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Abstract

Purpose: There remain uncertainties due to inter‐ and intraobserver variability in

soft‐tissue‐based patient positioning even with the use of image‐guided radiation

therapy (IGRT). This study aimed to reveal observer uncertainties of soft‐tissue‐
based patient positioning on cone‐beam computed tomography (CBCT) images for

prostate cancer IGRT.

Methods: Twenty‐six patients (7–8 fractions/patient, total number of 204 fractions)

who underwent IGRT for prostate cancer were selected. Six radiation therapists retro-

spectively measured prostate cancer location errors (PCLEs) of soft‐tissue‐based patient

positioning between planning CT (pCT) and pretreatment CBCT (pre‐CBCT) images after

automatic bone‐based registration. Observer uncertainties were evaluated based on

residual errors, which denoted the differences between soft‐tissue and reference posi-

tioning errors. Reference positioning errors were obtained as PCLEs of contour‐based
patient positioning between pCT and pre‐CBCT images. Intraobserver variations were

obtained from the difference between the first and second soft‐tissue‐based patient

positioning repeated by the same observer for each fraction. Systematic and random

errors of inter‐ and intraobserver variations were calculated in anterior–posterior (AP),
superior–inferior (SI), and left–right (LR) directions. Finally, clinical target volume (CTV)‐
to‐planning target volume (PTV) margins were obtained from systematic and random

errors of inter‐ and intraobserver variations in AP, SI, and LR directions.

Results: Interobserver variations in AP, SI, and LR directions were 0.9, 0.9, and

0.5 mm, respectively, for the systematic error, and 1.8, 2.2, and 1.1 mm, respectively,

for random error. Intraobserver variations were <0.2 mm in all directions. CTV‐to‐PTV
margins in AP, SI, and LR directions were 3.5, 3.8, and 2.1 mm, respectively.

Conclusion: Intraobserver variability was sufficiently small and would be negligible.

However, uncertainties due to interobserver variability for soft‐tissue‐based patient

positioning using CBCT images should be considered in CTV‐to‐PTV margins.

K E Y WORD S

interobserver variation, intraobserver variation, prostate cancer image‐guided radiation therapy,

PTV margin, soft‐tissue‐based patient positioning

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2020 The Authors. Journal of Applied Clinical Medical Physics published by Wiley Periodicals, Inc. on behalf of American Association of Physicists in Medicine.

Received: 26 September 2019 | Revised: 29 November 2019 | Accepted: 27 December 2019

DOI: 10.1002/acm2.12817

J Appl Clin Med Phys 2020; 21:2:73–81 wileyonlinelibrary.com/journal/jacmp | 73

mailto:
http://creativecommons.org/licenses/by/4.0/
http://www.wileyonlinelibrary.com/journal/JACMP


1 | INTRODUCTION

Prostate cancer is the most frequently diagnosed cancer in males.

Approximately 1.3 million new cases of prostate cancer and 359 000

associated deaths were reported worldwide in 2018.1 Common

approaches for treating localized prostate cancer include active

surveillance, radical prostatectomy, radiotherapy, and hormonal ther-

apy.2 Since external beam radiation therapy (a minimal dose of

72 Gy) showed similar biochemical relapse‐free survival rates of

localized prostate cancer as radical prostatectomy,3 radiation therapy

has an advantage for elderly people, who cannot undergo surgery

due to complications.2,3

In the current radiation therapy for prostate cancer, image‐
guided radiation therapy (IGRT) with cone‐beam computed

tomography (CBCT) images has been commonly used in clinical

practice to increase the accuracy of patient positioning.4 Zelef-

sky et al. reported that intensity modulated radiotherapy (IMRT)

with image‐guided patient positioning (IGPP) improved prostate‐
specific antigen (PSA) outcomes and toxicities of organs at risk

(OAR).5

Soft‐tissue‐based patient positioning with CBCT images6–9 and

intraprostatic fiducial marker‐based patient positioning10–12 have

been used for more accurate target‐based‐patient positioning

(TBPP). Soft‐tissue‐based patient positioning with CBCT images is a

noninvasive approach and has the advantage of providing soft‐tis-
sue information such as circumstances of targets and critical

organs. However, there are uncertainties due to inter‐ and intraob-

server variability,6–9 which may influence clinical outcomes and

OAR toxicities.

Several studies have assessed inter‐ and intraobserver vari-

ability in soft‐tissue‐based patient positioning.6–9 Some studies

have investigated the accuracy of soft‐tissue‐based patient posi-

tioning with CBCT images compared to patient positioning based

on fiducial markers for patients undergoing external beam radio-

therapy of the prostate.6,7 Jereczek‐Fossa et al. used online

CBCT positioning performed by a radiation oncologist immedi-

ately prior to treatment as reference for manual soft‐tissue‐
based patient positioning reviewed by observers.8 To our knowl-

edge, no observer studies have evaluated inter‐ and intraob-

server variability in soft‐tissue‐based patient positioning using

prostate contours on CBCT images.

We hypothesized that the uncertainties due to inter‐ and

intraobserver variability for soft‐tissue‐based patient positioning

using CBCT images would not be negligible. In this observer study,

the uncertainties of soft‐tissue‐based patient positioning against

contour‐based patient positioning were evaluated by systematic

and random errors of inter‐ and intraobserver variability in ante-

rior–posterior (AP), superior–inferior (SI), and left–right (LR) direc-

tions. Then, clinical target volume (CTV)‐to‐planning target volume

(PTV) margins for the soft‐tissue‐based patient positioning were

calculated from the systematic and random errors of the inter‐ and

intraobserver variations.

2 | MATERIALS AND METHODS

2.A | Overall evaluation scheme of uncertainties for
soft‐tissue‐based patient positioning

The uncertainties for soft‐tissue‐based patient positioning were eval-

uated by inter‐ and intraobserver variations. The interobserver varia-

tions were obtained from residual errors, which denote differences

between soft‐tissue positioning errors and reference positioning

errors. The evaluation scheme of residual errors by each observer

for a fraction is illustrated in Fig. 1. The reference positioning errors

were obtained from prostate cancer location errors (PCLEs) of con-

tour‐based patient positioning between planning CT (pCT) and pre-

treatment CBCT (pre‐CBCT) images. The PCLEs of contour‐based
patient positioning indicate the centroid distance of prostate con-

tours on pCT and pre‐CBCT images. The soft‐tissue positioning

errors were measured from the PCLEs of soft‐tissue‐based patient

positioning in the observer study, which were performed between

pCT and pre‐CBCT images after an automatic bone‐based registra-

tion by six observers. Then, the intraobserver variations were evalu-

ated from the differences between the first and second soft‐tissue‐
based patient positioning repeated by the same observer for each

fraction. Finally, CTV‐to‐PTV margins (hereafter PTV margins) were

calculated from the systematic and random errors of the inter‐ and

intraobserver variations in AP, SI, and LR directions.

2.B | Patient data and setup

This retrospective study was performed with the approval of the

institutional review board of our hospital. Among patients treated

between April 2012 and April 2013, 26 patients (median age: 68 yr;

range: 56–83 yr; Stage: T1–T3a, N0, M0, median initial prostate‐
specific antigen: 10.10 ng/mL; range: 3.56–99.17, median Gleason

score (sum): 7; range: 6–9) who underwent IMRT without fiducial

markers for prostate cancer (76 Gy in 38 fractions of 2 Gy) were

selected. External immobilization with a simple knee support was

used for pCT scans and treatments. Regarding bladder and rectum

preparation, all patients were instructed to empty their bladders and

rectums as much as possible and to drink 300 mL water 30 min

before the scheduled treatment.

2.C | Image acquisition and equipment

The 26 patients were scanned using a pCT (Mx 8000, Philips

Healthcare, Amsterdam, The Netherlands) with tube voltage of

120 kV, in‐plane pixel size of 0.98 mm, and slice thickness of

2.0 mm for treatment planning. Two hundred and four pre‐CBCT
images were acquired (On‐Board‐Imager, Varian Medical Systems

Inc., Palo Alto, USA) with half‐fan mode, with a tube voltage of

120 kVp, in‐plane pixel size of 1.17 mm, and slice thickness of

2.5 mm in 6–9 fractions (mean: 7) in 38 fraction treatment courses

per patient, under a condition (‘‘pelvis’’ mode, 120 kV, 1040 mAs,
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and 365° acquisition angle range with a half‐fan bow tie filter).

The CBCT images were acquired at the beginning of the week to

reduce patient dose according to the principle of “as low as rea-

sonably achievable (ALARA)”.

2.D | Measurement of soft‐tissue‐based patient
positioning errors based on observer study

Soft‐tissue positioning errors were measured from PCLEs of soft‐tis-
sue‐based patient positioning in the observer study performed

between pCT and pre‐CBCT images after automatic bone‐based reg-

istration by six observers. The six observers with 3–14 yr of experi-

ence as radiation therapists (RTs) received prior training on the soft‐
tissue‐based patient positioning procedures. Each observer first per-

formed automatic registration to bone anatomy between pCT and

pre‐CBCT images and then manually refined prostate position in AP,

SI, and LR directions without rotation correction. The observers

could utilize the transverse, sagittal, and coronal plane views and

adjust window/level at any time. The contours of the prostate, semi-

nal vesicles (SVs), rectum, and bladder delineated on pCT images

were overlaid on pre‐CBCT images to aid soft‐tissue‐based patient

positioning.13 The ARIA Oncology Information System (Varian Medi-

cal Systems Inc., Palo Alto, USA) off‐line review tool was used for

matching pCT with pre‐CBCT images.

2.E | Determination of reference positioning errors
based on contour‐based patient positioning

Contour‐based patient positioning based on the prostate contour

delineated on pre‐CBCT images was used as a reference posi-

tioning for soft‐tissue‐based patient positioning. The reference

positioning errors were obtained from the PCLEs of contour‐
based patient positioning between the pCT and pre‐CBCT
images, which indicate the centroid distance of the prostate con-

tours on these images. Prostate contours on the pre‐CBCT
images for each fraction were determined based on a consensus

between the radiation oncologist (S.O.) and medical physicist

(T.H.) using a commercially available radiation treatment planning

(RTP) system (Eclipse version 10.0; Varian Medical Systems Inc.,

Palo Alto, USA).

2.F | Interobserver variations

Inter‐observer variations were evaluated from the residual errors,

which denoted the differences between the soft‐tissue positioning

errors and reference positioning errors for each fraction. The sys-

tematic error (ɛinter) and random error (σinter ) for interobserver varia-

tions were calculated from the root mean square (RMS) of the

residual errors by N observers, respectively, as

F I G . 1 . The evaluation scheme of residual errors by each observer on pre‐cone‐beam computed tomography image of a fraction.
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ɛinter ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N
∑
N

j¼1
ɛ2inter; j

s
(1)

and

σinter ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N
∑
N

j¼1
σ2inter; j

s
; (2)

where N is the number of observers. ɛinter;j and σinter;j represent sys-

tematic and random errors of the residual errors for an observer j,

respectively. The systematic error (ɛinter;j) and random error (σinter;j)

for an observer j were given by

ɛinter; j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
∑
n

i¼1
minter; i; j �minter; j

� �2s
(3)

and

σinter; j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
∑
n

i¼1
σ2inter; i; j

s
; (4)

respectively,where n is number of patients. minter;i;j and minter;j repre-

sent the mean residual error of a patient i by an observer j and the

mean residual error of all patients by the observer j, respectively.

σinter;i;j represents the SD of the residual error of a patient i by an

observer j. minter;i;j and minter;j are given by

minter; i; j ¼ 1
F
∑
F

k¼1
dinter; i; j; k; minter; j ¼ 1

n
∑
n

i¼1
minter; i; j; (5)

where F is the number of fractions. dinter;i;j;k represents the residual

error at a fraction k of a patient i by an observer j, which denotes

the difference between a soft‐tissue positioning error and reference

positioning error at each fraction.

2.G | Intraobserver variations

To further explore the effect of intraobserver variations in soft‐tis-
sue‐based patient positioning on prostate IGRT, each observer

repeated the soft‐tissue‐based patient positioning process for the

same cases 3 months later. An intraobserver variation was evaluated

as the difference between the first and second soft‐tissue‐based
patient positionings repeated by an observer at each fraction of a

patient. Five observers participated in the observer study with ten

patients. The systematic error (ɛintra) and random error (σintra) for

intraobserver variations were calculated from the RMS of the

intraobserver errors by N observers, respectively, as

ɛintra ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N
∑
N

j¼1
ɛ2intra; j

s
(6)

and

σintra ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N
∑
N

j¼1
σ2intra; j

s
; (7)

where N is the number of observers. ɛintra;j and σintra;j represent sys-

tematic and random errors of the intraobserver errors for an

observer j, respectively. The systematic error (ɛintra;j) and random

error (σintra;j) for an observer j were given by

ɛintra; j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
∑
n

i¼1
mintra; i; j �mintra; j

� �2s
(8)

and

σintra; j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
∑
n

i¼1
σ2intra; i; j

s
; (9)

where n is number of patients. mintra;i;j and mintra;j represent the mean

intraobserver error of a patient i by an observer j and mean intraob-

server error of all patients by the observer j, respectively. σintra;i;j rep-

resents SD of the intraobserver errors of a patient i by the observer

j. mintra;i;j and mintra;j are given by

mintra; i; j ¼ 1
F
∑
F

k¼1
dintra; i; j; k; mintra; j ¼ 1

n
∑
n

i¼1
mintra; i; j; (10)

where F is the number of fractions. dintra;i;j;k represents the intraob-

server error at a fraction k of a patient i by an observer j, which

denotes the difference between the first and second soft‐tissue‐
based patient positioning repeated by an observer at each fraction

of a patient.

2.H | PTV margin calculations

Planning target volume margins were calculated from the systematic

and random errors of interobserver and/or intraobserver variations

using the van Herk’s margin formula,14 as follows:

PTV margin ¼ 2:5
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ɛ2inter þ ɛ2intra

q
þ 0:7

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ2inter þ σ2intra

q
(11)

This formula was derived based on a dose‐population histogram to

deliver at least 95% of a prescribed dose to 90% of a patient population.

3 | RESULTS

3.A | Residual errors

Figure 2 shows the residual errors between soft‐tissue positioning

errors and reference positioning errors for 204 fractions for all

patients by six observers in AP, SI, and LR directions. Variations of

the residual error were largest in SI direction and smallest in LR

direction.

3.B | Interobserver variations

Figure 3 shows the systematic errors of interobserver variations cal-

culated from the residual errors for each observer in AP, SI, and LR

directions. The systematic errors of interobserver variations for each

observer in AP, SI, and LR directions were 0.7–1.1 mm, 0.6–1.1 mm,

and 0.4–0.5 mm, respectively. The RMSs of the systematic errors for

interobserver variation by six observers were 0.9, 0.9, and 0.5 mm in

AP, SI, and LR directions.
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Figure 4 shows the random errors of interobserver variations for

each observer in AP, SI, and LR directions. The random errors of the

interobserver variations for each observer in AP, SI, and LR direc-

tions were 1.6–1.8 mm, 1.7–2.2 mm, and 0.9–1.0 mm, respectively.

The RMSs of the random errors for interobserver variations by the

six observers were 1.8, 2.2, and 1.1 mm in AP, SI, and LR directions.

3.C | Intraobserver variations

The systematic and random errors of intraobserver variations calcu-

lated as the difference between the first and second soft‐tissue‐
based patient positioning repeated by each observer for each frac-

tion were <0.2 mm in AP, SI, and LR directions.

3.D | PTV margins

Figure 5 shows the PTV margins calculated from the systematic and

random errors of interobserver and/or intraobserver variations in AP,

SI, and LR directions. The PTV margins required for interobserver

variations in AP, SI, and LR directions were 3.5, 3.8, and 2.1 mm,

respectively, while the PTV margins required for the intraobserver

variations in all directions were <0.3 mm. The PTV margins

considering both interobserver and intraobserver variations in AP, SI,

and LR directions were 3.5, 3.8, and 2.1 mm, respectively. The

impact was too small to consider the intraobserver variations on

PTV margins.

4 | DISCUSSION

This study evaluated the uncertainties for soft‐tissue‐based patient

positioning by multiple observers against contour‐based patient posi-

tioning on pre‐CBCT images in IGRT for prostate cancer. The inter-

observer variations in AP, SI, and LR directions were 0.9, 0.9, and

0.5 mm for systematic error, and 1.8, 2.2, and 1.1 mm for random

error, respectively. The systematic and random errors of the intraob-

server variations were <0.2 mm. Therefore, interobserver variations

were the largest source of uncertainties for soft‐tissue‐based patient

positioning. Furthermore, the PTV margins considering both interob-

server and intraobserver variations in AP, SI, and LR directions were

3.5, 3.8, and 2.1 mm, respectively.

Regarding interobserver variation, Moseley et al. defined fiducial

marker positions using megavoltage (MV) imaging as the truth for

soft‐tissue‐based patient positioning to evaluate systematic and

F I G . 2 . Residual errors between soft‐tissue positioning errors and reference positioning errors by six observers in anterior–posterior,
superior–inferior, and left–right directions.
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F I G . 3 . Systematic errors of interobserver variations by six observers in anterior–posterior, superior–inferior, and left–right directions.

F I G . 4 . Random errors of interobserver variations by six observers in anterior–posterior, superior–inferior, and left–right directions.
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random errors for interobserver variations by soft‐tissue‐based
patient positioning on CBCT images.6 The interobserver variations in

AP, SI, and LR directions were 1.61, 2.21, and 0.61 mm for system-

atic error, and 2.86, 2.85, and 1.50 mm for random error, respec-

tively. In our results, as shown in Figs. 3 and 4, the interobserver

variations for soft‐tissue‐based patient positioning in AP, SI, and LR

directions were 0.9, 0.9, and 0.5 mm for systematic error, and 1.8,

2.2, and 1.1 mm for random error, respectively. There is no ground

truth for prostate position such as a fiducial marker in soft‐tissue‐
based patient positioning. Therefore, contour‐based patient position-

ing using prostate contour, based on a consensus between the radia-

tion oncologist and medical physicist on pre‐CBCT images, was used

as reference positioning for soft‐tissue‐based patient positioning in

this study. Despite the differences in these reference positionings,

interobserver variations were smaller than those in previous study.

Thus, our results indicated interobserver consistency and good

agreement between soft‐tissue‐based patient positioning and con-

tour‐based patient positioning. We consider that sufficient observer

training led to consistency and consensus regarding patient position-

ing by reducing interobserver variations. Furthermore, calcifications

as anatomical landmarks in the prostate of some patients might have

contributed to the accuracy of patient positioning.15

Morrow et al. reported that intraobserver variations were within

1 mm in manual soft‐tissue‐based patient positioning with kV‐CBCT
images for prostate radiotherapy.9 In this study, the systematic and

random errors of intraobserver variations were <0.2 mm. The PTV

margins required for intraobserver variations were within 0.3 mm,

and the impact of the uncertainties due to intraobserver variations

on PTV margin was sufficiently small. Therefore, the influence of

intraobserver variations on soft‐tissue‐based patient positioning

would be negligible.

The clinical applicability of PTV margins was investigated in a

simulation of IMRT plans. The IMRT plans for prostate cancer using

the proposed PTV margins of 3.5, 3.8, and 2.1 mm in AP, SI, and LR

directions, were created for 30 validation patients. The treatment

plans were then compared with the original plans used in clinical

practice, in which a PTV margin of 6 mm expansion in all directions,

except 4 mm posteriorly, was added. Table 1 indicates target and

OAR dose parameters for 30 validation patients in the treatment

plans with PTVCL used in clinical practice and PTVST obtained from

the PTV margins required for soft‐tissue‐based patient positioning in

this study. The conformity index (CI) and homogeneity index (HI)

were used for dose evaluation of the plans with PTVCL and PTVST.

These dose evaluation indices were defined based on ICRU report

8316 as follows:

CI ¼ VPTV

VPD98%
(12)

and

HI ¼ D2� D98
D50

; (13)

where VPTV is the volume of PTV, and VPD98% is the volume receiving

98% of the prescribed dose. D2, D98, and D50 mean the minimum

dose that covers 2%, 98%, and 50% of the PTV, respectively. Dose

conformity of PTV was significantly greater in the treatment plan with

PTVST than that with PTVCL. There were no statistically significant dif-

ferences in CTV coverage indices of D98 and D95 between the treat-

ment plans with PTVST and PTVCL. The OAR doses in the treatment

plans with PTVST showed lower value than those with PTVCL in all

dose parameters. The dose coverages to CTV and PTV larger than

90% in the treatment plan with proposed PTVST were acceptable in

clinical practice, and the small PTV margins contributed to OAR dose

reduction. Therefore, the PTV margin estimated in this study would

be applicable in clinical practice. However, attention should be paid to

the determination of PTV margins, because small PTV margins of less

than 3 mm may cause lower CTV coverages due to organ deforma-

tions and volume changes in actual treatment.17

Previous studies often used intraprostatic fiducial markers as ref-

erence for soft‐tissue‐based patient positioning with CBCT images in

IGRT for prostate cancer.6,7 However, in‐migration of these fiducial

markers has been observed with a reduction in prostate volume dur-

ing radiation treatment courses.18–20 In addition, Loh et al. reported a

F I G . 5 . Planning target volume margins
calculated from the systematic and random
errors of interobserver and/or
intraobserver variations in anterior–
posterior, superior–inferior, and left–right
directions.
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high rate of symptomatic infection with fiducial marker implantation

and concluded that noninvasive approaches for prostate IGRT, such

as CBCT, should be considered.21 The present study has the advan-

tage that the uncertainties of soft‐tissue‐based patient positioning

were evaluated on pre‐CBCT images without fiducial markers.

If same therapists perform soft‐tissue‐based patient positioning

during the entire course of the treatment, the intraobserver variabil-

ity would be <0.2 mm, which may be negligible. However, there

could remain an uncertainty specific to each observer. Therefore, the

uncertainty of the observer should be taken into account for calcu-

lating PTV margins. Nevertheless, the observer‐specific uncertainties

can also be evaluated by comparing with the contour‐based patient

positioning proposed in this study.

Recently, a commercial on‐board CBCT equipped with an iterative

image reconstruction function has been available. The iterative image

reconstruction algorithm can improve the CBCT image quality by

reducing noise and artifacts.22 Morrow et al. recommended the use

of modalities with higher image quality for IGRT, because the image

quality affects the reproducibility of the manual image registration

and the daily patient positioning shifts for IGRT.9 Therefore, if higher

image quality CBCT images were employed during the treatment

course, it would affect observer uncertainties of the soft‐tissue‐based
patient positioning and contribute to reducing PTV margins.

This study had several limitations. First, it was evaluated only

under limited conditions. There were only a few cases and observers

considered for the evaluation of observer uncertainties for soft‐tis-
sue‐based patient positioning in this study. More cases and

observers for analyzing the uncertainties for soft‐tissue‐based
patient positioning could yield more adequate PTV margins. An eval-

uation using more cases and all fractions is required in future work.

Furthermore, SVs were not evaluated even in intermediate‐ and
high‐risk cases. Liang et al. explored interfractional prostate and SV

motion,23 reporting that the SVs could move independently from the

prostate with a motion magnitude larger than that of the prostate.

These organ motions and deformations may have influenced the

results of the observer study when SV positions were considered in

soft‐tissue‐based patient positioning. Additional assessment of soft‐
tissue‐based patient positioning including SVs in intermediate‐ and

high‐risk cases is required.

Another limitation of this study was the uncertainty in prostate

contours delineated manually on pCT and pre‐CBCT images, which

may include delineation errors. The impact may be larger for low

contrast images such as CBCT images. Hence, to reduce delineation

errors, at least intra‐ and interobserver delineation variability, all

prostate contours on pre‐CBCT images were determined based on

consensus between the same radiation oncologist and medical physi-

cist. However, Gardner et al. reported similar variability in human

observer contours between pCT and CBCT images.24 Therefore, we

used prostate contours delineated manually on pre‐CBCT images as

a reference based on the assumption of a sufficiently small impact of

CBCT image quality on delineation errors.

5 | CONCLUSIONS

In conclusion, the results of the present study revealed the uncer-

tainties for soft‐tissue‐based patient positioning by inter‐ and

intraobserver variability on pre‐CBCT images in IGRT for prostate

cancer. Interobserver variations in AP, SI, and LR directions were

0.9, 0.9, and 0.5 mm, respectively, for systematic error and 1.8, 2.2,

and 1.1 mm, respectively, for random error. The systematic and ran-

dom errors of intraobserver variations were <0.2 mm in all direc-

tions. The PTV margins considering both interobserver and

intraobserver variations in AP, SI, and LR directions were 3.5, 3.8,

and 2.1 mm, respectively. Consequently, while intraobserver variabil-

ity was sufficiently small and would be negligible, uncertainties due

to interobserver variability for soft‐tissue‐based patient positioning

using CBCT images should be considered in CTV‐to‐PTV margins.
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TAB L E 1 Comparison of target and OAR dose parameters for 30
validation patients in the treatment plans with PTVCL used in clinical
practice and PTVST obtained from the PTV margins required for
soft‐tissue‐based registration in this study.

Volume of inter-
est Parameter

PTVCL PTVST P
valueMean ± SD Mean ± SD

PTVCL or PTVST D98 91.75 ± 1.31 91.71 ± 1.31 n.s.*

D95 95.93 ± 0.74 96.06 ± 0.88 n.s.*

CI 1.02 ± 0.03 0.99 ± 0.02 <0.05

HI 0.11 ± 0.01 0.11 ± 0.01 n.s.*

CTV D98 99.18 ± 0.29 99.19 ± 0.23 n.s.*

D95 99.62 ± 0.22 99.60 ± 0.18 n.s.*

Rectum V40 20.33 ± 4.69 14.85 ± 4.15 <0.05

V60 9.20 ± 2.80 5.50 ± 1.99 <0.05

V65 6.82 ± 2.24 3.77 ± 1.50 <0.05

V70 4.09 ± 1.55 2.01 ± 0.96 <0.05

V75 0.63 ± 0.73 0.20 ± 0.29 <0.05

Bladder V40 25.12 ± 8.85 19.33 ± 8.37 <0.05

V70 10.40 ± 3.93 6.68 ± 3.34 <0.05

V75 7.72 ± 3.01 4.47 ± 2.33 <0.05

CI, conformity index; CTV, clinical target volume; Dn, dose received by

n% of the volume; HI, homogeneity index; OAR, organs at risk; PTV,

planning target volume; Vm, volume receiving at least m Gy dose.

*n.s. = not significant (P > 0.05).

80 | HIROSE ET AL.

http://web.shs.kyushu-u.ac.jp/&tilde;arimura
http://www.editage.com


REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Glo-

bal cancer statistics 2018: GLOBOCAN estimates of incidence and

mortality worldwide for 36 cancers in 185 countries. CA Cancer J

Clin. 2018;68:394–424.
2. Mottet N, Bellmunt J, Bolla M, et al. Guidelines on prostate cancer.

Part 1: screening, diagnosis, and local treatment with curative intent.

Eur Urol. 2017;71:618–629.
3. Kupelian PA, Potters L, Khuntia D, et al. Radical prostatectomy,

external beam radiotherapy. Int J Radiat Oncol. 2004;58:25–33.
4. Jaffray DA, Siewerdsen JH, Wong JW, Martinez AA. Flat‐panel cone‐

beam computed tomography for image‐guided radiation therapy. Int

J Radiat Oncol. 2002;53:1337–1349.
5. Zelefsky MJ, Kollmeier M, Cox B, et al. Improved clinical outcomes

with high‐dose image guided radiotherapy compared with non‐IGRT
for the treatment of clinically localized prostate cancer. Int J Radiat

Oncol. 2012;84:125–129.
6. Moseley DJ, White EA, Wiltshire KL, et al. Comparison of localiza-

tion performance with implanted fiducial markers and cone‐beam
computed tomography for on‐line image‐guided radiotherapy of the

prostate. Int J Radiat Oncol. 2007;67:942–953.
7. Deegan T, Owen R, Holt T, et al. Assessment of cone beam CT regis-

tration for prostate radiation therapy: fiducial marker and soft tissue

methods. J Med Imaging Radiat Oncol. 2014;59:91–98.
8. Jereczek‐Fossa BA, Pobbiati C, Santoro L, et al. Prostate positioning

using cone‐beam computer tomography based on manual soft‐tissue
registration: interobserver agreement between radiation oncologists

and therapists. Strahlentherapie und Onkol. 2014;190:81–87.
9. Morrow NV, Lawton CA, Qi XS, Li XA. Impact of computed tomogra-

phy image quality on image‐guided radiation therapy based on soft

tissue registration. Int J Radiat Oncol. 2012;82:e733–e738.
10. Litzenberg D, Dawson LA, Sandler H, et al. Daily prostate targeting

using implanted radiopaque markers. Int J Radiat Oncol.

2002;52:699–703.
11. Chung PWM, Haycocks T, Brown T, et al. On‐line aSi portal imaging

of implanted fiducial markers for the reduction of interfraction error

during conformal radiotherapy of prostate carcinoma. Int J Radiat

Oncol. 2004;60:329–334.
12. Barney BM, Lee RJ, Handrahan D, Welsh KT, Cook JT, Sause WT.

Image‐guided radiotherapy (IGRT) for prostate cancer comparing kV

imaging of fiducial markers with cone beam computed tomography

(CBCT). Int J Radiat Oncol. 2011;80:301–305.
13. Court LE, Dong L, Taylor N, et al. Evaluation of a contour‐alignment

technique for CT‐guided prostate radiotherapy: an intra‐ and inter-

observer study. Int J Radiat Oncol. 2004;59:412–418.
14. van Herk M, Remeijer P, Rasch C, Lebesque JV. The probability of

correct target dosage: dose‐population histograms for deriving treat-

ment margins in radiotherapy. Int J Radiat Oncol Biol Phys.

2000;47:1121–1135.
15. Hanna SA, Neves‐Junior WFP, Marta GN, Haddad CMK, da Silva

JLF. Role of intra‐ or periprostatic calcifications in image‐guided
radiotherapy for prostate cancer. Int J Radiat Oncol. 2012;82:1208–
1216.

16. ICRU Report 83 Prescribing, Recording, and Reporting Photon‐Beam
Intensity‐Modulated Radiation Therapy (IMRT)‐Journal of the ICRU‐
Vol 10 No 1 2010. Oxford University Press; 2010.

17. Gill SK, Reddy K, Campbell N, Chen C, Pearson D. Determination of

optimal PTV margin for patients receiving CBCT‐guided prostate

IMRT: comparative analysis based on CBCT dose calculation with

four different margins. J Appl Clin Med Phys. 2015;16:252–262.
18. Pouliot J, Aubin M, Langen KM, et al. (Non)‐migration of radiopaque

markers used for on‐line localization of the prostate with an elec-

tronic portal imaging device. Int J Radiat Oncol. 2003;56:862–866.
19. Schallenkamp JM, Herman MG, Kruse JJ, Pisansky TM. Prostate

position relative to pelvic bony anatomy based on intraprostatic gold

markers and electronic portal imaging. Int J Radiat Oncol.

2005;63:800–811.
20. Nichol AM, Brock KK, Lockwood GA, et al. A magnetic resonance

imaging study of prostate deformation relative to implanted gold

fiducial markers. Int J Radiat Oncol. 2007;67:48–56.
21. Loh J, Baker K, Sridharan S, et al. Infections after fiducial marker

implantation for prostate radiotherapy: are we underestimating the

risks? Radiat Oncol. 2015;10:38.

22. Wang J, Li T, Xing L. Iterative image reconstruction for CBCT using

edge‐preserving prior. Med Phys. 2009;36:252–260.
23. Liang J, Wu Q, Yan D. The role of seminal vesicle motion in target

margin assessment for online image‐guided radiotherapy for prostate

cancer. Int J Radiat Oncol. 2009;73:935–943.
24. Gardner SJ, Wen N, Kim J, et al. Contouring variability of human‐

and deformable‐generated contours in radiotherapy for prostate can-

cer. Phys Med Biol. 2015;60:4429–4447.

HIROSE ET AL. | 81


