& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Gene A. Cardarelli,
Brown University, United States

REVIEWED BY
Jan Egger,

University Hospital Essen, Germany
Francolini Giulio,

University of Florence, Italy

*CORRESPONDENCE

Wenjing Wu
wu_ermao@l163.com

Xiaozhi Zhang
Zhang9149@sina.com
Yongkai Lu
luyongkail9931130@163.com

These authors have contributed
equally to this work and share
first authorship

SPECIALTY SECTION

This article was submitted to
Radiation Oncology,

a section of the journal
Frontiers in Oncology

RECEIVED 16 May 2022
ACCEPTED 04 July 2022
PUBLISHED 02 August 2022

CITATION

LiY, WuW, SunY, Yu D, Zhang Y,
Wang L, Wang Y, Zhang X and Lu Y
(2022) The clinical evaluation of atlas-
based auto-segmentation for
automatic contouring during cervical
cancer radiotherapy.

Front. Oncol. 12:945053.

doi: 10.3389/fonc.2022.945053

COPYRIGHT

© 2022 Li, Wu, Sun, Yu, Zhang, Wang,
Wang, Zhang and Lu. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Oncology

TyPE Original Research
PUBLISHED 02 August 2022
p0110.3389/fonc.2022.945053

The clinical evaluation of atlas-
based auto-segmentation for
automatic contouring during
cervical cancer radiotherapy

Yi Li**, Wenjing Wu?*, Yuchen Sun®, Dequan Yu?,
Yuemei Zhang', Long Wang*, Yao Wang*,
Xiaozhi Zhang™ and Yongkai Lu™
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Purpose: Our purpose was to investigate the influence of atlas library size and CT
cross-slice number on the accuracy and efficiency of the atlas-based auto-
segmentation (ABAS) method for the automatic contouring of clinical treatment
volume (CTV) and organs at risk (OARs) during cervical cancer radiotherapy.

Methods: Of 140 cervical cancer patients, contours from 20, 40, 60, 80, 100,
and 120 patients were selected incrementally to create six atlas library groups in
ABAS. Another 20 tested patients were automatically contoured with the ABAS
method and manually contoured by the same professional oncologist.
Contours included CTV, bladder, rectum, femoral head-L, femoral head-R,
and spinal cord. The CT cross-slice numbers of the 20 tested patients included
61, 65, 72, 75, 81, and 84. The index of dice similarity coefficients (DSCs) and
Hausdorff distance (HD) were used to assess the consistency between ABAS
automatic contouring and manual contouring. The randomized block analysis
of variance and paired t-test were used for statistical analysis.

Results: The mean DSC values of “CTV, bladder, femoral head, and spinal cord”
were all larger than 0.8. The femoral head and spinal cord showed a high degree of
agreement between ABAS automatic contouring and manual contouring, with a
mean DC >0.80 and HD <1 cm in all atlas library groups. A post-hoc least
significant difference comparison indicated that no significant difference had
been found between different atlas library sizes with DSC and HD values. For
ABAS efficiency, the atlas library size had no effect on the time of ABAS automatic
contouring. The time of automatic contouring increased slightly with the increase
in CT cross-slice numbers, which were 99.9, 106.8, 114.0, 120.6, 127.9, and 134.8 s
with CT cross-slices of 61, 65, 72, 75, 81, and 84, respectively.

Conclusion: A total of 20 atlas library sizes and a minimum CT cross-slice

number including CTV and OARs are enough for ensuring the accuracy and
efficiency of ABAS automatic contouring during cervical cancer radiotherapy.
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Introduction

Radiotherapy, as an independent treatment strategy, plays an
important role in cervical cancer treatment (1). Delineating the
clinical target volume (CTV) and organs at risk (OARs) precisely is
essential to ensuring the curative effect of radiotherapy. However,
manual contouring is a time-consuming and complex process.
Significant variance can be detected among contours that were
delineated by different radiation oncologists or the same oncologist
at different times (2-4). Compared with the manual segmentation
process, atlas-based auto-segmentation (ABAS) could not only
significantly save time but also reduce subjective bias among
different radiation oncologists. In ABAS, segmented structures
from the atlas library are propagated onto a subject image using
the deformable image registration algorithm. Because multiple-
ABAS uses a voting scheme for determining whether a voxel is
inside or outside the structure, it is more susceptible to topological
artifacts compared with single-ABAS (5).

The atlas library should be set before applying the ABAS
method for delineating contours automatically. According to
published results, multiple-ABAS could overcome the issues
encountered with single-ABAS, such as large discrepancies in
volume and location between the atlas library and subject data
(6). However, the atlas library size varied a lot in different cases
and no authorized guideline could be taken as the reference (7-
10). Although there are several reports about atlas library size in
pelvic radiotherapy (11-13), especially for endometrial and
cervical cancer (14), limited atlas library groups and fewer test
cases were available on the impact of atlas library size on the
accuracy and efficiency of ABAS, which may lead to an
inaccurate conclusion. Rare works have researched the effect of
CT cross-slice numbers on the ABAS-performed efficiency.
Therefore, the aim of our study is to investigate the influence
of the atlas library size and CT cross-slice number on the
accuracy and efficiency of ABAS automatic contouring and
establish an optimal strategy for ABAS with atlas library size
and CT cross-slice number during cervical radiotherapy.

Material and methods
Patients
This retrospective study included 140 patients with newly

diagnosed, pathologically confirmed stage II-III cervical cancer
(7th edition of the AJCC staging system). All patients were
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treated with volume-modulated arc therapy (VMAT)
technology in the Radiation Oncology Department at the First
Affiliated Hospital of Xi’an Jiaotong University from October
2020 to October 2021. The VMAT plan was delivered at the
prescribed dose of 50 Gy (25 fractions) to the cervical tumor.
Neoadjuvant, concurrent, or adjuvant chemotherapy was
recommended for patients.

CT simulation

A total of 140 planning CT images from 140 patients were
collected. All patients were immobilized using thermoplastic body
mold in the supine position with hands raised and arms crossed
with elbows on the top of the head during CT simulation. All
patients were instructed that the rectum should be completely
empty and the bladder should be filled with 300 ml of water 2 h
before CT scanning. Each patient received a helical CT scanning
under free breathing conditions on a 16-slice CT scanner (Big Bore,
Philips Medical Systems, Cleveland, OH). The scanning parameters
were as follows: pixel spacing 1.1543 mm x 1.1543 mm, matrix 512
x 512, pitch 0.85, 120 kV, 400 mAs, thickness 3 mm, and layer
spacing 3 mm. The scanned images were sent to a MIM Maestro
version 6.7 software (Cleveland, OH, USA) with ABAS function
based on a computer (Intel(R), Xeon(R), E5-1603 CPU, 2.8 GHz,
four processors, 32 G RAM).

Manual contouring

The professional oncologist manually contoured CTV and
OARs on the CT-scanned images of all patients with reference to
RTOG 0418 (15) and consensus guidelines (16, 17). CTV included
the tumor volume and whole pelvic nodal volume. OARs included
the bladder, femoral head-L, femoral head-R, rectum, and spinal
cord. CTV and OARs were delineated manually by the same
professional oncologist with the mediastinum window setting (L
=40 Hu, W = 350 Hu) to make the interobserver lowest as soon as
possible, which were used as the atlas library data and tested the
segmentation ground truth.

Atlas library creation and
automatic contouring

Of 140 cervical cancer patients, 120 patients were randomly
registered in six different atlas library groups with 20, 40, 60, 80,
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100, and 120 patients incrementally for ABAS. The automatic
segmentation process was performed in the 20 remaining tested
patients with ABAS. The details are shown in Table 1. During
library construction, a template subject was assigned, and the
remaining subjects were registered to the template subject
separately. To minimize the bias and maintain the consistency
of the registration alignment, an additional intervention during
registration was prohibited. The ABAS algorithm automatically
matched the atlas subject according to the input tested set. The
optimal number of the matched atlas template was set to three
during ABAS automatic contouring. Based on the intensity and
the freeform cubic spline interpolation, contours of CTV and
OARs were deformed, registered, and transferred to the test set.
The CT cross-slice number of the selected automatically
contoured patients ranged from 61 to 84 (the average number
was 72 slices per patient). Then, manual correction of ABAS
automatic contours was performed in the 20 tested patients.

Quantitative evaluation of accuracy and
efficiency of ABAS automatic contouring

Contours generated by ABAS automatic contours were
compared with manually corrected ABAS automatic contours.
The Dice similarity coefficient (DSC) and Hausdorff distance
(HD) were used to evaluate the accuracy of automatic
contouring (14). DSC was defined as DSC = 2|ANB|/(A+B)
with A equaling the volume of automatic contouring volume and
B equaling the manual contouring volume. The results of DSC
were between 0 and 1, where 0 represents no intersection and 1
reflects a perfect overlap of structures. In contrast, HD
considered the degree of mismatch between two surfaces based
on contour boundaries, eliminating the ambiguity of the
volume-based DSC metric. Moreover, we timed the whole
process to evaluate the efficiency of the ABAS method.

Statistical method

Random analysis of variance and paired-sample t-test were
used to analyze the accuracy of automatic contouring results

TABLE 1 Characteristics of atlas library and tested patients.

TestN = 20
N =20 N =40
Mean age (SD) 50.8 (11.3) 52.1 (12.5) 53.4 (12.2)
Mean height (SD), cm 157.0 (7.4) 158.0 (6.9) 159.7 (6.4)
Mean weight (SD), kg 62.7 (8.5) 62.5 (7.1) 61.3 (6.8)
Mean BMI (SD), kg/m2 25.4 (4.5) 25.0 (4.3) 24.0 (3.9)
Frontiers in Oncology 03
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between the different atlas library sizes and CT cross-slice
numbers. P < 0.05 was regarded as statistically significant.
SPSS 22.0 was used for statistics analysis.

Results

DSC and HD values of contours of “CTV
and OARs”

A total of 20 cervical cancer patients’ CTV and OARs were
delineated both by a radiation oncologist manually and ABAS
automatically with an atlas library size of 20. The consistency
between automatic and manual segmentation was assessed with
DSC and HD values. According to the results, the mean DSC
values of “CTV, bladder, femoral head, and spinal cord” were all
larger than 0.8. However, the mean DSC value and HD value of
the rectum were 0.695 and 2.508 cm, respectively. Therefore, the
contours of the rectum needed to be corrected greatly before
clinical application as shown in Figure 1 and Table 2.

The influence of atlas library size
on the accuracy of ABAS
automatic segmentation

ABAS was used to delineate the contours of “CTV and
OARs” of cervical cancer patients under different atlas library
groups (20, 40, 60, 80, 100, and 120, respectively). The DSC and
HD values of CTV and OARs in the different atlas library groups
are shown in Table 3 and Table 4. The results showed that
different atlas library sizes had little impact on the accuracy of
automatic contouring. Randomized block analysis of variance
was adopted to further investigate the influence of atlas library
size on the automatic contouring accuracy. Post-hoc least
significant difference (LSD) comparisons indicated that no
significant difference was found between different atlas library
groups as shown in Table 5 and Table 6. Therefore, an atlas
library size of 20 was enough to delineate CTV and OARs
automatically with the ABAS method during cervical
patients’ radiotherapy.

Size of atlas library

N =60 N =380 N =100 N =120
53.8 (11.7) 52.8 (12.3) 51.8 (11.9) 54.8 (12.6)
157.4 (7.6) 158.4 (6.9) 157.4 (7.8) 159.4 (7.5)
61.7 (7.5) 62.9 (7.6) 61.6 (8.3) 62.7 (7.3)
249 (4.1) 25.1 (3.8) 249 (4.2) 247 (4.4)
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FIGURE 1

Variance between manual contours and ABAS automatic contours in CTV and OARs of cervical cancer patients with an atlas library size of 20
(A1, B1, C1: CTV contour comparison, A2, B2, C2: bladder contour comparison, A3, B3, C3: rectum contour comparison, A4, B4, C4: spinal
cord comparison, A5, B5, C5: femoral head-L contour comparison, A6, B6, C6: femoral head-R contour comparison. Manual contours in red

color, and automatic contours in green color).

Influence of atlas library size and CT
cross-slice number on the efficiency of
ABAS automatic contouring

One-way ANOVA was adopted to investigate the influence
of atlas library size and CT cross-slice number on the efficiency
of ABAS automatic contouring. The atlas library size had no
effect on the time of ABAS automatic contouring, as shown in
Table 7. The times of ABAS automatic contouring increased
slightly with the increase in CT cross-slice numbers, which were
99.9, 106.8, 114.0, 120.6, 127.9, and 134.8 s with CT cross-slice
numbers of 61, 65, 72, 75, 81, and 84, respectively, as shown in
Table 8. As a result, a minimum CT cross-slice number was

suggested for delineating the CTV and OARs automatically
during cervical cancer radiotherapy.

Discussion

Our study investigated the influence of atlas library size and
patients’ CT cross-slice number on the accuracy and efficiency of
ABAS and established an optimal atlas library and CT cross-slice
for automatic contouring during cervical cancer radiotherapy,
which was rarely discussed in previous studies. ABAS was
introduced to delineate CTV and OARs automatically and
reduce interobserver and intra-observer contouring variability.

TABLE 2 DSC and HD value of CTV and OARs with an atlas library size of 20.

Structure DSC HD (cm)
CTV 0.816 + 0.046 2.195 + 0.340
Bladder 0.866 + 0.035 1.591 + 0.340
Rectum 0.685 + 0.048 2.508 + 0.559
Femoral head-L 0.867 + 0.039 0.843 + 0.369
Femoral head-R 0.873 + 0.047 0.789 + 0.260
Spinal cord 0.858 + 0.052 0.604 + 0.205

Frontiers in Oncology
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TABLE 3 The DSC value of CTV and OARs in different atlas library groups (mean + SD).

20 40 80 100 120
CTV 0.816 + 0.046 0.818 + 0.046 0.819 + 0.049 0.814 + 0.036 0.819 + 0.061 0.810 + 0.046
Bladder 0.866 + 0.035 0.857 + 0.043 0.860 + 0.034 0.854 + 0.047 0.855 + 0.043 0.861 + 0.046
Rectum 0.685 + 0.048 0.682 + 0.041 0.693 + 0.042 0.689 + 0.048 0.682 + 0.048 0.692 + 0.053
Femoral head-L 0.867 + 0.039 0.868 + 0.047 0.865 + 0.037 0.875 + 0.046 0.864 + 0.046 0.870 + 0.038
Femoral head-R 0.873 + 0.047 0.865 + 0.041 0.870 + 0.045 0.867 + 0.042 0.869 + 0.046 0.879 + 0.037
Spinal cord 0.858 + 0.052 0.857 + 0.058 0.856 + 0.053 0.851 + 0.038 0.859 + 0.037 0.858 + 0.051

Previous studies (3, 18) demonstrated that contouring time
could be reduced greatly using the ABAS method for head and
neck cancer. Voet et al. (19) demonstrated that the delineation
time was reduced from 180 to 66 min using the ABAS method
despite necessary auto-contour editing. However, it should be
noted that the manually corrected contouring times were
difficult to assess accurately because manual correction times
varied significantly with different oncologists or the same
oncologist at different times. Therefore, we mainly focused on
ABAS automatic contouring time without considering the
manually corrected time. In clinical practice, it was a challenge
to select the appropriate atlas library size. In our study, we found
that a large atlas library size was not necessary for ABAS
automatic contouring and an atlas library size of 20 could be
enough to insure the accuracy of automatic contouring with the
ABAS method. However, some authors validated ABAS based
on a higher number of subjects for male pelvis CT images
compared to what is concluded in the present article (20, 21).
Some authors validated ABAS based on a lower number of
subjects for prostate cancers if compared to what is concluded in
the present article (7, 11). In addition, Ducote et al. concluded
that the performance of ABAS was relatively insensitive to atlas
size for various head and neck cancers (22). Kim et al.
demonstrate that a different atlas library size had no impact
on the accuracy of ABAS-OAR automatic contouring and the
segmentation accuracy of ABAS-CTV improved with increasing
library size with ABAS (14). In our opinion, the size of the atlas
library is not an independent factor in determining the quality of
auto-segmentation.

DSC was used to assess the overlap ratio between ABAS
automatic contouring and manual contouring. In our study, we
found that ABAS showed acceptable accuracy in delineating
CTV and parts of OARs such as bladder, femoral head-L,

femoral head-R, and spinal cord, with the mean DSC of 0.816,
0.866, 0.867, 0.873, and 0.858, which was larger than a good
overlap standard of 0.7 according to a published paper (8). The
femoral head and spinal cord showed a high degree of agreement
between ABAS automatic contouring and manual contouring,
with a mean DC >0.80 and HD <1 cm in all atlas library groups,
which was similar to the result by Kim et al. (14). For ABAS
efficiency, we found that the atlas library size had no effect on the
time of ABAS automatic contouring and automatic contouring
time increased with the increase in CT cross-slice number.
Therefore, we suggested a minimum CT cross-slice number,
which could include CTV and OARs, for ABAS automatic
contouring during cervical patient radiotherapy.

Earlier work by Stuart Greenham et al. (12) evaluated the
performance of ABAS automatic contouring, and the results
showed that the bladder and CTV, which are the two largest
structures in the pelvis, were delineated precisely in delineating
the pelvic anatomy, which was similar with the results of our
study. Among all the OARs, the bladder, femoral heads, and
spinal cord achieved a higher DSC value and a lower HD value.
This may be due to the relatively clear boundary and high
contrast between these structures and the background. However,
it should be noted that ABAS could not precisely delineate the
rectum in this study. There are two reasons for this result. First,
this could be caused by the unclear boundaries and the massive
diversity in sizes, shapes, and locations for different patients.
Even an experienced radiotherapy oncologist sometimes had to
delineate the rectum boundary by experience instead of by
images. To get accurate delineating results, manual corrections
were suggested for rectum automatic contouring. In accordance
with radiotherapy instructions, the rectum should be completely
empty before CT scanning and the CT scanning time should be
enough to acquire the images with contrast-enhanced

TABLE 4 The HD value of CTV and OAR:s in different atlas library groups (mean + SD, cm).

20 40 80 100 120
CTV 2.195 + 0.340 2.335 £ 0.223 2.310 £ 0.265 2.345 £ 0.255 2.363 + 0.275 2.074 + 0.308
Bladder 1.591 + 0.340 1.612 + 0.257 1.566 + 0.332 1.571 £ 0.293 1.614 £ 0.272 1.559 + 0.298
Rectum 2.045 £ 0.562 2.097 + 0.554 1.967 + 0.381 1.956 + 0.401 2.039 + 0.429 1.925 + 0.449
Femoral head-L 0.843 + 0.369 0.727 + 0.230 0.774 £ 0.204 0.690 + 0.217 0.725 + 0.297 0.730 + 0.228
Femoral head-R 0.789 + 0.260 0.730 + 0.235 0.700 + 0.140 0.635 £ 0.185 0.698 + 0.195 0.673 + 0.167
Spinal cord 0.604 + 0.205 0.767 + 0.336 0.640 + 0.225 0.626 + 0.267 0.677 + 0.213 0.636 + 0.161
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TABLE 5 Results of post-hoc least significant difference (LSD) with DSC value among different atlas library groups.

Atlasgroup Atlasgroup CTV Bladder Rectum
20 40 0.753 0.694 0291
60 0.519 0.094 0.490
80 0.954 0372 0.268
100 0.508 0.260 0.644
120 0.745 0.886 0.104
40 20 0.753 0.694 0291
60 0.740 0.040 0.712
80 0.797 0.200 0.958
100 0.727 0.131 0.551
120 0.991 0.591 0.558
60 20 0.519 0.094 0.490
40 0.740 0.040 0.712
80 0.556 0.425 0.673
100 0.986 0.573 0.819
120 0.749 0.124 0342
80 40 0.954 0372 0.268
60 0.797 0.200 0.958
80 0.556 0.425 0.673
100 0.545 0.813 0.516
120 0.788 0.453 0.594
100 20 0.508 0.260 0.644
40 0.727 0.131 0.551
60 0.986 0573 0.819
80 0.545 0.813 0.516
120 0.736 0325 0.240
120 20 0.745 0.886 0.104
40 0.991 0.591 0.558
60 0.749 0.124 0342
80 0.788 0453 0.594
100 0.736 0325 0.240

ultrasound properly, which could improve the clarity of rectum
boundaries and contouring accuracy. However, it was hard to
control in clinical practice, which could result in poor automatic
contouring and inaccurate manual contouring. Second, the
atlas-based auto-segmentation method lacks necessary
intervention methodologies and provides little final control by
the medical doctor over the segmentation. Recently, auto-
segmentation methodology with a user-defined template for
the library construction could handle the variations in rectum
anatomy. Luddemann et al. (23) have evaluated an interactive
graph-based segmentation algorithm with a user-defined
template by comparing the computer-assisted segmentation
results with manual expert segmentation of the rectum/
sigmoid colon and yielded a DSC of 83.58 + 4.08% in
gynecological brachytherapy. Therefore, auto-segmentation
with a user-defined template can be used for rectosigmoid
colon segmentation in gynecological external-beam radiation
and gynecological brachytherapy.

Frontiers in Oncology
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Femoral head-L Femoral head-R Spinal cord
0.592 0.610 0.240
0.237 0.492 0.191
0.883 0.877 0.062
0.320 0.705 0.199
0.592 0.722 0.163
0.592 0.610 0.240
0.514 0.859 0.892
0.697 0.722 0477
0.644 0.895 0.910
1.000 0.877 0.820
0.237 0.492 0.191
0.514 0.859 0.892
0.299 0.594 0.565
0.848 0.757 0.982
0.514 0.740 0.928
0.883 0.877 0.062
0.697 0.722 0477
0.299 0.594 0.565
0.395 0.823 0.550
0.697 0.841 0.628
0.320 0.705 0.199
0.644 0.895 0.910
0.848 0.757 0.982
0.395 0.823 0.550
0.644 0.981 0.910
0.592 0.722 0.163
1.000 0.877 0.820
0.514 0.740 0.928
0.697 0.841 0.628
0.644 0.981 0.910

Recently, the scope of auto-segmentation has been expanded to
arterial intelligence (AI)-based contouring using deep learning
algorithms (24-29). Earlier work by Liu (30) demonstrated that
the mean DSC values of deep learning-based methods were 0.924
for the bladder, 0.906 for the femoral head-L, 0.900 for the femoral
head-R, 0.791 for the rectum, and 0.827 for the spinal cord. The
results of ABAS in this study had comparable performance with
deep learning methods in the spinal cord but an inferior
performance in the bladder, rectum, femoral head-L, and femoral
head-R. The deep learning-based method outperformed the ABAS
method in OAR automatic contouring. However, many
radiotherapy departments have to use ABAS to automatically
contour the target area and normal organs due to a lack of deep
learning equipment or condition. This study provided a method for
selecting appropriate atlas library sizes and CT cross-slices for the
departments with ABAS.

There are several limitations in the current study. First, a
cohort of patients was included in all the atlases used in six

frontiersin.org


https://doi.org/10.3389/fonc.2022.945053
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

10.3389/fonc.2022.945053

TABLE 6 Results of post-hoc least significant difference (LSD) with HD value among different atlas library groups.

Atlasgroup Atlasgroup CTV Bladder Rectum
20 40 0.195 0.829 0.723
60 0.287 0.789 0.602
80 0.164 0.834 0551
100 0.120 0.813 0.970
120 0261 0.737 0.421
40 20 0.195 0.829 0.723
60 0.816 0.629 0382
80 0.922 0.670 0343
100 0.791 0.983 0.696
120 0.117 0.581 0.248
60 20 0.287 0.789 0.602
40 0.816 0.629 0.382
80 0.741 0.954 0.941
100 0.618 0.614 0.628
120 0.060 0.946 0.777
80 40 0.164 0.834 0551
60 0.922 0.670 0343
80 0.741 0.954 0.941
100 0.867 0.655 0.576
120 0.113 0.900 0.834
100 20 0.120 0.813 0.970
40 0.791 0.983 0.696
60 0.618 0.614 0.628
80 0.867 0.655 0.576
120 0.108 0.567 0443
120 20 0.261 0.737 0.421
40 0.117 0.581 0248
60 0.060 0.946 0.777
80 0.113 0.900 0.834
100 0.108 0.567 0.443

different atlas libraries. This pool could be overrepresented, and
this issue could influence somehow the results of the work.
Therefore, further investigations including a large number of
independently tested patients are needed for evaluating the
efficacy of the current ABAS library. Second, the research of
this approach only evaluated the influence of CT cross-slice
numbers on the time of ABAS automatic contouring. Future
work will be required to evaluate the influence of CT cross-slice
number on DSC and HD values of ABAS automatic contouring.

Femoral head-L Femoralhead-R Spinal cord
0.169 0.356 0.064
0413 0.164 0.637
0.069 0.067 0.773
0.162 0.153 0.340
0.180 0.071 0.675
0.169 0.356 0.064
0.574 0.638 0.098
0.654 0.138 0.067
0.981 0.610 0.240
0971 0372 0.088
0413 0.164 0.637
0.574 0.638 0.098
0313 0.309 0.854
0.558 0.969 0.628
0.599 0.672 0.958
0.069 0.067 0.773
0.654 0.138 0.067
0313 0.309 0.854
0.671 0328 0.504
0.628 0.551 0.896
0.162 0.153 0.340
0.981 0.610 0.240
0.558 0.969 0.628
0.671 0328 0.504
0.952 0.701 0.591
0.180 0.071 0.675
0971 0372 0.088
0.599 0.672 0.958
0.628 0.551 0.896
0.952 0.701 0.591

Conclusion

In our study, 20 atlases and a minimum CT cross-slice number
could insure the accuracy and efficiency of ABAS automatic
contouring during cervical cancer radiotherapy. Considering that
ABAS could not delineate the rectum organ accurately, manual
correction by a radiation oncologist is necessary. The data that we
used in this study was from only one department, which means that
the model may not apply to data with different situations. A larger

TABLE 7 The time of ABAS automatic segmentation among different atlas library sizes.

Time (s)
20 114.3
40 1152
60 114.1
80 115.8
100 117.2
120 1192

Range P value

108.7~119.9
109.2~121.1
100.2~128.1 0.974
103.9~127.8
104.2~130.1

105.8~136.7
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TABLE 8 Time for ABAS automatic contouring among different CT cross-slice numbers.

CT cross-slice number 61 65 72 75 81 84 P
Time (s) 99.9 106.8 114.0 120.6 127.9 134.8 0.032
dataset and more data sources could make the result more robust ACknOWledg ments

and have a better generalization capability.
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