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Performance evaluation of the AcculLearning system for automated delineation in cervical

cancer radiotherapy

ZHANG Zhuxiang, WANG Li'na, WANG Ning, ZHANG Pengcheng, QI Ning
Department of Radiation Oncology, the First Hospital of Lanzhou University (the First School of Clinical Medicine), Lanzhou 730000, China

Abstract: Objective To evaluate the performance of the AccuLearning system for automated delineation in cervical cancer
radiotherapy. Methods Planning CT images and manually delineated structures from 120 cervical cancer patients who
received radiotherapy at the First Hospital of Lanzhou University between May 2022 and May 2025 were retrospectively
included. Eighty cases were randomly selected as the training set to develop and train the automated delineation model, and
the remaining 40 cases served as the independent test set to generate the automated delineation results. Geometric differences
between automated delineation and gold-standard manual delineation from the test set were compared using the Dice
similarity coefficient (DSC), 95% Hausdorff distance (HD95), relative absolute volume difference (RAVD), and deviation of
centroid (DC). The original radiotherapy plan based on manual delineation was mapped to the automatically delineated
contours from the test set. The efficiency (delineation time) and key dosimetric parameters of the two delineation methods for
clinical target volume (CTV) and organs-at-risk (OAR) were evaluated. The assessed dosimetric parameters included CTV
parameters (Dyg, D,, V4, Vs, D, ..., and HI) and OAR parameters (V,,, V,,, V5, and D
V,, and D, for the bladder, and the D

for the intestinal pouch and rectum,

mean

for the bone marrow and bilateral femoral head). Results The time required for

mean mean

automated delineation by the AcculLearning system was significantly shorter than that for manual delineation (P<0.05).
Geometric evaluation of automated delineation results showed the maximum DSC value for the right femoral head and the

minimum DSC value for the rectum, with all average DSC value > 0.80. The intestinal pouch demonstrated the maximum CD,
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HD95, and RAVD, whereas bone marrow had the minimum CD, HD95, and RAVD. Dosimetric comparison revealed

statistically significant differences in the Dy, Vo, Vs, D, .. and HI of CTV between automated delineation and manual

delineation (P<0.05). For OAR, statistically significant differences were observed in V,, and V; of the intestinal pouch and

V,, of the bladder (P<0.05). Conclusion Automated delineation using the AccuLearning system can significantly improve the

delineation efficiency for cervical cancer and achieve high geometric similarity. Additionally, this system exhibits promising

application potential for OAR, yet further optimization is required to preserve delineation accuracy for the CTV.

Keywords: cervical cancer; radiotherapy; AccuLearning system; automated delineation; manual delineation
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*1 Fi5EHIEFEILLE (F£s,s)
Table 1 Comparison of contouring time between manual and

automated delineations (Mean+SD, s)

L4 FohAE (n=40) HNAE(=40) fH PfH
CTV 3185.25+398.42 35.1243.85  50.003 <0.001
7B 1395.68+142.35 34254285  60.476 <0.001
s 178.45+14.23 34.8542.95  62.495 <0.001
B 215.32+13.15 34.6842.81  84.962 <0.001
i 1595.24+152.36 3425£3.05  64.785 <0.001
FifBeesk  141.28+7.85 34.1542.75  81.458 <0.001
EMBEES 139.1549.12 34.7242.68  69.482 <0.001

22 JLAZESH
ERIRANDIREEE 3¢ L SN R ] =S
DSC{E f 1 , HL DSC A A%, DSC #1{H$4>0.87;
L DC AR K, B DCEE/N . W48 HD9S (i K,
HREHDISER . 148 RAVD (K, H i RAVD {H
/e W2,
23 FIEFSHEE
FIE SRS R R, CTV i Dyg .V . Vos D,
FHI BIFEAE B 325 5 (P<0.05) ,OAR 4%V, V.,
BB Vo 22 I Giit2E 2 L (P<0.05) . WL 3.

®2 BAEREI/LAFSHER (v+5)
Table 2 Geometric parameters for automatically delineated

contours (Mean+SD)

Ea) DSC DC/mm  HD95/mm  RAVD/%
CTV 0.89+0.03  3.35+1.08  4.35£095  6.85+3.25
s 0.89+0.04  5.45+2.15 10.85+3.25 12.45+5.85
iEL7} 0.86£0.08  2.15+1.25  9.65+7.45  8.95+4.25
Ji e 0.90£0.09  1.85+1.15  4.65+3.85  7.45+3.85
A 0.91£0.02 1254045  1.65£0.38  4.25+2.15
FOBEES  0.93+£0.04  1.75£0.95  1.85+0.88  5.85+3.15
MR 0.92+0.03  1.85£1.05  1.95+0.92  6.15+3.25

®3 BRAESFHAIEFNEFS LR (7+5)
Table 3 Comparison of dosimetric parameters between automated

and manual delineations (Mean+SD)

P Faham  HIEm M PR
(n=40) (n=40)
CTV
D, /Gy 47.68£1.05  49.75£0.08 12.432 <0.001
D,/Gy 51.58+0.15  51.55+0.14 0.925 0.358
Voo/% 99.35+0.52  99.98+0.03  7.650 <0.001
Vos/% 98.25+0.88  99.95+0.04 12.205 <0.001
D, .../Gy 50.62+0.08  50.73+0.06  6.957 <0.001
HI 1.06£0.02  1.04£0.01 5.657 <0.001
7]
V% 36.45+4.58  34.95+1.38 1.983 0.051
Vo/% 17.45+4.08  15.85+2.55 2.103 0.039
V% 4254210  2.98£1.05 3.421 0.001
D, .../Gy 37.2240.72  37.42+0.78 1.192 0.237
£/
V,/% 85.05+3.95 85.98+3.58 1.103 0273
V,/% 43.45£6.48  44.55:5.40 0.825 0.412
V% 265172 235£1.65 0.796 0.428
nean/ GY 37.8542.95 37.98+2.88 0.199 0.842
Bt
V% 20.05£7.55 17.08+532 2.034 0.045
D, o0/ Gy 4335235  42.68+2.05 1.359 0.178
FHE Dpyean/ Gy 25.75+0.88  25.78+0.90 0.151 0.881
HMBELD,, /Gy 1145135 11.35£1.43 0322 0.749
ZEMEE kD, /Gy 11.25£1.35 11.48+1.58 0.700 0.486

W N TR RE TR JEE 27 ~) BORAE B 2 s B9 1
F, AT BT 3R B 3 TR S5 2 2] 1 A 2l 2 R 7R



- 850 -

N e

543 %:

B SR B — AR Dy v I e PR B
BN €/ N E RS PN R RS
1 /& Z P AE TR YT A 32 755K . AccuLearning 5
BLh A ORI 2E ) AR G 3 Bl /INVRE AR I R £ s
A AT DLVER X B SR A B A TR YR TE B S0
PERBLTY SRS B 1 K

AHFSE 7% B R CTV M OAR (1) [ 8l /2) i i}
[B] 42 E KT T8 2 ], #£ 7~ AccuLearning H 2)1/2) ] &
45 ] 4 S /) ) G R Sk 4 T 24 B ) A X
AR T A B 2 00 3 05 5k CTV 56 &
4%, JLJFE R T BEAE T e SV A i %o LU B 1) i PR 2
LORSUR S 8 BT i W7 w i & ) KA NTTR 7Y = SemI FA NI
YT DA | W iff b 20 5 1 G G RO 40 et B () A
B [FIBS, CTV B HE 748 7 s 45 k) v sy 52 4%
(R AE |, T A, 15 RO e 1 R A SR AT, I B 3 e
DK b T 2y ) 1 e 5 5 R4S By /) i 2 ot R
2], REME R 18] 58 B B 2 25 R (R R ) 5 4 81, T A
BUE AR 155 Sl A W R 43 i) R] S T A R
S B IE] o R s A TR B A T T 2 R
NTT 7 B, i — 2R RR T B i

DSC .HD J& [ 2ly/a) il JLA] 2 VP4l 5 18 1) 5 248
Bro DSC FE Won [ 372 5 T3l ) ) 2 [7] (1 5 K
A RE B AT 1 H R PR ) iy X
T B B9 A R, DSC>0.70 B R [ o) 2)
5 S bRl AR KSR = AR AR A
} DSC #1151 >0.80, $£ 7~ AccuLearning &4t H 8/ 2)
I 7 B 2R A L — Bk R 4. 95%HD &R
Tt 7 X0 T 1 S B 0 0 e Rl 22 AR T ELHE
4 T B B A 3 U AR BRI B, TR HE HD o 2L 5L
{H LRt BuE MR E s e A Bh
) i JUAR] 2 SR A R R 4% HD9S (B e KB
i HD95 {Hfe/ N s i 8 B H Sk HD9S H <2 mm, ##/R
NFW A R B .CTV HD9S {EH <5 mm, 748 |
JY 45 1% 2 JIE 4% HDOS (B i =5 o 7] e i PRI AE T BE
JE| AR 7 41 8004 CT A 22 S8 /0N , B 1 R 4 AT il 34
Y i SR WP IS B R] R R B E S
T 3 S BOU S UE S AR N A5 a3 FHR
S, LA ZFh R R ] R 4% L B AE HD WK .
DC {E B /) & A )72 i 5 T 3 ) i 25 44 JLA ey
S EARN B AR LR . 24 DC BT 0 i, 22 3
P TP a5 2 (R B BT, B 3l ) A R AR
7 T ELA B R AR [ s ) i L S
AR BoR, 1748 DCEFR  BREDClERv N B i/
NFNG A B B . IS Sk LB B IR DC
SEREI/INT 2 mm, NF CT IR, =4z [l

B AR IR R oK, T RESZ I 7T
BRREATR K 4 & ARk ir s, RAVD Eom H
Sl A RS B PE S . 4% RAVD (HECK, B
BERAVDfHEv N, $7RxF T4 i e L HA —
TE B A PR S 2 AR (AL 4 K, E B /A sk
SRR T[], PRI 5 - 2 /) 1l 25t A X
o A AT A 10 S H R G R 4 USSR AN AL RE
BREE MRS 578, FEEBUGE LS F o) im
FE—3,

Rl A SR A5 R 7R, CTV [ Dyg . Vo Vs
D, .. M HIA 3% 22 5, OAR B4 Vo, . V., FIEEE
Vo 2Z R A G EE L, KRS HE T 5T
B X PRI TR R G A 8l /A S E VR T
R, OAR A B A NG IR T, {H CTV i 7 5547
TE— 5 b 22 UG, A7 75 22 15 A R A AT s 48 1 s 1
Mo HIFEHE AT RELE T A 320 48 5 1 4 R m £,
PRy AT S A AR Ak, A A () B A AR
TUMB R GEE IR 2 . CTV S2&Ab J7 7 Y B B2 52 18
5 RS R EAlE X ERaE TV, K
WF5EH, FETF B A E T CTV B Dy Vos S5
WL T TF-sh Ay im & 50 5 5 A, X XL
B SR o AR R G R A T IS U A T 3 2 2 T
WA i, S EOE AR AR R K. A oA i 5
I T AR A AE F A i, Joid 2% 2004 HLIX i A
TN, OAR U H A H i Fe Al T 24 1
(B, L) 24 S S PR R HH F 82 i
K E R R, /M 22 4 T OAR if 52 HR R 71 X
S M AT/ | A T B S A B A S 4 A R R

2% I, AccuLearning & 4 78 & i R J5 CTV
OAR ) A 2ly/z) i rp HAT =1 B2 PR A, v] 3%
P& TH I PR B2 A ) I %% . OAR o 2 =k B i
5 JUARTHRS B2 35 B 1l PREEK B CTV H 3l/2) 25 14T
TGIREA N TAEIE . AR, w3l 8 il Zme A
i AR B 2 ) Bk $28 CTV 2 kG B, 35 i
Xof AR A S 25 A AR AR Rl v o TR RS, AR 5 LA
Bl WA R AR VAR 2 S FORBEA B A
B LA B v [l B 5 T, AT R 2 e A A6 1) 5
FEARAR B FE b, 073 B0 4, S A Z 088, 1
KGR, B AR R

(&% k)

(1] T&, £3e9p, B3, . 10668 358 &4 Ke e £ ARER

&R e COX w1 )a5r[J]. & Ba = Als k& &, 2022, 23(3):
318-319.
Ding X, Wang QY, Ma LL, et al. Investigation on postoperative
prognostic quality of life and prognostic COX regression analysis in
106 cervical cancer patients|J|. Chinese Journal of Clinical Obstetrics
and Gynecology, 2022, 23(3): 318-319.



7 , .AcculLearning

- 851 -

(2] 3%, TRk, 2004, 5. NARRHIT R TRES I THEIER

RREEAREE BFHASHHaT]. FEEFKE, 2022, 3709):
33-37.
Hu J, Chen F, Gong XQ, et al. Effect of training volume on the
automatic segmentation of clinical target volume and organs at risk in
patients with cervical cancer based on deep learning [J]. China
Medical Devices, 2022, 37(9): 33-37.

(3] %, xl4E, 23, 5 AT Unet SRV 2 M 44 & HUB AL IR 15 R

R EAEE A S EA[T]. F B EH$IR, 2022, 1924):
98-102.
Li X, Liu Y, Wang C, et al. Application of automatic sketching of
clinical target volume and organs at risk in cervical cancer based on
U-net convolutional neural network[J]. China Medical Herald, 2022,
19(24): 98-102.

[4] &%, 2584k, & =M, % . AccuLearning B 3 4 & & JR¥e X v & R

BEATEHBAB AT G TATRAL[I]. FREFRE, 2024,
40(2): 153-157.
Chen F, Gong XQ, Yu YP, et al. Feasibility of automatic segmentation
of CTV and OARs in postoperative radiotherapy for cervical cancer
using AccuLearning[ J]. The Journal of Practical Medicine, 2024, 40
(2): 153-157.

(5] Aftia, #mnl, AR, . R TR S ST 0 FRAT e K R
R BT AHGBALLI]. ARM G E S, 2022, 30(20): 3759-3762.
Quan KR, Bai PG, Chen WJ, et al. Automatic contouring of clinical
target volume and organs at risk in radiotherapy for cervical cancer
based on deep learning[ J]. Journal of Modern Oncology, 2022, 30(20):
3759-3762.

(6] & &m, £E-F. AT nnUnetv2 3 k498 ST &4 AME B
4 B REAEN[T]. ARG E 5, 2024, 32(11): 2040-2045.
Zeng ZP, Zuo GP. Effect evaluation of rectum wall automatic
delineation based on nnUnetv2 algorithm in cervical cancer patients
received radiotherapy [ J]. Journal of Modern Oncology, 2024, 32(11):
2040-2045.

[7] Chen XM, Sun SL, Bai NRS, et al. A deep learning-based auto-
segmentation system for organs-at-risk on whole-body computed
tomography images for radiation therapy[ J]. Radiother Oncol, 2021,
160: 175-184.

[8] LiYM, Rao S, Chen W, et al. Evaluating automatic segmentation for
swallowing-related organs for head and neck cancer [J]. Technol
Cancer Res Treat, 2022, 21: 15330338221105724.

(9] AIpis, R4, WA, F . R TERF T T HRAIEIT BB
THADAS[T]. FhRFEFR(EFHR), 2022, 47(8): 1058-1064.
Cheng TT, Zhang ZJ, Yang X, et al. Automatic delineation of organ at
risk in cervical cancer radiotherapy based on ensemble learning[ J].
Journal of Central South University(Medical Science), 2022, 47(8):
1058-1064.

[10] #47, Z470, B4, 5 S RBAITE T AR R T A4 36 UM
Fa il FF oI A EF TALIEK, 2024, 28(1): 26-34.
Huang X, Wang XZ, Xue T, et al. Geometric and dosimetric analysis
of automatic segmentation of organs at risk for radiotherapy on
nasopharyngeal carcinoma[J]. Biomedical Engineering and Clinical
Medicine, 2024, 28(1): 26-34.

[11] g de, 56dm, x| 4%, & LEARTHANRC R RE P LA ST
B &[] P EEFHEELRE, 2024, 41(2): 163-168.

Xie ZH, Lu N, Liu JF, et al. Auto-segmentation of target areas and
organs-at-risk for total marrow and lymphoid irradiation in children
[J]. Chinese Journal of Medical Physics, 2024, 41(2): 163-168.

[12] &, 3AF, BASE, . DHEAINGEAETHEAT T AZHA S

TTATWAR[T]. P B E %A, 2021, 36(11): 27-31.
Chen F, Hu J, Dai CH, et al. A feasibility study of automatic
delineation using small sample data training algorithm model for the
cervical cancer radiotherapy[J]. China Medical Devices, 2021, 36(11):
27-31.

[13) £F%, TR, FRrE, 5 AT AR ZR LG IR AL
BHFR[T]. B AR A, 2023, 44(5): 45-49.

Zuo YH, Lei SF, Lu XY, et al. Automatic delineation of superficial
parotid gland based on convolutional neural network [J]. Chinese
Medical Equipment Journal, 2023, 44(5): 45-49.

[14] FEF, T4, BT, F. A TAZF R4 809 T BT

REBMAR AN FFHE[I]. B EFHIEFERE, 2025, 42
(7): 847-852.
Qi YN, Chen XM, Chen FP, et al. Dosimetric study on different
bladder filling status in cervical cancer radiotherapy based on artificial
intelligence-assisted segmentation [J]. Chinese Journal of Medical
Physics, 2025, 42(7): 847-852.

[15] FR &7, %] 864, 35 RAk, 5 R RV IP 3 oo B UT A 5B iR 5%

AR e BB BT A B 2RI PR EF SR E, 2024,
41(3): 265-272.
Chen MN, Liu YM, Peng YL, et al. Comparison of interobserver
variations in delineation of target volumes and organs-at-risk for
intensity-modulated radiotherapy of nasopharyngeal carcinoma among
physicians from different levels of cancer centers[J ]. Chinese Journal
of Medical Physics, 2024, 41(3): 265-272.

[16] #r) &, B A, R m, . & TATH I A 20U T

BH BB E AN DR IUATF R B FAEARLT]. S RiE EA
K AR, 2024, 58(2): 143-148.
Xu GQ, Cai WT, Xu LL, et al. Geometric and dosimetric accuracy
research of auto-segmentation organs at risk in patients with left breast
cancer radiotherapy based on artificial intelligence technology[J].
Journal of Harbin Medical University, 2024, 58(2): 143-148.

(17] &840/, 04, W, 5. R TRERATT 09 H T FARA I

AR B B0 A DAL A TATIRLT]. P EE R M ELE,
2021, 38(2): 148-152.
Xian LX, Li GJ, Xiao Q, et al. Feasibility study of evaluating
autosegmentation accuracy with geometric indices based on dosimetric
parameters of esophageal cancer radiotherapy/[ J]. Chinese Journal of
Medical Physics, 2021, 38(2): 148-152.

(18] Zrk %, Mk, #HAE, 5. ALY 3 E& % B AT SBT3 A&
AL Hoa [ T]. AN G B 5, 2023, 31(15): 2899-2903.

LiLJ, You Y, Xie JL, et al. Application of artificial intelligence to auto-
segmentation organ at risk in radiotherapy for nasopharyngeal
carcinomal J]. Journal of Modern Oncology, 2023, 31(15): 2899-2903.

[19] Moww, 31 5 . A FIRES S a9 EF AR A 304 3 0% P g
M F A ERAELT] P B E T4, 2021, 36(10): 169-172.

Chen XM, Liu Y. Evaluation of the dose accuracy in application of
deep Learning-Based automatic delineation of normal tissues in
treatment planning[ J |. China Medical Devices, 2021, 36(10): 169-172.

[20] m &, BEmesk, T35, 5. T HBABHRY BHIARMT N ZF

HALT] Ak BEA K 5 54k, 2021, 42(10): 1210-1214.
Tian L, Xue XY, Wang YQ, et al. Dosimetric advantages of
bonemarrow-sparing intensity modulated radiotherapy for cervical
cancer after hysterectomy|[J]. Journal of Hebei Medical University,
2021, 42(10): 1210-1214.

(%4t I A)



