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Effects of algorithm and matching number on the auto-segmentation of organs-at-risk in patients

with cervical cancer
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Abstract: Objective To evaluate the effects of segmentation algorithms and matching numbers on the Atlas-based auto-
segmentation of organs-at-risk (OAR) in patients with cervical cancer. Methods The Atlas database of cervical cancer which
contains 60 cases was established with MIM-Maestro software. Another 10 patients with cervical cancer were randomly selected
out of the Atlas database. The manual segmentations of OAR, namely bladder, rectum and bilateral femoral head, by an
experienced radiation oncologist, were defined as the reference volume (V,). Subsequently, the OAR were automatically
segmented by majority vote algorithm versus STAPLE algorithm, with the matching number of 1, 3, 5, 7 and 9. The segmentation
results were assessed using time for segmentation (T), Dice similarity coefficient (DSC), sensitivity index (SI), deviation of
centroid (DC), Jaccard coefficient (JAC) and Hausdorff distance (HD). The results were also analyzed with one-way analysis
of variance and paired sample 7 test. Results The time for segmentation was independent of the algorithm and increased linearly
with the increasing of matching number. The results obtained by majority vote algorithm and STAPLE algorithm showed that
there were statistical differences in the SI of bladder and the DSC, HD, JAC of left femoral head between the matching number
of 1 and 3, 5, 7, 9. For STAPLE algorithm, the SI of bladder and bilateral femoral head showed statistical differences between
the matching number of 1, 3 and 5, 7, 9. Moreover, significant difference was only found in the SI of bilateral femoral head
between two algorithms. Conclusion The effect of segmentation algorithms on the Atlas-based OAR auto-segmentation is trivial.

The time for segmentation was positively correlated with matching number. With the comprehensive consideration of segmentation
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results, the matching number of 3 is recommended for clinical application.

Keywords: cervical cancer; organs-at-risk; radiotherapy; auto-segmentation
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Tab.1 Results of auto—segmentation of organs—at-risk by different matching numbers (majority vote
algorithm) (Mean + SD)

£ Viewmv1 Viewmy s Viewmv s Viewmv Viewmy s P
I} [i] /min 0.94+0.07 1.89+0.09 2.88+0.19 3.91+0.21 4.97+0.27 0.00
55 e
DSC 0.77+0.10 0.83+0.07 0.85+0.09 0.84+0.10 0.85+0.09 0.33
SI 0.88+0.11 0.95+0.03 0.95+0.03 0.95+0.03 0.94+0.03 *AOO
DC/em 1.07+0.60 0.60+0.35 0.61+0.58 0.75+0.57 0.70+0.58 0.31
HD/cm 3.60+1.51 2.92+1.17 2.87£1.39 3.13+£1.70 2.94+1.49 0.80
JAC 0.64+0.14 0.72+0.11 0.74+0.12 0.73+0.13 0.74+0.13 0.30
Hn
DSC 0.53+0.07 0.53+0.08 0.52+0.07 0.51+0.09 0.51+0.11 0.97
SI 0.54+0.12 0.52+0.09 0.48+0.10 0.46+0.11 0.46+0.13 0.41
DC/ecm 1.65+0.55 1.58+0.75 1.69+0.76 1.71+0.81 1.74+0.81 0.99
HD/cm 3.83+1.10 3.54+0.89 3.75+0.67 3.55+0.72 3.64+0.64 0.92
JAC 0.36+0.06 0.37+0.08 0.35+0.06 0.35+0.08 0.35+0.10 0.98
ZEMBE 2k
DSC 0.82+0.06 0.86+0.04 0.87+0.06 0.88+0.03 0.88+0.02 *AOO
SI 0.83+0.10 0.86+0.09 0.87+0.10 0.87+0.06 0.88+0.05 0.63
DC/cm 0.30+0.20 0.24+0.13 0.21+0.18 0.19+0.11 0.18+0.10 0.40
HD/cm 1.17£0.27 0.98+0.33 0.79+0.27 0.80+0.16 0.80+0.13 *AOO
JAC 0.70+0.08 0.75+0.06 0.77+0.09 0.78+0.04 0.79+0.03 *AOO
Ak
DSC 0.85+0.05 0.85+0.03 0.86+0.05 0.87+0.04 0.87+0.03 0.53
SI 0.88+0.07 0.88+0.07 0.89+0.09 0.90+0.07 0.90+0.06 0.90
DC/cm 0.25+0.17 0.26+0.18 0.25+0.16 0.24+0.15 0.25+0.13 1.00
HD/cm 1.10+0.34 1.05+0.32 0.92+0.30 0.87+0.25 0.84+0.28 0.23
JAC 0.74+0.07 0.74+0.05 0.76+0.07 0.77+0.05 0.78+0.05 0.49

DSC : Dice A B Z 40 ST AU %4 s DC 50 i 2% s HD : Hausdor ff 8 B9 ; JAC : Jaccard 4L 45 510 F A
N2 HAT G222 57 (P<0.05) : * IR Ve w19 Viewy s IR G225 AR Viewy 15 Vacawy s 21
BAGI 225 OFMR Ve 19 Viewy o ZIEEA G225 0FR Viewy 15 Viewy o Z IR B G 2225 5
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Tab.2 Results of auto—segmentation of organs—at-risk by different matching numbers (STAPLE algorithm)

(Mean + SD)

M Viesmres Vaesmoes  Vaesmues  Vacsmees  Vacsmones P
5[] /min 0.96+0.07 1.90+0.11 2.93+0.14 3.94+0.28 5.00+0.27 0.00
Bk

DSC 0.76+0.10 0.83+0.08 0.80+0.14 0.78+0.15 0.79+0.15 0.82

SI 0.89+0.11 0.95+0.03 0.96+0.03 0.97+0.03 0.97+0.02 *AO[O

DC/cm 1.10+0.56 0.61+£0.36 0.83+0.80 0.98+0.80 0.94+0.84 0.60

HD/cm 3.67+1.43 2.93+1.18 3.49+1.89 3.63+1.88 3.68+1.98 0.84

JAC 0.63+0.13 0.72+0.11 0.69+0.17 0.66+0.18 0.67+0.19 0.79
Til

DSC 0.51+0.05 0.524+0.09 0.56+0.06 0.57+0.08 0.57+0.07 0.28

SI 0.524+0.12 0.53+£0.09 0.66+=0.10 0.65+0.09 0.71+0.08 AOO#M

DC/cm 1.64+0.55 1.61+0.84 1.61+0.69 1.66+0.67 1.63+0.66 1.00

HD/cm 3.81+£1.10 3.60+0.95 3.494+0.58 3.14+0.47 3.27+0.67 0.35

JAC 0.354+0.04 0.36+:0.08 0.39+0.06 0.40+0.08 0.40+0.07 0.29
JE B

DSC 0.81+0.06 0.86+0.04 0.87+0.03 0.87+0.03 0.86+0.04 *AO[O

SI 0.81+0.09 0.88+0.09 0.95+0.03 0.96+0.02 0.96+0.02 *AOO#N

DC/cm 0.31+0.19 0.22+0.14 0.18+0.11 0.17+0.11 0.18+0.12 0.12

HD/cm 1.25+0.28 0.96+0.34 0.88+0.23 0.90+0.33 0.93+0.29 *AO[O

JAC 0.68+0.08 0.75+0.06 0.77+0.05 0.76+0.04 0.76+0.05 *AO[]
RSk

DSC 0.85+0.05 0.85+0.03 0.85+0.04 0.85+0.04 0.84+0.04 0.99

SI 0.88+0.07 0.90+0.07 0.95+0.04 0.97+0.03 0.96+0.03 AOO#MN

DC/cm 0.24+0.17 0.26+0.18 0.27+£0.16 0.27+0.17 0.28+0.16 0.99

HD/cm 1.124+0.34 1.10+0.33 1.124+0.39 1.23+0.34 1.2+0.32 0.89

JAC 0.74+0.07 0.74+0.05 0.73+0.06 0.74+0.05 0.73+0.06 0.99

B GAER T AR HZ M BA G2 57 (P<0.05) :¥3KIR Ve simpie 1 -5 Vacstnie 5 A G E 25 AR
Viesmarie 13 Vacstare s ZIEH G 5255 OFIR Vicsmaie 13 Vacsares - ZIEH G225 03K Vs 4
5 Vycsmarie o ZIEA G2 5 #5808 Ve st 223 Vacsmapie s LA G225 3R Ve smapie 9 Vacstarie 7
ZIEA G422 5 108 Vacsmanie 23 Vacstarieo ZIAGEHE 2 5+
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Fig.1 Schematic diagrams of segmentation results obtained by different algorithms
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Tab.3 Statistical analysis on segmentation results obtained by majority

vote algorithm and STAPLE algorithm (match number of 3)

P1H
& MR E 5
DSC SI DC HD JAC  HtH
B 1ok 0.17  0.06 0.08 0.77 0.47
=17 041  0.85 0.41 0.40 0.43
0.34
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VElIIE=S'S 0.08  0.00 0.35 0.39 0.10
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