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Abstract 

Background: Contour delineation, a crucial process in radiation oncology, is time-consuming and inaccurate due to 
inter-observer variation has been a critical issue in this process. An atlas-based automatic segmentation was devel-
oped to improve the delineation efficiency and reduce inter-observer variation. Additionally, automated segmenta-
tion using artificial intelligence (AI) has recently become available. In this study, auto-segmentations by atlas- and 
AI-based models for Organs at Risk (OAR) in patients with prostate and head and neck cancer were performed and 
delineation accuracies were evaluated.

Methods: Twenty-one patients with prostate cancer and 30 patients with head and neck cancer were evaluated. 
MIM Maestro was used to apply the atlas-based segmentation. MIM Contour ProtégéAI was used to apply the AI-
based segmentation. Three similarity indices, the Dice similarity coefficient (DSC), Hausdorff distance (HD), and mean 
distance to agreement (MDA), were evaluated and compared with manual delineations. In addition, radiation oncolo-
gists visually evaluated the delineation accuracies.

Results: Among patients with prostate cancer, the AI-based model demonstrated higher accuracy than the atlas-
based on DSC, HD, and MDA for the bladder and rectum. Upon visual evaluation, some errors were observed in the 
atlas-based delineations when the boundary between the small bowel or the seminal vesicle and the bladder was 
unclear. For patients with head and neck cancer, no significant differences were observed between the two models 
for almost all OARs, except small delineations such as the optic chiasm and optic nerve. The DSC tended to be lower 
when the HD and the MDA were smaller in small volume delineations.

Conclusions: In terms of efficiency, the processing time for head and neck cancers was much shorter than manual 
delineation. While quantitative evaluation with AI-based segmentation was significantly more accurate than atlas-
based for prostate cancer, there was no significant difference for head and neck cancer. According to the results of 
visual evaluation, less necessity of manual correction in AI-based segmentation indicates that the segmentation 
efficiency of AI-based model is higher than that of atlas-based model. The effectiveness of the AI-based model can be 
expected to improve the segmentation efficiency and to significantly shorten the delineation time.
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Background
In radiotherapy, radiation oncologists define the tumor 
and Organs at Risk (OARs) on computed tomography 
(CT) images in the treatment planning system (TPS) 
and their definitions are crucial to identify the radio-
therapy region for the assessment of therapeutic out-
comes and expected occurrence of toxicities. However, 
this process is generally time-consuming and burden-
some, given the need for manual delineations. For 
example, in head and neck cancers treated with inten-
sity-modulated radiotherapy (IMRT), the precise work 
of segmentation requires approximately 3 h [1], and it 
takes several days for the therapy regimen in addition 
to performing daily clinical work. Additionally, several 
studies have demonstrated that there is a significant 
deviation among experts [2–4]. Large inter-observer 
variation may cause inaccuracy in treatment. To stand-
ardize delineation and improve contouring efficiency 
in radiotherapy, automatic segmentation methods have 
been developed.

Atlas-based segmentation have been developed to 
improve contouring efficiency, which is expected to 
reduce the inter-observer variation and the burden on 
clinicians [1, 5–9]. Atlas-based segmentation is a tool 
that creates a database of contoured CT and automati-
cally delineates for new patients based on that data-
base. However, actual tissues have patterns of varying 
intensity, making it difficult for computer vision-based 
algorithms to work effectively in a uniform man-
ner. Recently, researchers have aimed to delineate 
using artificial intelligence (AI) technology based on 
deep-learning neural networks (DNNs). AI-based seg-
mentation is a tool to register contoured CT as train-
ing data, and delineate for new patients based on the 
learned network. Many investigations have attempted 
to develop their in-house AI-based model for applica-
tion for patients with various cancers for the assess-
ment of delineation accuracy [4, 7–11]. Although these 
studies state that the AI-based method provides greater 
accuracy and efficiency than ordinary methods, prob-
lems such as required technical skills of development of 
programing code to implement it and the great effort to 
collect contoured datasets still remain.

A commercial software has provided advanced tech-
nology for AI-based auto-segmentation models. Since 
this software uses an AI-database on the cloud, there 
is no necessity to create a database and it is easy to 
implement. If auto-segmentation accuracy is clinically 

acceptable, the delineation work can be significantly 
shortened, and radiotherapy can also be initiated 
sooner. For rapidly growing tumors, such as head and 
neck tumors, it is desirable to promptly conduct radio-
therapy or often apply adaptive radiotherapy [5].

Our study aims to evaluate the accuracy of an AI-
based auto-segmentation model as well as the con-
ventional atlas-based model in comparison with the 
manual model delineated by radiation oncologists. In 
this study, the evaluations were performed with effi-
ciency, similarity indices, statistical analysis, and visual 
evaluation for the patients with prostate cancer or head 
and neck cancer. This study is the first report to assess 
atlas- and AI-based delineation accuracy using AI-
based auto-segmentation model provided by commer-
cial software that has already been completely trained. 
By confirming the availability of AI-based model of the 
commercial software, it is expected to clinically utilize 
the AI-based segmentation without no effort or time to 
build the model.

Methods
Patients
The auto-segmentation accuracy for the bladder and 
the rectum for the patients with prostate cancer, the 
brain stem, mandible, eye, parotid gland, optic chiasm, 
optic nerve, and spinal cord for the patients with head 
and neck cancer were evaluated. The prostate was not 
evaluated because there are not prostate contours in 
manual delineations at our institution. In this study, tar-
get volumes, such as the Gross Tumor Volume or Clini-
cal Target Volume, were not considered. All organs at 
both sites were manually delineated by three radiation 
oncologists for patients with prostate cancer, and five 
for patients with head and neck cancer. The commer-
cial software MIM Maestro (ver. 7.0.3, Cleveland, OH, 
USA) was used to apply the atlas-based segmentation 
 (SEGatlas) and compare the delineations. MIM Contour 
ProtégéAI (ver. 0.9), which is limited to research use at 
the time of this study, was used to apply the AI-based 
segmentation  (SEGAI). The auto-segmentation accura-
cies of the two models were evaluated by the compari-
son with manual delineation as a reference. This study 
was approved by the institutional review board of the 
National Cancer Center Hospital in Japan (approval 
number: 2018–318), and was conducted according to 
the ethical standards of the Declaration of Helsinki.

Keywords: Artificial intelligence, Automatic segmentation, Deep learning neural network, Prostate cancer, Head and 
neck cancer
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Atlas‑based segmentation
A total of 41 patients with prostate cancer treated at 
our institution were assessed in this study. Among all 
patients, 20 datasets (CT images with delineations) 
were registered in the atlas database to build the model. 
The remaining 21 patients were used for the model 
evaluation. Similarly, the total number of patients with 
head and neck cancer was 50. The number of datasets 
for the model and evaluation were 20 and 30, respec-
tively. The patients’ dataset for modeling was used only 
in the atlas-based condition. The workstation with 
2.5  GHz quad-core processor was used to execute the 
 SEGatlas.

To perform  SEGatlas, the atlas-database was built. 
The patients for modeling were registered in the MIM 
database. One patient was selected as the reference 
patient from among the registered patients. The other 
registered patients were rigidly aligned to the refer-
ence patient to calculate the similarity matrices to the 
reference patient. Similarity matrices for all registered 
patients were prepared in advance. As shown in Addi-
tional file  1: Figure S1, the workflow of the  SEGatlas 
was as follows: The rigid alignment was performed 
between the test patient and the reference patient, and 
the similarity matrix was calculated to search for simi-
lar patients from among the registered patients. After 
identifying several patients with high similarity, the 
existing structures of the selected patients were prop-
agated to test patients based on the deformable image 
registration  (DIR) [12]. This process was performed 
several times, and multiple structures were created on 
test patient’s CT image for each site. The final structure 
was determined by the majority vote method.

The majority vote method in the  SEGatlas was used 
to improve model accuracy. The structures from 5 
patients most similar to the test patient were selected 
from the database and DIR was performed between 
the 5 patients and the test patient. DIR was performed 
based on the intensity of CT image. From the propa-
gated 5 delineations, the area in which over 3 deline-
ations overlapped was specified the final contour. For 
small volume structures such as the eye, optic chiasm, 
and optic nerve, we adopted one candidate patient 
whose structure displayed the best matching to the test 
patient, instead of five, given the small region of over-
lapping organ volume.

For patients with prostate cancer, the rectum was 
delineated on the CT images by masking rectal gas to 
avoid the effect of gas in the rectum. After propagations 
at both sites, the created atlas-based delineations were 
subjected to hole-filling, smoothing, and cleaning of 
tiny fragments of the delineations.

AI‑based segmentation
The AI database on the MIM cloud was used. MIM 
Contour ProtégéAI is based on neural network for auto-
mated delineation on CT and magnetic resonance (MR) 
images. A neural network constructed of multiple layers 
is a mathematical model that imitates the network struc-
ture of neurons in the human brain [13]. Neural network 
is commonly used in image recognition by taking advan-
tage of the characteristic of learning from a large amount 
of data. The neural network model of Contour ProtégéAI 
is provided on the basis of the U-Net architecture [14]. 
U-Net is the model for semantic segmentation, which is 
a method of categorizing each pixel, based on the periph-
eral pixels. The AI database on the MIM cloud contains 
approximately 500–1000 registered training data for each 
treatment site. In the  SEGAI, 21 patients with prostate 
cancer and 30 patients with head and neck cancer were 
evaluated.

Evaluation of segmentation accuracy
Three similarity metrics were used for evaluation: the 
Dice similarity coefficient (DSC) [15], Hausdorff distance 
(HD) [15], and mean distance to agreement (MDA) [16, 
17]. The DSC was obtained by dividing the overlapping 
volume of the two structures, A and B, by the mean vol-
ume of the two structures, as shown in the following 
equation:

When two structures, A and B, matched exactly, the 
DSC was considered to indicate unity. In this study, the 
delineation accuracies were determined to be excellent 
when the DSC value exceeded 0.8.

HD represents the distance between the two struc-
tures, denoted as A and B. HD can be calculated using 
the following equation:

where h(A, B), referred to as the directed HD, given by 
h(A,B) = maxa∈Aminb∈B�a− b� , where a and b rep-
resent any point at the outlines of structures A and B, 
and �a− b� is the Euclidean distance between a and b. 
MDA is similar to HD and can be derived by substitut-
ing the maximum with mean. If the outlines of the two 
structures are completely consistent, the HD and MDA 
approach zero.

The cranial-caudal length of the structures varies in 
the rectum and spinal cord, and the auto-segmentation 
accuracies cannot be accurately evaluated. Therefore, the 

(1)DSC(A,B) =
|A ∩ B|

(|A| + |B|)/2

(2)HD(A,B) = max(h(A,B), h(B,A))
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cranial-caudal length in these structures was the same as 
that of the manual structures created by erasing unneces-
sary delineations.

In addition, the relative volume errors ΔV in the vol-
ume of  SEGatlas and  SEGAI (Vauto) were calculated using 
the following equation with reference to the volume of 
the manual delineation (Vmanual). In this study, the mean 
and standard deviation of the relative error were also 
calculated.

To investigate whether each index of the DSC, HD, and 
MDA correlated with the volume, the correlation coef-
ficient was calculated. In addition, radiation oncologists 
visually evaluated the delineation accuracy of  SEGatlas 
and  SEGAI.

Statistical analysis
The R ver. 4.0.2 [R Core Team (2016) R: A language and 
environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria] was used 
for statistical analyses. For each index of the DSC, HD, 
and MDA, the test for independence from volume using 
Pearson’s product moment correlation coefficient was 
performed with a p value < 0.05. For each index of the 
DSC, HD, and MDA, the two-group difference test was 
performed with a p value < 0.05, for the  SEGatlas and the 
 SEGAI, respectively. First, the normality of the distribu-
tion was confirmed using the Shapiro–Wilk test. In cases 
of non-normality, the Wilcoxon signed-rank test was per-
formed. When the assumption of normality was met, the 
variance was tested by the F-test, and the Student’s t-test 
was performed when the variances of the two samples 
were equal, and the Welch’s t-test was performed when 
the variances were not equal. For comparisons between 
non-normally and normally distributed samples, the Wil-
coxon signed-rank test was performed.

Results
Segmentation efficiency
The processing time to create delineations was approxi-
mately 3  min per case on the atlas-based model and 
approximately 5  min (range, 3–10  min) per case on the 
AI-based model for the patients with prostate cancer. For 
patients with head and neck cancer, the processing times 
were both 6 min (range, 3–8 min).

Prostate cancer patients
Evaluation of segmentation accuracy
Figure 1 shows the DSC, HD, and MDA results for the 
bladder and rectum of patients with prostate cancer. 

(3)�V =
|Vauto − Vmanual|

Vmanual

In both the atlas- and AI-based models, the median 
DSC exceeded 0.8, indicating good agreement with the 
manual delineations. In the  SEGAI, the median value 
was closer to unity, and the interquartile range was 
smaller than that of the  SEGatlas. For HD, the median 
and interquartile range of AI-based assessment was 
smaller than that of the atlas-based assessment in both 
the bladder and the rectum. MDA results were similar 
to those of HD.

In the  SEGatlas, the mean relative volume error in the 
bladder was 25.7 ± 35.8%, and the maximum error was 
171%. The mean relative volume error for the rectum was 
20.9 ± 14.3%, and the maximum error was 47.5%. In the 
 SEGAI, the mean relative volume error for the bladder was 
6.2 ± 6.6% and the maximum error was 24.4%. The mean 
relative volume error for the rectum was 17.6 ± 10.1%, 
and the maximum error was 49.8%.

We also investigated the relationships between each 
index of DSC, HD, and MDA, and the volume. Additional 
file 2: Table S1 shows the Pearson’s correlation coefficient 
r between the volume and each index for the bladder and 
rectum for  SEGatlas and  SEGAI. No significant correlations 
between all three indexes and the volume were observed 
(p > 0.05).

Statistical analysis
As shown in Table  1, for each index of DSC, HD, and 
MDA of the bladder and rectum, two-group difference 
test was performed using the atlas- and AI-based deline-
ations. All indexes displayed a significant differences 
between the  SEGatlas and  SEGAI (p < 0.05).

Visual evaluation
Figure  2 shows several examples of  SEGatlas,  SEGAI, and 
manual delineations for the rectum and bladder with 
indications of the patient number. Some errors in the 
atlas-based delineation were detected near the bound-
ary when the boundary was unclear, such as the small 
bowel and the seminal vesicle. On the other hand, the AI-
based delineations were more consistent with the manual 
ones. The surrounding tissue, such as the small bowel, 
was unexpectedly included with the bladder in 17 of 21 
patients in the  SEGatlas and 5 of 21 patients in the  SEGAI.

Head and neck cancer patients
Evaluation of segmentation accuracy
Figure 3a shows the DSC of OARs for head and neck can-
cer patients. In the  SEGAI, the median values of the brain 
stem, mandible, bilateral eyes, and spinal cord exceeded 
0.8. In the  SEGatlas, the median value exceeded 0.8 for 
the mandible, bilateral eyes, and spinal cord. However, 
there were many organs with poor DSC, especially in the 
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optic chiasm and optic nerve, which had a small volume. 
Figure  3b, c show HD and MDA. In one case, the larg-
est HD was observed for the mandible in the  SEGAI. The 
values of the bilateral eyes were close to zero and agreed 
with the manual delineations. Additionally, the varia-
tion in MDA was lower than that in DSC. The interquar-
tile of the DSC for left and right eyes was 0.03 and 0.06, 
respectively (median 0.88 and 0.84), while the interquar-
tile of MDA was 0.03 and 0.05 (median 0.08 and 0.11), 
respectively.

The relative volume errors of the  SEGatlas and  SEGAI 
were calculated based on the volumes of the manual 
delineations. Additional file  3: Table  S2 shows the rela-
tive error in the volume for each organ. In the optic chi-
asm, the mean error was 72.9% in the atlas-based group 
and 65.7% in the AI-based group. We also investigated the 
correlation between each index of DSC, HD, and MDA, 
and the volume. Additional file  4: Table  S3 shows the 
Pearson’s correlation coefficients between the volume and 
each index.
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Fig. 1 The similarity metrics for the bladder and rectum for  SEGatlas (atlas-based segmentation) and  SEGAI (AI-based segmentation). a Dice similarity 
coefficient (DSC), b Hausdorff distance (HD), c mean distance to agreement (MDA)
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Fig. 2 Examples of manual and automatic delineations of the bladder and rectum.  SEGAI: AI-based segmentation,  SEGatlas: atlas-based 
segmentation
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Statistical analysis
Table  1 shows each index of DSC, HD, and MDA, and 
results of two-group difference test performed using the 
 SEGatlas and  SEGAI in head and neck cancer patients. 

Significant differences in all three indices were observed 
only for the right eye. No significant difference was 
detected among small tissues, such as the optic chiasm 
and optic nerve.
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Fig. 3 The similarity metrics for each organ of patients with head and neck cancer for  SEGatlas (atlas-based segmentation) and  SEGAI (AI-based 
segmentation). a Dice similarity coefficient (DCS), b Hausdorff distance (HD), c mean distance to agreement (MDA)
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Visual evaluation
Figure 4 shows an example of the  SEGatlas and  SEGAI and 
the manual delineations in patients with head and neck 
cancer, as well as the DSC results. In the mandible, both 
automatic delineations were very similar to manual delin-
eations in most cases. However, some instances included 
low DSC in the atlas-based assessment and there was 
insufficient delineation where there was a cavity within 
the bone. Additionally, on AI-based assessment, the 
delineation accuracy for cases after surgical resection of 
the mandible was inadequate, and this was an outlier in 
HD and MDA.

Figure 4b shows an example of the delineation of bilat-
eral eyeballs. In many cases of the eyes, automatic delin-
eations were similar to manual ones, but in some cases 
of atlas-based assessment, the delineation deviated sig-
nificantly, and the DSC was poor. In the worst case, the 
DSC was 0.56. The HD and MDA were 2.27 and 0.45 cm, 
respectively.

Figure  4c shows the delineation of the optic chiasm. 
Overall, the delineation accuracy was low. In the worst 
case, the DSC was 0.03. In cases with low DSC, there 
were many delineations that barely overlapped with 
the manual ones, even though there was only a slight 
deviation. The HD and MDA were 1.03 and 0.40  cm, 
respectively.

Figure  4d shows the delineation of the optic nerve. 
Overall, the delineation accuracy was low. In the worst 
case, the DSC was 0.001. Similar to the optic chiasm, 
there were many delineations that barely overlapped with 
the manual ones, even though there was only a slight 
deviation. In the  SEGatlas, the delineation drawing the 
muscle around the eye as the optic nerve was observed. 
The HD and MDA were 1.63 and 0.68, respectively.

Discussion
There are limited investigations on assessment of accu-
racy of  SEGAI, and this topic is still on investigation 
stages. The fact is that almost all of studies developed 
in-house software of  SEGAI for various target and organs 
[4, 7–11]. Recently, commercial AI-based model became 
available, and we aimed to evaluate the AI-based model 
provided by the commercial software. Commercial AI-
based model, compared with in-house AI-based model, 
features reduction of effort and time on the training data 
collection and model construction. Our study provides 
useful information on the commission of a commercial 
AI-based model for clinical implementation.

The delineations of the bladder and rectum using AI-
based model was more accurate in all three indexes of 
DSC, HD, and MDA (Fig. 1). For instance, Fig. 1b shows 
that the difference in median HD for the two models was 
as large as 1.37  cm for the bladder and 0.45  cm for the 

rectum. In addition, the results of  SEGatlas tended to have 
large outliers and all organs exhibited the interquartile 
percentile being larger than that of  SEGAI (Fig. 1). Among 
the three indexes, significant differences were detected 
between  SEGatlas and  SEGAI. For visual evaluations, there 
were some errors in the atlas-based delineation near the 
boundary, particularly when the boundary was unclear, 
such as near the small bowel and seminal vesicle (Fig. 2). 
The AI-based delineations were relatively similar to 
manual delineations. For the rectum, many atlas-based 
delineations were significantly smaller than the manual 
ones. This is because the segmentation was performed by 
the majority vote method, which adopts the overlapping 
region of the objects of multiple candidate patients’ mod-
els. Although visual evaluation revealed that both atlas- 
and AI-based delineations require manual correction, 
fewer correction-required-SEGAI indicates the segmenta-
tion efficiency of AI-based model is higher than that of 
atlas-based model.

There were no significant differences in similarity 
indexes between the  SEGatlas and  SEGAI in head and neck, 
which was inconsistent with the results of Wen et al. [9] 
who evaluated four mastication muscles. Their results 
demonstrated that AI-models outperformed atlas-model. 
However, we evaluated various common head and neck 
organs, and the size and the form of organs, and CT-
values varied. Of all organs evaluated in this study, only 
the brainstem demonstrated that the AI-model was 
closer to 1 for DSC and closer to 0 for HD or MDA, while 
there was no significant difference (HD: p = 0.16, MDA: 
p = 0.27). Except for the right eye, all other organs dis-
played no significant differences, therefore, accuracy of 
the two models was comparable.

Regarding DSC (Fig.  3a, b), both  SEGatlas and  SEGAI 
displayed high segmentation accuracy in the mandible 
and eye. However, low accuracies in small volume organs, 
such as the optic nerve and optic chiasm, were observed. 
Alternatively, the HD demonstrated comparable or bet-
ter results in such organs (Fig. 3c, d), due to differences 
in the derivation of the two methods. The DSC is calcu-
lated from the overlapping of the two delineations and 
HD is calculated from the simple distance between the 
two delineations. In the case of small volume delineation, 
the DSC tends to be small, even if the displacement of the 
two delineations is acceptable. This suggests that not only 
DSC, but also HD or MDA, should be used for evalua-
tion, and utilizing only one index should be avoided. 
When evaluating the delineations, especially for small 
volumes, it is recommended to use multiple indexes 
properly and perform visual checks for evaluation.

The advantages and disadvantages of  SEGatlas and  SEGAI 
are described as follows: In the  SEGAI, the delineations 
are created on the cloud-based system and downloaded 
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Fig. 4 Examples of manual and automatic delineations of the OARs for the head and neck cancer patients. a mandible, b eyeballs, c optic chiasm, d 
optic nerve
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in the Digital Imaging and Communication in Medicine 
(DICOM) format, Radiotherapy (RT) Structure, the effi-
ciency of  SEGAI is, therefore, dependent on the internet 
environment rather than the processing capacity of a 
workstation. Additionally, a wide variety of delineations 
can be created because a large amount of training data 
are registered in the AI database. However, since train-
ing data from all over the world are registered on the 

cloud, data regarding the registered patients’ character-
istics are unavailable. The registered dataset may include 
a variety of patient characteristics. Therefore, the influ-
ence of variations in physiques between races remains 
unclear. Moreover, other institutional characteristics of 
delineation may be reflected. For instance, the deviation 
between the delineations for the femur heads and pros-
tate among institutions is possibly caused by reference to 

Fig. 4 continued
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a delineation guideline or each institution’s own proto-
col. In addition, the delineation accuracy for the bladder 
can be associated with bladder volume. If different blad-
der management protocols are included in the registered 
patients, delineation accuracy may probably worsen. 
Actually, a full bladder is commonly recommended for 
prostate cancer patients, and the effect associated with 
bladder volume is smaller. Since full bladder manage-
ment was applied in this study, the DSC of the bladder 
was 0.95, and it agreed with manual delineation. Nota-
bly, it should be validated whether the delineations by 
the AI-based model satisfy the institution’s own protocol 
prior to clinical implementation. Otherwise, if there is an 
overemphasis on delineation efficiency and an AI-based 
model is clinically implemented without the validation 
process presented in this study, it may unexpectedly pro-
mote deterioration of not only standardization of deline-
ations, but also quality of treatment. The  SEGatlas requires 
more time to create delineations than  SEGAI, and it is 
dependent on the specifications of the workstation. 
However, the  SEGatlas can reflect institutional delinea-
tion protocols, because that institution’s patients can be 
registered with the modeling data. Registration of a large 
amount of modeling data to achieve efficient accuracy 
is necessary prior to use. These two models have some 
advantages and disadvantages. The automatic segmen-
tation method should be considered according to the 
purpose, institutional delineation protocol, and working 
environment.

The limitations of this study were that only the OARs 
were included, and the Gross Tumor Volume or Clinical 
Target Volume was not investigated. Although the MIM 
Contour ProtégéAI can automatically delineate target 
and normal tissues, target was not a focus of this study. 
Twenty datasets were used to build the atlas database 
in this study. The MIM Maestro recommends register-
ing over 20 datasets for the atlas-based model, however, 
the effect according to the number of datasets is unclear. 
Thus, improvement of delineation accuracy by increas-
ing the number of datasets requires further investigation. 
The delineation accuracies were evaluated using only 
similarity indices and visual evaluation, and the dosimet-
ric impact of segmentation inaccuracy remains unclear. 
In the future, we plan to assess delineation of other 
organs and targets. We also plan to perform MRI-based 
automatic segmentation.

Conclusions
The atlas- and AI-based delineation accuracies for OARs 
for patients with prostate and head and neck cancers 
were evaluated with manual delineations performed by 
radiation oncologists.  SEGatlas and  SEGAI are compa-
rable of efficiency. The costs in time for both automatic 

delineations methods are six minutes on the head and 
neck cases which is much shorter than the three hours 
required for manual delineation. On the other hand, on 
the quantitative evaluation using DSC, HD and MDA, 
higher accuracies were shown in  SEGAI for prostate can-
cer while no significant difference is shown for head and 
neck cancer between these two models. According to the 
results of visual evaluation, even both atlas- and AI-based 
require manual correction, less necessity of correction in 
 SEGAI indicates that the segmentation efficiency of AI-
based model is higher than that of atlas-based model. In 
conclusion, the effectiveness of the commercial AI-based 
model can be expected to improve the segmentation effi-
ciency and to significantly shorten the delineation time.

Abbreviations
CT: Computed tomography; MR: Magnetic resonance; TPS: Treatment plan-
ning system; IMRT: Intensity-modulated radiotherapy; OARs: Organs at Risk; 
DSC: Dice similarity coefficient; AI: Artificial intelligence; DNN: Deep-learning 
neural network; SEGatlas: Atlas-based segmentation model; SEGAI: AI-based 
segmentation model; DIR: Deformable image registration; HD: Hausdorff 
distance; MDA: Mean distance to agreement; DICOM: Digital Imaging and 
Communication in Medicine; RT: Radiotherapy.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13014- 021- 01896-1.

Additional file 1. Supplementary Figure 1: The workflow of the atlas-
based segmentation.

Additional file 2. Supplementary Table 1: The Pearson’s correlation 
coefficient r of volume and metrics in the bladder and rectum for the 
atlas-based segmentation and the AI-based segmentation.

Additional file 3. Supplementary Table 2: The relative error between 
manual and automatic delineation volume at each organ.

Additional file 4. Supplementary Table 3: The Pearson’s correlation 
coefficient between three similarity indexes and volumes at each site of 
head and neck cancer patients.

Acknowledgements
The authors would like to thank Mr, Kouji Kunito at Euro Medi Tech, Inc. for 
technical support of this study.

Authors’ contributions
YU, HO and HI determined and discussed the strategy of this study. TK, NM, 
TK evaluated evaluating segmentation accuracy from clinical aspects. MT, HN, 
KI, TC, JK, SK, SN, WC, HS provided technical assistance of data transfer and 
statistical analysis. All authors read and approved the final manuscript.

Funding
This study was partly supported by the joint research of National Cancer 
Center Hospital and ITOCHU corporation (C2019-121).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

https://doi.org/10.1186/s13014-021-01896-1
https://doi.org/10.1186/s13014-021-01896-1


Page 13 of 13Urago et al. Radiat Oncol          (2021) 16:175  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of National Cancer 
Center Hospital (the approved number is 2018-318) according to the ethical 
standards laid down in the Declaration of Helsinki.

Consent for publication
All the authors have approved the manuscript and agree with submission to 
your journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiological Sciences, Graduate School of Human Health 
Sciences, Tokyo Metropolitan University, 7-2-10 Higashi-Ogu, Arakawa-ku, 
Tokyo 116-8551, Japan. 2 Department of Medical Physics, National Cancer 
Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. 3 Department 
of Radiation Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, 
Tokyo 104-0045, Japan. 4 Department of Radiological Technology, National 
Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. 

Received: 27 May 2021   Accepted: 26 August 2021

References
 1. Jean-François D, Andreas B. Atlas-based automatic segmentation of head 

and neck organs at risk and nodal target volumes: a clinical validation. 
Radiat Oncol. 2013. https:// doi. org/ 10. 1186/ 1748- 717X-8- 154.

 2. Michael YC, Maria AW, Prokar D, Nicholas JR. Variability in accuracy of 
prostate cancer segmentation among radiologists, urologists, and scien-
tists. Cancer Med. 2020;9:7172–82.

 3. Hojin K, Jinhong J, Jieun K, Byungchul C, Jungwon K, Jeong YJ, et al. 
Abdominal multi-organ auto-segmentation using 3D-patch-based deep 
convolutional neural network. Sci Rep. 2020. https:// doi. org/ 10. 1038/ 
s41598- 020- 63285-0.

 4. Meghan WM, Mark P, Ivan T, Rajesh J, Aditya N, David C, et al. Autoseg-
mentation of prostate anatomy for radiation treatment planning using 
deep decision forests of radiomic features. Phys Med Biol. 2018. https:// 
doi. org/ 10. 1088/ 1361- 6560/ aaeaa4.

 5. Nelson TCF, Wai MH, Chun KS, Michael CHL, Wai TN. Automatic segmenta-
tion for adaptive planning in nasopharyngeal carcinoma IMRT: time, 
geometrical, and dosimetric analysis. Med Dosim. 2019. https:// doi. org/ 
10. 1016/j. meddos. 2019. 06. 002.

 6. Hyothaek L, Eungman L, Nalee K, Joo HK, Kwangwoo P, Ho L, et al. Clinical 
evaluation of commercial atlas-based auto-segmentation in the head 

and neck region. Front Oncol. 2019. https:// doi. org/ 10. 3389/ fonc. 2019. 
00239.

 7. Tim L, Johan VS, Mark G, Devis P, Paul A, Judith VDS, et al. Clinical evalu-
ation of atlas and deep learning based automatic contouring for lung 
cancer. Radiother Oncol. 2018;126:312–7.

 8. Sang HA, Adam UY, Kwang HK, Chankyu K, Youngmoon G, Shinhaeng C, 
et al. Comparative clinical evaluation of atlas and deep-learning-based 
auto-segmentation of organ structures in liver cancer. Radiat Oncol. 2019. 
https:// doi. org/ 10. 1186/ s13014- 019- 1392-z.

 9. Wen C, Yimin L, Brandon AD, Xue F, Shyam R, Stanley HB, et al. Deep 
learning vs. atlas-based models for fast auto-segmentation of the masti-
catory muscles on head and neck CT images. Radiat Oncol. 2020. https:// 
doi. org/ 10. 21203/ rs.3. rs- 23941/ v2.

 10. Jinhan Z, Yimei L, Jun Z, Yixuan W, Lixin C. Preliminary clinical study of the 
differences between interobserver evaluation and deep convolutional 
neural network-based segmentation of multiple organs at risk in CT 
images of lung cancer. Front Oncol. 2019. https:// doi. org/ 10. 3389/ fonc. 
2019. 00627.

 11. Zi Y, Hui L, Yan L, Strahinja S, Robert T, Lucien N, et al. A web-based brain 
metastases segmentation and labeling platform for stereotactic radiosur-
gery. Med Phys. 2020;47:3263–76.

 12. Brock KK, Mutic S, McNutt TR, Li H, Kessler ML. Use of image registration 
and fusion algorithms and techniques in radiotherapy: report of the 
AAPM Radiation Therapy Committee Task Group No. 132. Med Phys. 
2017;44(7):e43–76. https:// doi. org/ 10. 1002/ mp. 12256.

 13. Shih-Chung BL, Heang-Ping C, Jyh-Shyan L, Huai L, Matthew TF, Seong 
KM. Artificial convolution neural network for medical image pattern 
recognition. Neural Netw. 1995;8:1201–14.

 14. Olaf R, Philipp F, Thomas B. U-Net: Convolutional Networks for Biomedical 
Image Segmentation. In: Proceedings of the international conference on 
medical image computing and computer-assisted intervention; Munich, 
Germany. 5–9 Oct 2015; p. 234–241.

 15. Abdel AT, Allan H. Metrics for evaluating 3D medical image segmenta-
tion: analysis, selection, and tool. BMC Med Imaging. 2015. https:// doi. 
org/ 10. 1186/ s12880- 015- 0068-x.

 16. Nan B, Jingbo W, Tao Z, Xinyuan C, Wenlong X, Junjie M, et al. Deep learn-
ing improved clinical target volume contouring quality and efficiency 
for postoperative radiation therapy in non-small cell lung cancer. Front 
Oncol. 2019. https:// doi. org/ 10. 3389/ fonc. 2019. 01192.

 17. Jena R, Kirkby NF, Burton KE, Hoole ACF, Tan LT, Burnet NG. A novel 
algorithm for the morphometric assessment of radiotherapy treatment 
planning volumes. Br J Radiol. 2009;83:44–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/1748-717X-8-154
https://doi.org/10.1038/s41598-020-63285-0
https://doi.org/10.1038/s41598-020-63285-0
https://doi.org/10.1088/1361-6560/aaeaa4
https://doi.org/10.1088/1361-6560/aaeaa4
https://doi.org/10.1016/j.meddos.2019.06.002
https://doi.org/10.1016/j.meddos.2019.06.002
https://doi.org/10.3389/fonc.2019.00239
https://doi.org/10.3389/fonc.2019.00239
https://doi.org/10.1186/s13014-019-1392-z
https://doi.org/10.21203/rs.3.rs-23941/v2
https://doi.org/10.21203/rs.3.rs-23941/v2
https://doi.org/10.3389/fonc.2019.00627
https://doi.org/10.3389/fonc.2019.00627
https://doi.org/10.1002/mp.12256
https://doi.org/10.1186/s12880-015-0068-x
https://doi.org/10.1186/s12880-015-0068-x
https://doi.org/10.3389/fonc.2019.01192

	Evaluation of auto-segmentation accuracy of cloud-based artificial intelligence and atlas-based models
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Atlas-based segmentation
	AI-based segmentation
	Evaluation of segmentation accuracy
	Statistical analysis

	Results
	Segmentation efficiency
	Prostate cancer patients
	Evaluation of segmentation accuracy

	Statistical analysis
	Visual evaluation
	Head and neck cancer patients
	Evaluation of segmentation accuracy

	Statistical analysis
	Visual evaluation

	Discussion
	Conclusions
	Acknowledgements
	References


