 𝐷𝐷����
𝐷𝐷���� × 100 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) = 𝑉𝑉�������� − 𝑉𝑉���� 

 

𝐷𝐷���� (%) =
𝐷𝐷��������� − 𝐷𝐷���������

𝐷𝐷���� × 100 

 

𝑉𝑉���� (%) = 𝑉𝑉��������� − 𝑉𝑉���������  

   (2)

where Vscenario and Vplan are the volumes for each 
scenario and the original plan, respectively. 

Next, we calculated the differences in DVH pa-
rameters between scenarios A and B as follows:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) =  𝐷𝐷�������� − 𝐷𝐷����
𝐷𝐷���� × 100 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) = 𝑉𝑉�������� − 𝑉𝑉���� 

 

𝐷𝐷���� (%) =
𝐷𝐷��������� − 𝐷𝐷���������

𝐷𝐷���� × 100 

 

𝑉𝑉���� (%) = 𝑉𝑉��������� − 𝑉𝑉���������  

   (3)

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(%) =  𝐷𝐷�������� − 𝐷𝐷����
𝐷𝐷���� × 100 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) = 𝑉𝑉�������� − 𝑉𝑉���� 

 

𝐷𝐷���� (%) =
𝐷𝐷��������� − 𝐷𝐷���������

𝐷𝐷���� × 100 

 

𝑉𝑉���� (%) = 𝑉𝑉��������� − 𝑉𝑉���������     (4)

where Ddiff indicates the difference in D98% of CT-
VLN (Gy) or D2cc of the small bowel (Gy) and Vdiff 
indicates the difference in V45Gy of the small bowel 
(%). We examined the correlations between the di-
rections of the pelvic REs and the differences in 
DVH parameters between scenarios A and B.

Estimation of the delivery dose during  
a treatment course for each scenario
For individual patients, the cumulative delivered 

dose for the entire course of therapy was calculated 
based on the sum of the fraction doses in each sce-

nario. We compared the original planned dose and 
cumulative delivered dose in scenarios A and B for 
ten patients.

Statistical analysis
Statistical analysis was performed using JMP® 

13 (SAS Institute Inc., Cary, NC, USA). Paired 
Student’s t-tests were used for identifying signifi-
cant differences in the position of FMs with and 
without pelvic REs. Pearson’s correlation analysis 
was used to explore the relationship between the 
direction of the pelvic REs and the difference in 
the position of FMs. A Wilcoxon signed-rank test 
was used to determine significant differences in 
DVH parameters between scenarios A and B, and 
between the original planned dose and cumulative 
delivered dose in scenarios A and B. Spearman’s 
rank correlation coefficients were used to explore 
the relationship between the direction of pelvic 
REs and the differences in DVH parameters. A P-
value of < 0.05 was considered significant for all 
statistical tests.

Results

Pelvic REs and displacement of FMs  
Table 1 shows the pelvic REs and the displace-

ment of FMs before and after correction of the pel-
vic REs during the treatment for 10 patients. 

The means of pelvic REs ± standard deviations 
(SD) were — 0.2 ± 0.6, 0.2 ± 0.7, 0.3 ± 1.2 for yaw, 
roll, and pitch, respectively. The SD of the pitch 
direction was larger than that of the yaw and roll 
directions. 

The displacement of the FMs were significant-
ly different in the vertical and lateral directions 
(p < 0.001). In the vertical direction, the displace-
ments of the FMs exceeding the PTV margin of 
PLNs were reduced by correcting the pelvic REs, 
as shown in Supplementary File — Figure S2. In 
the lateral direction, these were not observed at 
distances of more than 5 mm with or without pel-
vic REs. 

In the vertical and lateral directions, difference in 
the position of the FMs before and after the correc-
tion of pelvic REs were strongly correlated with the 
pelvic REs of the pitch and yaw directions, respec-
tively, as shown in Supplementary File — Figure S3. 
In the longitudinal direction, the displacement of 
the FMs had no significant correlation with the 
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pelvic REs. Correlations between the directions of 
the pelvic REs and the 3D displacements of the FMs 
are shown in Supplementary File — Table S1.

Differences in DVH parameters  
from planned dose for each scenario
For all fraction doses, the mean percentage dif-

ferences ± standard error for CTVLN (Gy) were — 
0.8 ± 0.1% in scenario A and – 0.6 ± 0.1% in sce-
nario B. Although there was a significant difference 
in the CTVLN between scenario A and B (p = 0.022), 
the mean decrease rate was less than 1 %. The D2cc of 
the small bowel increased more in scenario A than 
in scenario B (2.4 ± 0.3% and 0.2 ± 0.3%, respec-
tively; p < 0.001). The differences in V45Gy of the 
small bowel in scenario A were larger than those in 
scenario B (1.9 ± 0.2% and 1.0 ± 0.1%, respectively; 
p < 0.001). 

Correlations between the pelvic REs  
and difference in DVH parameters

Figure 2 shows the relationship between the pel-
vic REs in the pitch direction and the difference in 
DVH parameters between scenario A and B. The 
DVH parameters of the small bowel were strongly 
correlated with the pitch direction. Correlations be-
tween the direction of pelvic REs and the difference 
in DVH parameters between scenarios A and B are 
shown in Supplementary Table 2.

Comparison of the planned dose  
with the cumulative delivered dose  

in scenarios A and B 
Table 2 shows the DVH parameters of the origi-

nal planned and cumulative delivered doses in sce-
narios A and B for 10 patients. The mean delivered 
doses for ten patients were within — 0.2% of the 
planned dose in both scenarios, with not significant 
difference. For the D2cc and V45Gy of the small bowel, 
the delivered doses were higher in scenario A, the 
maximum difference was observed in patient No. 4. 
However, the DVH parameters of the small bowel 
showed no significant difference between the two 
scenarios and planned doses.

Discussion

We examined the changes in the 3D position of 
FMs due to the pelvic REs and estimated on the 
PLNs coverage and the dose to the small bowel. 
Although the positions of FMs were significantly 
different in the vertical direction after the correc-
tion of pelvic REs, the dosimetric effect of pelvic 
REs on the dose to PLNs and the small bowel was 
negligible.

For the prostate-only radiotherapy, IC is placed 
close to the centroid of the implanted FMs [13]. 
When VISICOILTM is used for IGRT, the ExacTrac 
software can detect the endpoint of two VISI-

Table 1. Displacement of fiducial markers (FMs) before and after the correction of the pelvic rotational errors (REs) during 
treatment course for 10 patients

Patient no

Before correction of pelvic REs After correction of pelvic REs

Displacement of FMs [mm] Pelvic REs [deg] Displacement of FMs [mm]

Ver Long Lat Yaw Roll Pitch Ver Long Lat

1 −1.1 (1.0) 0.6 (1.1) −0.1 (0.3) −0.4 (0.2) −0.2 (0.4) 0.5 (0.6) −1.3 (1.1) 0.4 (1.0) 0.1 (0.4)

2 −0.9 (1.5) −2.3 (1.5) 0.0 (0.5) −0.6 (0.4) −0.6 (0.5) 1.8 (0.6) −3.0 (1.8) −2.4 (1.2) 0.3 (0.4)

3 6.2 (1.7) 5.5 (1.7) 0.8 (0.4) 0.4 (0.5) 0.5 (0.5) −0.6 (1.1) 6.2 (1.5) 5.4 (1.8) 0.2 (0.4)

4 6.2 (2.0) 2.9 (1.9) 0.7 (0.4) 0.1 (0.3) 0.2 (0.3) 0.7 (0.3) 4.4 (2.0) 2.3 (1.9) 0.7 (0.3)

5 3.4 (1.5) 2.8 (3.2) −0.4 (0.5) −0.8 (0.3) −0.2 (0.3) 0.7 (0.4) 2.2 (1.6) 2.4 (2.8) 0.3 (0.4)

6 2.0 (1.7) −0.3 (1.5) 0.8 (0.4) 0.3 (0.4) 0.5 (0.5) 0.8 (0.7) 1.1 (1.5) −0.7 (1.2) 0.8 (0.3)

7 −1.2 (1.3) −0.4 (1.5) −0.1 (0.7) −0.9 (0.7) 0.1 (0.7) −1.9 (0.9) 0.4 (1.0) −0.5 (1.5)  0.6 (0.4)

8 2.9 (1.2) 2.8 (1.3) 0.6 (0.6) −0.2 (0.5) 0.7 (0.4) 0.0 (1.0) 2.6 (1.3) 2.8 (1.4) 0.2 (0.3)

9 1.0 (1.5) −0.2 (2.2) −0.3 (0.5) −0.8 (0.4) −0.1 (0.6) 1.0 (0.4) 0.3 (1.2) 0.5 (2.0)  0.3 (0.4)

10 −3.2 (1.6) −2.6 (0.9) 0.1 (0.4) 0.1 (0.5) 1.3 (0.7) 0.2 (0.7) −3.3 (1.2) −2.4 (0.9) 0.0 (0.3)

Mean (SD) 1.5 (3.4) 0.9 (3.0) 0.2 (0.6) −0.2 (0.6) 0.2 (0.7) 0.3 (1.2) 0.9 (3.2) 0.8 (2.9) 0.4 (0.4)

p < 0.001 0.245 < 0.001

Ver — vertical; Long — longitudinal; Lat — lateral; SD — standard deviations; values in parentheses are standard deviation
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COILs (total four points), and then the position 
of FMs can be determined by “6 D calculation”. 
Tanabe at al. [14] reported that the magnitude of 
IC shifts between FM-based IGRT using ExacTrac 
and CBCT-based was highly correlated. In contrast, 
when the IC position does not correspond to the 
prostate, the position of FMs must be determined 
by “3D calculation” after manually aligning the FMs 
between the radiographs and DRRs. This is be-
cause, if the position of FMs is determined by 6D 
calculation considering the rotation of the prostate 
itself, the position of the entire pelvis would be sig-
nificantly moved from the planned position. 

The 3D displacement of FMs caused by the pel-
vic REs is associated with the distance between the 
FMs and the IC position [15]. The SD of the pelvic 
REs in the pitch direction was greater than that in 
the yaw and roll directions, consistent with previ-

ous reports [9, 18]. Thus, the position of FMs was 
strongly affected by the movement of field edge 
resulting from the pitch rotation of the pelvis in 
addition to the bladder volume and rectal filling, 
and large displacements of the FMs occurred in the 
vertical direction. Conversely, displacements of the 
FMs in the lateral direction were less than 5 mm, 
despite the addition of the pelvic rotation in the 
yaw direction.

With or without the pelvic REs, the position of 
the prostate is corrected based on the position of 
the FMs. In contrast, the PLNs and small bowel 
in the opposite direction might be affected by the 
change in the magnitude of IC shifts resulting from 
the pelvic REs. We simulated the IC shifts to evalu-
ate the dose to the PLNs and the small bowel with 
and without pelvic REs. For each fraction dose, the 
D98% of CTVLN in scenario A was slightly lower than 

Figure 2. Relationship between pelvic rotational errors (REs) in the pitch direction and the differences in the following dose 
volume histogram (DVH) parameters: (A) D98% of clinical target volume — CTV (CTVLN), (B) D2cc, and (C) V45Gy of the small bowel 
between scenarios A and B for each fraction. The horizontal axis indicates the pelvic REs of the pitch direction
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that in scenario B. In the vertical direction, IC shifts 
exceeding the PTV margin of PLN occurred fre-
quently in scenario A because the displacements of 
the prostate caused by the pelvic REs added motion 
to the prostate itself. The change in DVH parame-
ters of the small bowel was associated with the mag-
nitude of the IC shift and pitch rotation because of 
the close proximity to high-dose regions (PTVLN). 
When pitch rotation of the pelvis occurred in the 
positive direction, the region of the small bowel in 
the superior field edge was shifted to the side of the 
PTVLN. At the same time, the position of FMs was 
displaced in the anterior direction. Thus, after per-
forming prostate matching, the small bowel region 
was strongly shifted towards the PTVLN.

Pelvic REs are always present during setup for 
any course of treatment [9, 18]. We estimated the 
delivered dose to the PLNs and small bowel taking 
both of daily IC shifts and pelvic REs into account 
during the treatment course. The DVH parameters 
of PLNs and small bowel were not significantly dif-
ferent between the planned dose and cumulative 
delivered dose. This is because any event produc-
ing atypical prostate displacement and pelvic REs 
during the treatment course will affect few frac-
tions and will not have a significant effect on the 
cumulated dose distribution [10]. Moreover, if the 
pelvic REs in each direction would occur with equal 

probability during the treatment course, the effects 
of positive and negative shifts would tend to cancel 
out [8]. 

To the best of our knowledge, this is the first 
study to estimate the dose to PLNs and small bowel 
under condition that the daily pelvic REs is con-
sidered. In previous studies, the dose to PLNs and 
small bowel was estimated only by 3D shift. Data 
on daily pelvic REs are limited, and that makes our 
study novel. 6D correction of pelvic REs requires 
orthogonal kV or CBCT images in addition to the 
images obtained by performing the FMs match-
ing. In particular, CBCT imaging is associated with 
a long image acquisition time and a high radiation 
dose to the patient. Our results indicated that the 
pelvic REs should be corrected only when the sys-
tematic errors occur in the pitch direction. In clini-
cal practice, translational errors can easily be cor-
rected online using couch shifts along three axes. 
However, the correction of pelvic REs requires the 
6D robotic couch. Accordingly, when correcting 
REs is difficult, attention should be paid to system-
atic REs in the pitch direction.

Our study has some limitations. First, we ap-
plied the same margin to the CTVLN for both sce-
narios because this study was designed to focus on 
the change in DVH parameters by the pelvic REs. 
When the pelvic REs cannot be corrected, a higher 

Table 2. Dose volume histogram (DVH) parameters of the original plan and cumulative delivered dose of scenarios A and B in 
10 patients

Patient no

CTVLN Small bowel

D98% [Gy] D2cc [Gy] V45Gy (%)

Plan A B Plan A B Plan A B

1 58.4 58.4 58.4 47.7 48.6 45.1 0.8 0.9 0.6

2 58.7 58.9 58.8 58.5 60.3 54.4 4.9 5.4 2.8

3 58.7 57.9 57.9 67.6 64.0 66.9 12.0 14.3 16.0

4 59.0 58.3 59.0 55.3 60.7 58.8 8.5 15.3 12.8

5 59.0 59.4 59.4 59.6 60.9 60.5 15.3 20.6 18.8

6 58.8 59.0 59.0 55.8 58.0 57.3 11.7 14.2 13.4

7 58.7 58.7 58.9 64.1 61.2 64.9 9.4 7.9 9.9

8 58.6 58.8 58.8 56.3 58.6 58.3 17.3 19.5 19.3

9 58.9 59.3 59.1 58.2 58.5 58.3 11.0 12.0 11.7

10 58.8 58.3 57.5 55.4 53.0 51.3 8.2 5.7 4.5

Mean 58.8 58.7 58.7 57.9 58.4 57.6 9.9 11.6 11.0

SD 0.2 0.5 0.5 5.1 4.2 6.0 4.5 6.1 6.2

p 0.734 0.625 0.770 0.922 0.131 0.232

CTV — clinical target volume; SD — standard deviation
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margin may be needed between the CTV and PTV 
[17]. Kershaw et al. [18] reported that the margin 
for the PLNs during bone matching can be smaller 
for the 6D couch than for the 3D couch in the 
vertical direction. Their results were similar to our 
results, i.e., the correction of REs in the pitch direc-
tion can be eliminated by the displacement of PLNs 
in the vertical direction. Second, for one patient, 
IGRT was performed using only one VISICOIL 
because the marker migration occurred before the 
treatment. However, we investigated the difference 
in the 3D position of FMs before and after pelvic 
REs. Thus, we believe that the impact of the number 
of the FMs on our results is small. Third, we focused 
on the dose to small bowel as the OAR in the op-
posite direction to the prostate. Although the dose 
to the rectum and bladder may be reduced by FM 
matching, those organs can exhibit daily variations 
in volume. Therefore, we will focus on the change in 
the dose using daily CBCT images.

Fourth, an interval between radiography assess-
ments occurred between the first and second steps in 
the correction of pelvic REs. Thus, the difference in 
the position of FMs may have been affected slightly 
by the motion of the prostate itself [21, 22]. Fifth, all 
simulations during the treatment course were based 
on planning CT images. Therefore, the daily move-
ment and deformation of the small bowel were not 
considered in the simulation [21]. The accuracy of 
the dose estimation on the PLNs and small bowel 
by using the daily CBCT images can be higher than 
the planning CT images. However, the regions of 
the PLNs and small bowel may leave out of the im-
aging region because the longitudinal field-of-view 
of CBCT was limited. Moreover, the CBCT images 
may have the imaging artifacts and may be the cause 
of decreased dose calculation accuracy.

Conclusion

We examined the impact of pelvic REs on the 
position of FMs and evaluated the effect of the cor-
rection of pelvic REs on the dose to PLNs and small 
bowels using the planning CT images. The position 
of FMs was strongly affected by the pitch rotation 
of the whole pelvis. If the systematic errors occur 
in the pitch direction, the dose of the small bowel 
region may be affected by the pelvic REs. However, 
the dosimetric effect of pelvic REs on the dose to 

PLNs and the small bowel was negligible during the 
treatment course.
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