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[ Abstract ] Obijective: To investigate the value of machine-learning-based radiomics in predicting disease-free survival (DFS)
and overall survival (OS) after concurrent chemoradiotherapy in patients with locally advanced cervical cancer. Methods: Three-
dimensional radiomics parameters of the primary lesion and its surrounding 5 cm region in T2-weighted imaging (T2WI) sequences
of all patients were measured. Six machine learning methods were used to construct the optimal radiomics model and to analyse its
incremental value for existing clinical markers. Results: Data of 632 patients with locally advanced cervical cancer who underwent
concurrent chemoradiotherapy with continuous follow-up in two centres were retrospectively analysed. And 552 patients from centre
1 served as the training set and 80 patients from centre 2 served as the validation set. In the prediction of DFS, the combined tumor
and peritumor randomised survival forest model showed the best predictive efficacy, with 1-year, 3-year and 5-year area under curve
(AUC) of 0.955, 0.906, 0.970, and 0.781, 0.885, 0.836 in the training and validation sets, respectively. In the prediction of OS, the
combined tumor and peritumor Deepsurv model showed the best predictive efficacy, with 1-year, 3-year and 5-year AUC of 0.977,
0.939, 0.933, and 0.846, 0.875, 0.808 in the training and validation sets, respectively. Conclusion: Machine learning-based radiomics
model helps to predict DFS and OS after concurrent chemoradiotherapy in cervical cancer patients, and the combination of radiomics
and clinical indicators has higher predictive efficacy, which can provide a reliable basis for diagnostic decision-making and prognostic
prediction in cervical cancer patients.

[ Key words ] Cervical cancer; Concurrent chemoradiotherapy; Radiomics; Machine learning; Disease-free survival; Overall
survival
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Fig.1 Radiomics workflow
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Fig.2 Study design flowchart
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2.3 BGAFHEEMIEKIERNIEENE
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Tab.1 Baseline data table of 632 cervical cancer patients

f+s min (% )

SR futd (5526 ) a2 (80)) P{E
Y. 146 (26.4) 25 (31.3) 0.271
T 129 (23.4) 21 (26.3) 0.403
I 57.07 + 10.16 55.85 + 21.21 0.711
SCCA/ (ng-mL™) 2.607 + 8.621 2.701+6.553  0.694
JiyRg A /mm 43.40 +15.41 45.50 + 14.28 0.673
N ERT 7 253 (45.8) 37 (46.3) 0.931
I L3 0.775

95 469 (85.0) 69 (86.3)

B 72 (13.0) 10 (12.5)

i 8(15) 1(1.2)

/N g 3(05) 0(0.0)
FIGO) ] 0.443

1B 29 (5.3) 5(6.3)

A 73 (13.2) 11 (13.8)

B 156 (28.3) 21 (26.3)

MA 10 (1.8) 1(12)

mne 17 (3.1) 3(38)

mcir 209 (37.9) 31(38.7)

mcer 9(16) 2(25)

VA 49 (8.8) 6(75)
HPEGTF /Gy 47.871+2.534 47.912+2.864  0.880
A R SR Gy 29.301 + 2.535 29.207+2.348  0.625
EQD2/Gy 86.123 + 4.241 85.788+4.357  0.492
1by7 5 = /mg 195.721 + 45.789  195.441 +45.616  0.661
7 A ORI 66 (12.0) 7(88) 0.108

SCCA: BRANMESE; FIGO: EPriH™RHKY; EQD2:
2 Gy SR AGH ik .
0.931., 0.9477#10.814, 0.898. 0.843, C-index
90.903, MeHEMIZ . P it 2 Sl R 52 e it
R ABIRI LG BE L R 1 S R A 25 3
(E4) . 54ENRI (0.222~0.710, P<<0.001) Al
IDI (0.084~0.311, P=0.014) iiEAHRadscoref#j i
AW T B R SR RE o
FEOSHy T, 4 . SCCA. FIGO

-1 . EBRT. EQD2 K Radscore &8 H T
#rfl, HFSCCA. FIGO/r ] 2 Radscore Xy
Sz R R . BRA R IO LA | 34F |
54E0SAHYAUCT 5 0.991 . 0.994., 0.973
(%4 ) #10.889, 0.874. 0.816 ( K iE
), JF B A B &R R IR % .
C-index/0.964, 54ENRI (0.358~0.824,
P<<0.001) F1IDI (0.151~0.467, P=0.026) iEH
Radscore X Ilfi PRAR Y HAG 3 i i B A
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Fig.3 Comparative evaluation of predictive performance across machine learning models for DFS and OS following concurrent
chemoradiotherapy in cervical cancer

 ARTFI RS AR L AR R T e S50038 [R] 2 Ay 7 5 DFSHIZE A AUC LA, R/ IR . T AR 4 A O BE A LA R O TINAK A s B BEATE
?F”EI’JAUCHZB( PLRRSFEE AR HAT e E B ALRE; C: RSFIRAHMIMZIRE TAERERZE; KD, E. FS5A. B, CHIF, HTHK
N RS T B 25098 1) AL ik Ak 7 5 OSHUZKRE , 457K DeepsurviBi RIEE AR e R Al . 4 AUC= (14EAUCH3AEAUCH54EAUC ) /3 x 100%.,

Fz2 6THREFE SIARETNE HE E £ i LT S DFSHIZEE
Tab.2 Predictive performance of six machine learning models for DFS Following concurrent chemoradiotherapy in cervical cancer

HiH Gaeitl DFS/4 e
Deepsurv dnnsurv GBM RSF SVM XGbhoost
Jirig pllEEN 1 0.909 0.989 0.885 0.863 0.752 0.800
3 0.953 0.974 0.870 0.914 0.680 0.755
5 0.997 0.977 0.869 0.894 0.753 0.853
AT 1 0.754 0.751 0.765 0.762 0.697 0.709
3 0.743 0.790 0.685 0.790 0.658 0.649
5 0.745 0.721 0.649 0.784 0.748 0.773
T IIZral 1 0.932 0.936 0.921 0.880 0.716 0.893
3 0.894 0.968 0.929 0.903 0.833 0.824
5 0.965 0.928 0.914 0.920 0.748 0.853
ez 1 0.701 0.743 0.665 0.722 0.694 0.598
3 0.654 0.703 0.670 0.792 0.768 0.583
5 0.706 0.670 0.516 0.784 0.686 0.676
e Ik 1 0.906 0.986 0.938 0.955 0.779 0.868
3 0.879 0.989 0.936 0.906 0.890 0.798
5 0.863 0.990 0.925 0.970 0.794 0.920
AT 1 0.776 0.769 0.784 0.781 0.754 0.738
3 0.779 0.809 0.769 0.885 0.702 0.795
5 0.821 0.714 0.819 0.836 0.738 0.794

AUC: & FEfl; GBM: BHEFIETIHL; RSF: BEVLAELFARM; SVM: HFpmEAL; XGboost: it EEHET,
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Tab.3 Predictive performance of six machine learning models for OS following concurrent chemoradiotherapy in cervical cancer
R AUC
gE| 4l OS/4f:
Deepsurv dnnsurv GBM RSF SVM XGboost
il pllEsRAE 1 0.984 0.966 0.842 0.907 0.720 0.835
3 0.909 0.992 0.936 0.869 0.892 0.840
5 0.952 0.990 0.917 0.880 0.751 0.821
Lioant| 1 0.792 0.757 0.676 0.538 0.635 0.673
3 0.762 0.753 0.716 0.644 0.775 0.785
5 0.741 0.663 0.722 0.526 0.773 0.705
s JH MIIEZRZN 1 0.884 0.991 0.997 0.899 0.872 0.899
3 0.879 0.996 0.992 0.985 0.869 0.912
5 0.967 0.996 0.965 0.944 0.814 0.774
AN At 1 0.752 0.741 0.652 0.755 0.780 0.764
3 0.803 0.784 0.772 0.806 0.770 0.792
5 0.783 0.737 0.668 0.603 0.747 0.868
E IR 1 0.977 0.999 0.999 0.852 0.960 0.968
3 0.939 0.995 0.995 0.921 0.866 0.921
5 0.933 0.999 0.978 0.930 0.841 0.917
LT 1 0.846 0.787 0.781 0.848 0.749 0.760
3 0.875 0.773 0.675 0.768 0.717 0.838
5 0.808 0.826 0.737 0.739 0.778 0.800
AUC: I NiHif; GBM: BREEHEFHL; RSF: BEHLEAFRRAR; SVM: SCHEIEEHL; XGhoost: Mt Eiest .
Fx4 BHEZECoxEIASITER
Tab.4 Result of multivariate Cox regression analysis
DFSZ K Z Cox [l 450 H7 OSZ [H % Cox|al |45 #r
HR (95% CI ) P{E HR (95% CI ) P{E
SCCA 3.11 ( 2.064~4.686 ) 0.011 3.937 (2.404~6.447 ) 0.007
FIGO4l]
I — —
| 1.474 (0.571~3.804 ) 0.233 1.938 (0.567~6.625 ) 0.291
m 1.878 (0.738~4.782 ) 0.015 2.631 (0.779~8.888 ) 0.019
v 3.827 (1.396~10.489 ) 0.024 2.202 (0.588~8.241) 0.003
EQD2 0.442 (0.299~0.652 ) 0.013 0.379 (0.242~0.591) 0.001
Radscore 4.138 (2.684~6.38) <0.001 69.326 (37.377~128.585 ) <0.001
SCCA: RRAMMREPLIF; FIGO: HFRIG™RHIM ; EQD2: 2 Gy /Uit 45400 i
24 BBEAFEBENEYFEX
RIG Fe A #R W (DFSH12.33, OSH  HERETEINAZLMN . Wi Z£456 LR 5T

3.75) XHEAE RS R safl B E T4l L
P<0.05, LogFCZixi{E>1RA, DFSH 46942
SN (LJE371, FIE98) , WS BRI

kRS OSA 335253 (114232, T
103 ) , TUREE AR . SR s O

B S AE (F5) .
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Fig.4 Integrated model combining radiomics and clinical parameters
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Fig.5 Biological Interpretation of Radiomics Models
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