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Abstract

Introduction This study aimed to investigate the uncertainty in organ delineation of low-dose
computed tomography (CT) images using a high-strength iterative reconstruction (IR) during
radiotherapy planning for the treatment of prostate cancer.
Methods Two CT datasets were prepared with different dose levels by adjusting the
reconstruction slice thickness. Two observers independently delineated the prostate, seminal
vesicles, bladder and rectum on both images without referring to other modality images.
The delineated organ volumes were compared between both images. Observer delineation vari-
ability was assessed using Dice similarity coefficient (DSC) and mean distance to agreement.
Results No significant differences regarding the delineated organ volumes were observed
between the low- and standard-dose images for all organs. Regarding inter-observer variability,
the DSC was relatively high for both images, whereas mean distance to agreement was not sig-
nificantly different between images (p> 0·05 for all). Intra-observer variability for each
observer showed high DSC (>0·8 and >0·9 for seminal vesicles and other organs, respectively)
but no significant differences in the mean distance to agreement (p> 0·05 for all).
Conclusions Our results indicate that low-dose CT images with high-strength IR would be
available for organ delineation in the radiotherapy treatment planning for prostate cancer.

Introduction

Computed tomography (CT) remains the gold standard modality for radiotherapy treatment
planning. In patients with prostate cancer, accurate organ delineation is required for precise
radiotherapy, such as that delivered using volumetric modulation arc therapy (VMAT) because
the target is close to organs at risk (OARs). However, organ delineation in the pelvis using CT
images alone is challenging because of the low-contrast resolution of CT imaging compared with
that of magnetic resonance imaging (MRI). Previous studies showed a large inter-observer vari-
ability of organ delineation in the prostate and seminal vesicles using CT images alone.1,2 To
reduce variability in inter-observer delineation, high-dose volumetric CT is useful for prostate
radiotherapy.3,4 Conversely, there is a concern regarding the increased radiation exposure
because high-quality CT images can only be obtained by escalating the radiation dose.

Davis et al. conducted a systematic review to assess the CT scan protocols for radiotherapy
treatment planning used in previous reports.5 The results showed that several studies focused on
image quality and variations in CT values because these factors are extremely important in CT
simulations for radiotherapy. However, radiation exposure among patients was not comprehen-
sively assessed even though CT radiation dose optimisation is essential according to as low as
reasonably achievable (ALARA) principles. In addition, some researchers have paid attention to
imaging dose associated with the modern treatment techniques for prostate cancer.6,7

Iterative reconstruction (IR) techniques have contributed greatly to dose reduction in diag-
nostic CT examination. IR can reduce the radiation dose among patients while maintaining the
image quality and mitigating the streak artefact.8–10 The benefit of IR stems principally from the
lower radiation dose required. Conversely, IR-specific artefacts, such as a plastic-like or blotchy
image appearance associated with higher IR levels, cause degradation of the image quality in
diagnostic CT.11–13 Noid et al. evaluated the application of the IR technique in four-dimensional
CT scan to manage respiratory motion in radiotherapy.14 The results showed that a higher-strength
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IR reduced the radiation dose without impairing image quality;
however, organ delineation was not assessed.

To date, it remains unclear whether texture changes in CT
images associated with the IR technique affect pelvic organ delin-
eation. Therefore, this study aimed to investigate the uncertainty in
organ delineation of low-dose CT images using a high-strength IR
technique in radiotherapy planning for the treatment of prostate
cancer.

Materials and Methods

Study design

This retrospective study was approved by the institutional review
board of the Shizuoka Cancer Center, and the requirement for
informed consent was waived. All methods were performed in
accordance with the relevant guidelines and regulations. Seven
patients with localised prostate cancer who underwent planning
CT scans between 1 April and 31 May 2018 were included. All
patients were histologically diagnosed with prostate adenocarci-
noma. Patient characteristics are summarised in Table 1.

CT data acquisition

CT was performed using an 80-rowmultidetector-row CT scanner
(Aquilion PRIME, Canon Medical Systems, Tochigi, Japan). All
patients underwent CT examination using an immobilising bag
in the supine position 1 h after urine collection. Acquisition
parameters were as follows: reconstruction thickness/increment
of 2/2 mm, tube current determined using an automatic tube cur-
rent modulation (standard deviation of CT value was set at 10),
tube voltage of 120 kV, rotation time of 0·5 s, pixel size of
0·96 × 0·96 mm, detector configuration of 0·5 mm × 80 rows,

reconstruction kernel of the soft tissue (FC13) and IR adaptive iter-
ative dose reduction 3D (AIDR3D Mild). The volume CT dose
index (CTDIvol) on the scan console was also recorded. CT scans
were performed in all patients under free breathing.

AIDR3D and AIDR3D enhanced

AIDR3D is a hybrid IR technique in which image noise is reduced
in both raw data and/or image domain. In particular, iteration
process to the projection data is performed to decrease image noise
and artefacts due to photon starvation in the raw data domain.
After back projection or in the image space, the image filter is
applied to the individual body region to decrease image noise
and preserve edge structure. Moreover, utilisation of AIDR3D
enhanced further reduces image noise in accordance with the noise
power spectrum model. Four and three types of strength can be
selected in AIDR3D (weak, mild, standard and strong) and
AIDR3D enhanced (mild, standard and strong), respectively.

Preparation of CT dataset

We retrospectively reconstructed two datasets for each patient: vir-
tual low-dose image (low-dose image) and standard-dose image
(std-dose image). A low-dose image is acquired using a thin
reconstruction thickness instead of a low exposure dose because
performing an additional CT scan even at a low-dose level is
not ethically acceptable due to the additional exposure to ionising
radiation. In general, image noise in CT is inversely proportional to
the square root of the slice thickness. Low-dose image is equivalent
to the data obtained from half- and quarter-dose images compared
with std-dose image (Supplemental Figure S1). As shown in
Figure 1, std-dose images were reconstructed at a 2·0 mm thickness
and increment using a AIDR3D Mild. The dataset of low-dose
images was prepared using the following two steps. First, low-dose
images were reconstructed at a 0·5 mm thickness and increment
using high IR level (AIDR3D enhanced strong). The IR strength
was determined to be equivalent to the level of image noise (stan-
dard deviation of the CT value, as shown in Supplemental Figure
S4 between the two datasets). Second, the dataset for low-dose
images included images in every fourth slice with the same number
of CT images in both datasets. In this study, the slice thickness set-
tings were such that CTDIvol in low-dose images was a quarter of
that in std-dose images.

Organ delineation

The CT dataset was transferred to the MIM software (MIM
Maestro, version 6·4·3, MIM Software Inc., Cleveland, OH,
USA). Organ delineation was independently performed by two
medical physicists with prior training in this procedure (T.T. with
11-year experience and Y.A. with 2-year experience). According to
the consensus for organ delineation,15 two observers independ-
ently delineated the prostate, seminal vesicles, bladder and rectum
on the low- and std-dose images of each patient without referring
to other modality images. The order of CT images for organ delin-
eation was randomised for each observer to reduce recall bias.
Organ delineation was repeated after 3 months to assess intra-
observer variability in delineation.

Data analysis

Data analysis was performed using the MIM software. The delin-
eated organ volumes were measured on low- and std-dose
images for each observer. Inter- and intra-observer variabilities

Table 1. Patient characteristics

Characteristic Value

Age (years)

Median (range) 70 (60–73)

Gleason score

< 7 1

7 4

¬ 7 2

T stage

T1 2

T2 4

T4 1

Serum PSAa (ng/ml)

< 10 4

10–19 2

¬ 20 1

Risk

Low 1

Intermediate 4

High 2

aPSA: prostate-specific antigen.
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were assessed using both the Dice similarity coefficient (DSC) and
mean distance to agreement (MDA),16 with the former indicating
the spatial overlap between the structures and the latter indicating
the mean values to measure the shortest distance from the surface
of one delineation to that of another. DCSinter, DCSintra_obs1 and
DCSintra_obs2 were defined as follows:

DSCinter ¼
2 X \ Yj j
Xj j þ Yj j

DSCintra obs1 ¼
2 X1st \ X2ndj j
X1stj j þ X2ndj j

DSCintra obs2 ¼
2 Y1st \ Y2ndj j
Y1stj j þ Y2ndj j

where X and Y are the respective delineations performed by
observers 1 and 2, respectively. X1st and X2nd are the first and sec-
ond delineations performed by observe1, respectively. Y1st and
Y2nd are the first and second delineations performed by
observer 2, respectively.

Statistical analysis

We compared the delineated organ volumes between the two data-
sets using a paired t-test. DSC andMDAwere also compared using
the Wilcoxon signed test and paired t-test, respectively. A p-value
<0·05 was considered significant. Statistical analysis was per-
formed using the R software version 3. 2. 3 (R Foundation for
Statistical Computing, Austria; http://www.R-project.org).

Results

The mean CTDIvol were 5·6 (range 4·8–6·3) mGy on the low-dose
images and 22·5 (range, 19·1–25·3) mGy on the std-dose images.
Table 2 shows the delineated organ volumes between the low- and
std-dose images. No significant differences in mean delineated
organ volumes were observed between the images of each observer.
Figure 2 shows the DSC for each image obtained between the
observers. The median DSCs were >0·9 for the bladder and >0·8
for the other organs for both images. The median DSCs for low-
and std-dose images were not significantly different (p> 0·05
for all organs by both observers).

Table 3 shows respective MDAs obtained with low- and std-
dose images between observers. No significant differences regard-
ing the mean MDA were observed between the images (p> 0·05
for all organs).

Figure 3 shows the DSCs for low- and std-dose images obtained
from each organ. The median DSCs were >0·8 for the seminal
vesicles and >0·9 for the other organs for both images. There were
no significant differences in median DSCs between low- and std-
dose images between observers (p> 0·05 for all organs).

Table 4 shows the respectiveMDAs obtained with low- and std-
dose images for each observer. No significant differences in mean
MDA were observed between images for each observer (p> 0·05
for all organs).

Discussion

This is the first study to determine the delineated organ volumes
as well as intra- and inter-observer variabilities in delineations
using low-dose CT images with a high-strength IR technique for

Figure 1. Preparation for computed tomography dataset.
Two different datasets were reconstructed from the same raw data. Standard-dose image (std-dose image) was reconstructed with 2.0/2.0-mm thickness/increment and applied
using the adaptive iterative dose reduction 3D (AIDR3D) standard. Virtual low-dose image was reconstructed by 0.5/0.5-mm thickness/increment and applied with AIDR3D
enhanced strength. Then, to obtain the same number of slices between datasets, the low-dose image was obtained every 2.0-mm increment (every four slice in dataset).
The AIDR3D strength was determined to have the same noise level between the two datasets.
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radiotherapy treatment planning. Our results showed that the
delineated organ volumes, DSCs and MDAs were not significantly
different between the low- and std-dose images. While acquiring a
treatment planning CT scan, dose constraints should not be strictly
adapted for diagnostic imaging because accurate delineation of the
target and OARs is required.17 However, dose optimisation is still
required from the perspective of patient exposure, even when
acquiring a treatment planning CT scan. The IR technique can help
manage both the image quality and dose reduction required for
diagnostic purposes. Our findings suggest that the high-strength
IR technique is effective for the treatment planning CT because
it shows comparable delineation performance while reducing the
radiation dose.

No significant difference in volume measurement was observed
between the low- and std-dose images. McErlean et al. reported
that small-sized lesions result in considerable variability in CT
measurements.18 Conversely, we found that the delineated seminal
vesicle volumes showed a relatively good agreement between the
two images. This result indicates that high-strength IR has a minor
impact on the volume measurement.

The inter-observer variability in delineation assessed using
DSC and MDA did not differ significantly between the two
CT images. DSC was relatively high for all delineated organs,
and our results are consistentwith those reported in recent studies.19,20

High-strength IR causes a peculiar artefact that changes the detailed
structures on CT images.21 However, no significant differences in
inter-observer variation were observed between the two images.
This is because the main source of delineation variability on the
CT image between observers is the low-contrast resolution at tissue
boundaries and not the slight texture differences.

Intra-observer variability also showed no significant differences
between low- and std-dose images. Furthermore, the MDA and
DSC values were similar or superior for intra-observer than
inter-observer variability, as per our results. Previous studies have
shown that intra-observer variability is comparable to inter-
observer variability using CT images.18,22 These results are in line
with those of our study, indicating that high-strength IR may not
increase the intra-observer variability of organ delineation.

Table 2. Delineated volume differences between low- and standard-dose images*

Volume (mL)

Observer 1 Observer 2

Lowa Standard Diff p-valueb Low Standard Diff p-value

Prostate 26·25 ± 10·2 26·52 ± 11·34 0·27 (−1·31, 1·84) 0·69 29·32 ± 14·58 28·22 ± 12·22 1·10 (−2·54, 4·74) 0·49

Seminal
vesicles

8·39 ± 4·44 8·60 ± 4·24 0·21 (−0·11, 0·54) 0·16 9·18 ± 5·0 9·71 ± 4·81 −0·53 (−1·24, 0·19) 0·12

Bladder 244·69 ± 112·9 241·66 ± 109·88 −3·03 (−8·27, 2·22) 0·21 236·81 ± 110·1 238·31 ± 109·39 −1·50 (−5·65, 2·66) 0·41

Rectum 44·84 ± 18·27 43·48 ± 16·09 −1·36 (−4·23, 1·54) 0·30 50·88 ± 20·02 49·36 ± 16·4 1·52 (−3·01, 6·05) 0·44

*Data are presented as mean ± standard deviation.
aLow: Virtual low-dose image, Standard: standard-dose image. Diff indicates the mean of differences in delineated volumes between low- and standard-dose images; 95% confidence intervals
are presented in parentheses.
bA p-value <0.05 was considered significant, as determined using paired t-test.

Figure 2. Inter-observer variability in organ delineation.
Box–whisker plot shows the Dice similarity coefficient (DSC) between low- and stan-
dard-dose images for each organ.
The median DSC is relatively high (>0.8) and shows favourable agreement between
images. No significant differences of DSC were observed between images (p= 0.94
for the prostate, p= 0.47 for the seminal vesicle, p= 0.38 for the bladder, and
p= 0.47 for the rectum).

Table 3. Inter-Observer variability using MDA between low- and standard-dose
images*

Mada (mm)

Low Standard Diff b p-valuec

Prostate 1·70 ± 0·35 1·62 ± 0·31 0·085 (−0·36, 0·53) 0·66

Seminal
vesicles

1·04 ± 0·08 1·21 ± 0·37 −0·17 (−0·51, 0·17) 0·27

Bladder 1·11 ± 0·18 1·33 ± 0·56 −0·22 (−0·77, 0·34) 0·38

Rectum 1·27 ± 0·35 1·29 ± 0·4 −0·017 (−0·31, 0·28) 0·89

*Data are presented as mean ± standard deviation.
adman: mean distance to agreement, Low: virtual low-dose image, Standard: standard-dose
image.
biff indicates mean differences of delineated volumes between low- and standard-dose
images; 95% confidence intervals are presented in parentheses.
can p-value< 0.05 was considered significant, as determined using paired t-test.

4 Tsukasa Yoshida et al.

https://doi.org/10.1017/S1460396921000571 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396921000571


Therefore, the image quality of low-dose CT will be sufficient to
repeat the delineations available for the daily use of the treatment
planning CT.

This study has several limitations. First, this was a retrospective
study with a small sample size. Image noise was adjusted using slice
thickness instead of low-dose protocols. High-strength IR with low-
dose images deteriorates the quality of CT images. Moreover, the slice
thickness of the two images was not similar, whichmay affect volume
measurements because partial volume effect cannot be neglected for
organ delineation especially in small organs such as seminal
vesicle. Further studies in a larger sample should be conducted
using a low-dose protocol with the same slice thickness. Second,
the two observers were medical physicists, not radiation oncol-
ogists, physicians or radiologists; however, the results obtained

by our observers are comparable to those reported in a study by
Roach et al., wherein the delineations were performed by multi-
ple observers using the expert contours.20 In addition, delinea-
tions performed by our observers were not compared with those
from the simultaneous truth and performance level estimation
(STAPLE) algorithm, which estimates ground-truth delinea-
tion.23 Comparisons with delineations from multi-observer or
STAPLE algorithms will provide more useful data on inter-
and intra-observer variabilities in organ delineations. Finally,
we did not include IR performed using equipment from differ-
ent CT manufacturers. The image obtained using IR is not nec-
essarily equivalent across vendors. The effects of IR technique
on the delineation performance should be compared in a
multi-vendor study in the future.

(a) (b)

(c) (d)

Figure 3. Intra-observer variability in organ delineation.
Box–whisker plot shows the Dice similarity coefficient (DSC) of the prostate (Figure 3a), seminal vesicle (Figure 3b), bladder (Figure 3c) and rectum (Figure 3d) between low- and
std-dose images for each observer. DSC shows good agreement between images for each observer. The median DSC is not significantly different between images (prostate,
p= 0.94 for observer 1 and p= 0.22 for observer 2; seminal vesicle, p= 0.30 for observer 1 and p= 0.47 for observer 2; bladder, p= 0.94 for observer 1 and p= 0.81 for observer
2; and rectum, p= 0.81 for observer 1 and p= 0.58 for observer 2).
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Conclusion

Delineated volumes and observer variability in low-dose CT
images with high-strength IR were investigated in this study.
Delineation performance using low-dose images with the high-
strength IR technique was comparable to that of std-dose images.
Our results indicate that high-strength IR would be available for
organ delineation in radiotherapy treatment planning for prostate
cancer; however, larger-scale research is required.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1460396921000571.
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