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Predictive value of intratumoral and peritumoral DCE-MRI imaging histology
for progression-free survival in patients with cervical cancer
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Abstract: Objective To explore the predictive value of intratumoral and peritumoral radiomics in different ranges for
progression-free survival ( PFS) in patients with locally advanced cervical cancer undergoing concurrent chemotherapy
(CCRT). Methods A total of 135 patients with cervical cancer were retrospectively selected, including 32 patients
with progression and 103 patients without progression. They were divided into the training set and the validation set in a
7: 3 ratio. On the basis of the second phase images of dynanic contrast-enhanced magnetic resonance imaging ( DCE-
MRI) , three-dimensional volume of interest ( VOI) delimitations were performed in the 3, 5, and 7 mm areas within
and around the tumor. Radiomics features were extracted and dimensionally reduced, respectively. The selected charac-
teristics were used to construct combined intratumoral, peritumoral, and intratumoral-peritumoral radiomic models to
compare predictive efficacy. Clinical models were constructed by retaining statistically significant clinical characteristics.

A comprehensive model was jointly established based on the best radiomic features of area under curve (AUC) and the
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screened clinical features. The predictive ability of the model was evaluated using AUC and the consistency index
(C-index ). The models with the highest AUC and C-index values were used to evaluate the calibration curve, decision
curve analysis (DCA) and Kaplan-Meier survival curve. Results The intratumoral + 5 mm peritumoral model showed
better predictive efficacy than other radiomic models, with an AUC of 0.852, Compared to the clinical and radiomic
models, the comprehensive model showed the best predictive efficacy, with AUCs of 0.766, 0.852, and 0.872, respec-
tively. Through the calibration curve and DCA analysis, the comprehensive model had a high degree of calibration and a
large clinical net benefit. The Kaplan-Meier survival curve could distinguish between high-risk patients and low-risk
patients with disease progression. Conclusion The combined intratumoral and peritumoral radiomic characteristics
based on DCE-MRI can be used as an effective indicator for evaluating PFS in patients with locally advanced cervical
cancer undergoing CCRT. Among them, the intratumoral + 5 mm peritumoral model shows higher predictive ability,
and the comprehensive model incorporating clinical parameters has better efficacy.
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Figure 1 The ROI schematic diagram were drew

A; Original tumor image; B: Schematic diagram of intratumor ROI; C. Schematic diagram of 3 mm peritumoral ROI;
D: Schematic diagram of 5 mm peritumoral ROI; E. Schematic diagram of 7 mm peritumoral ROI; F. Schematic dia-
gram of intratumoral + 3 mm peritumorial ROI example diagram; G: Schematic diagram of intratumoral +3 mm peritu-
morial ROI; H: Schematic diagram of intratumoral +3 mm peritumorial ROI.
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Figure 2 Optimal radiomics feature screening using LASSO regression and ten-fold cross-validation
A The LASSO regression; B: The convergence plot of screening the optimal eigencoefficients.
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Table 1 Comparison of general clinical data between the training set and the validation set
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Figure 3 ROC curves of intratucular and peritumoral models
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Table 2 Univariate Cox regression analysis results of clinical
predictive parameters of PFS in LASCC patients
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Figure 5 The comprehensive model predicted the 3-year PFS calibration curve of patients in the training set (A) and validation set (B)



TEE S5 N B IR JE] DCE-MRI 5% 21 2 %1 8 250 25 3 To ik J A= A7 391 1 1l {1 51
DCA 245 5 8 Y1 B EAE R AE 0.10~0.34 L —
=3 Vit Tl 2L — G 5{"
FF, 25 A BSR4 16 DR ¥ 2 e, 7 5 4 57 P A4 0.15 —

{E, WK 6,

T 1 255 B 1R T B30 4 S B8 3 1 XU F 4, AR
T XU TP A3 A 55 (1.071) g 85 0B 18 % 5 3% R 4T
UG 43 )2, 12 UG 2 ( KU B4 = 1.071) Sy 41 31
ERXUBS: 20 ( XUBS: BF 43 < 1.071) &y 94 4], Kaplan-
Meier A= 77 1 28 43 A7 45 S S 7 v RURS: 24 BB 3 AR
DARS: 21 4 B0 5 1 Ji 1) AT e B K (P<0.001) , UL
K7,

0 0.1 0.2 0.3 0.4
Bl ES

Ko LiaBiAlwmm &% 3 4F PFS TR ML

Figure 6 The comprehensive model predicted the 3-year PFS

decision curve of patients

GrE S e R

1.00

0.75

=

0251
P<0.001

& N4

B 41 35
IRMUE: - 94 87

40 60 80

i)/
30 12 0
73 25 0

7 LAY Kaplan-Meier A (740 BT INZE I, 7 KUK IE A (21 (2) PFS W EMRTFIRKKL IR (4 () PFS
Figure 7 The Kaplan-Meier survival analysis curve of the integrated model showed that the PFS of high-risk patients (red) was sig-

nificantly lower than that of low-risk patients ( green)

3 3 i

CCRT & —MZi G HERIRIT ik, & rh g e
B RE I E BT R L H TSR R T
CCRT M2 e I, K2y 1/3 & S 1A
KRR BT AAE B SR T A8 o A
TN & IR RN B HiUR , R BUCE S & 1IRYT
J5 %, ARG TR YT X R AN AR, DT sk 6
o 2E R DA S BRI IR B

AR ] KB NGRS T A SR EOR
HAE RLRRAE, 1 40ROk | KN SO RE S 4 A
ST PR T A R — B R e L 1 i AR
5N TR REIIRA T LARE R 6905 12 W i 1) ] 5
PEVST N A BE VAL B Y R R TT RS R
J& , SRR BT A St

S R — A B Il RE W B e G 9 R M I A

B2 BETE 0 Aifeg R L 2H 44 5 A R iR S
FtE A5 HAMUA 17 B2 A 2544, in A
22 I 4t 0 ok e ) L 2 4 20 M 45, AH ELPE
CINEE A EES A TE LRl O A YN e = S
FEWIE KA R RIE R ET R, RS iR
57 MW o s AR A A VA e R 55 T s
HOBER RO E 2, R A b g A S e 4R 8L T
BT R RS K IR AT B S AR A BRI, iR
o g T AR AL Y A R B, HATE 2 H T 2431
B2 AWFFE AT DCE-MRI B4, #5898 P R TR
0 YR R B R % 47 CCRT A g 301 2 350 S 3 3 4R
PFS (K FUMANE , % BLI&E PN +5 mm I8 J5] 5 AR 2 244
UL T HAb Y5 [l J 12 W AL RE , iX 5 Mohammadi
L[ 268) prox 2R R 3. PA 3 mm .5 mm A 7 mm
P8 JRIRR Y AUC 439114 0.809 .0.844 & 0.779 , 1IEHH
9o J) DX S EL A R A ) R Tl 2 S, e P B L
JARERY AUC PR T-9 IR ) B 5 B 1Y 100 ] B —



52 [T N N

(B 2% ) 63 % 6 I

DX 3 ) TR S5 Ry Jmy B , 988 PR SRt b A9 Tl
B Z 05 B TR AR , BENS 22 4k B itk 414007, B
B HEREATINAAE, N DCE-MRI EI&5 WA
PRI IR SR DX I AR A 2F R AE , Sk AR B IR 57 5
PR T —FBT B

WFFEUE B, 40 A I R 2 5002 2 v B 78 13 g
F300 TR AR A T e AR PR A A D
I G RS E A R 25 A AT | 7 1 2R 45 A IE 4 v
) AUC F1 C-index 73 1|4 0.872,0.754 F1 0.863
0.670, 5 REAL 7988 TN 7R JR1 B 5 #5580 ( AUC: 0. 852
0.716; C-inex : 0. 846, 0. 643 ) Fil Ilf J& #% 1 ( AUC;
0.766.0.663 ; C-index : 0.757 ,0.667 ) , 7 B A% 21 2
SR IRSEUEE A 0T DL s R %) T o i o, 5
AR AR 3, AR IRRY, AR T
I R (P=0.048) , BeHEMZAF LR GRS
JERT AL , 25 5 I 7R £ 5 S T8 T 0 ARE 2 A S B kA
— S RAF, IR A BRI T I PR SR 4347, 1
Al BT AE SEBRIG R A, ARYELR BRI
(18 XU TP 3ot B3 A7 KU 0 )2, oo XU AL JR 3 1
P95 7F JR A v TR ARG 2 AR 3, X I T A
TRIT RO TG AS R 1) JB AT W5 20 v, St
HATHIRYT TS, N B BlE . DL 2553
BIRUT, AR T 1 25 G B RAE W AT CCRT &
Fig B PES J7 I A R4 7000 6 71 Al PR . H A
(B, ZEJRYT R DX 20 i XU £ B AR XU, £ 3 T v
FIREHR, v LIS I PR = A HEA T B HE 19 R 3 4 2
R TR B B B AR Y A TH AL
PLSEAR L 25 A% 0 B TOAR A5 3 vl LA B S 1
IRERIE= 2 UNTIE

A5 I ST A 524G 2 A AR R RRAE T 2478
HRFE RO T LUK B 21 7 22 RUBE i F e
A BTk — A0 4R UM A3 A B b A T A W RRAE
(AR Tt b 0 000 55 ), LA PR e 3 1 iUl 45
¥ A IR S i, TR S M R TS AR AR
25 XAEARM G S 2] T 50 AE, I8 R AL I 5 R
FA% (Cluster Shade ) FF1IF , iX /& GLCM H i) — 4 45
TIE PR T — b i R R AR AR 0 SR AR
It H R 52 5 A AR A 2= Rk — R, T LA
DAL RFIEE PRI R 8 o A 7 %) T I0 o 1 A0 Ak
AET1, SR HETE A AR, R S B2
SRR IR RS R B L — o 1 O B ), X B OR
GLCM—Cluster Shade E. 47 3 & #1758 T L4 44,
JE K BE f5e 1 AR AL 2R R E 2 —

MG AR, — Ml PRGE R L, AR08 WK
R ARG G SCC-Ag Bt ik BE g 5 1tk o 28 1]

ZSEINGETA ST E L (P<0.05) , (HIERIE
R TG L (P>0.05) 3% A ig 5 I IE4EREA
/b SRR RRE R B I 22 5 5,

AT ISR : OF T B [ B SE  0A
FIREA BN, B A HLA S BOR — 00T RE B 4h
Hefhi 22 | 5 B KA ROIFHE T Z2 U0 I 5 —F
A A, B O B R A v AR RE T, @A T
DCE-MRI #47 T $UFFIRF5E , A HEST 2 )7 51 B 0 F
FIXFE, AR 22 e H AR R A T FU00 B8 7 A %o L,
H AR R TG R . D T sh ) il AL T3
PR 0o L ERAE T REBE AR , DR MR AR 4 2
FRRIZLRE IR 58 F 3l A s A4S & S 5 TR
B2 T4 A ik g s 4 e ) Il 25 SR — Bk DAkt
BRFAE B | 52 M AR O R RE

ZE TR, ARS8 D I & I 5 UuE 2 T DCE-
MRI [958 PRI G988 JR) AR 2 2 B AR i B R AT DA
TR B $50 FR 3 4F PES, fEN AR S 505 , 45
GBI RS , A AR Sy — o 0 TS bR A
FH T IR S i

SEH .

[1] Siegel RL, Miller KD, Wagle NS, et al. Cancer statis-
tics, 2023[J]. CA A Cancer J Clinicians, 2023, 73(1) .
17-48.

[2] Gopu P, Antony F, Cyriac S, et al. Updates on systemic
therapy for cervical cancer[J]. Indian J Med Res, 2021,
154(2) ; 293-302.

[3] Li HD, Zhu MC, Jian L, et al. Radiomic score as a poten-
tial imaging biomarker for predicting survival in patients
with cervical cancer[ J]. Front Oncol, 2021, 11; 706043.
doi ;10.3389/fonc.2021.706043

[4] TRERFN, X7Z3%E. MRI H)EEAR JE B URBORTE B 3

TSI ROR AR TR T] . AR AR, 2024, 15(8) -
1-11.
ZHANG Qinhe, LIU Ailian. Review on the application of
MRI functional and quantitative imaging techniques in the
diagnosis and treatment of cervical cancer [ J]. Chinese
Journal of Magnetic Resonance Imaging, 2024, 15(8):
1-11.

[5] Liu ZY, Wang S, Dong D, et al. The applications of
radiomics in precision diagnosis and treatment of oncolo-
gy : opportunities and challenges[ J]. Theranostics, 2019,
9(5) . 1303-1322. doi;10.7150/thno.30309

[6] Marsilla J, Weiss J, Ye XY, et al. A T2-weighted MRI-
based radiomic signature for disease-free survival in locally

advanced cervical cancer following chemoradiation: an



T, 55 98 N T2 JE] DCE-MRI 1% 2H 7 %8 e 5500 £ 2 J0 ik JR A= 701 A o0 40 i 53

international, multicentre study [ J]. Radiother Oncol,

2024, 199: 110463. doi:10.1016/j.radonc.2024.110463
(7] Z=rh, Emmil, DUTH. BT IRR-RR 41252 B
X A e ) A A 7 I B2 K RITIG HEA R B Ti
TAELT]. PURSEBE:, 2023, 35(11) ; 1433-1437.
JI Zhong, WANG Gaobo, XIANG Wanging. Prognostic
value of clinical-imaging nomogram model in predicting
recurrence and disease-free survival of locally advanced
cervical cancer after concurrent chemoradiotherapy [ J ].
Modern Practical Medicine, 2023, 35(11) ; 1433-1437.
KA, #5227, 5. R ARULF IR I R 2
PR TATI-P 0 S0 O AR AT S RS RE [T ). R BB
REFAAR (FARBERR) | 2024, 44(1) : 52-59.
SONG lJiacheng, JIANG Xiaoting, ZHANG Aining, et al.

Value of optimal MRI radiomics parameters and clinico-

(8

[

pathological factors in predicting disease-free survival of
early-stage cervical cancer patients| J]. Journal of Nanjing
Medical University ( Natural Sciences), 2024, 44 (1):
52-59.

(9] Beple, SUITLL, sKBT e, 4% 56T 8 SUE A FT T2WI 2
QA E RSN T W S RO SE [ T]. AR B i,
2024, 46(3) ; 49-52.

CHEN Wei, ZHU Jianghong, ZHANG Xinlong, et al.

Prediction of short-term prognosis based on preoperative

I

T2WI imaging features of cervical cance[J]. Journal of
Yichun University, 2024, 46(3) ; 49-52.
[10] REE, VN, RS, 5. 120 Bl SO SR ik
i MRI AR “AAE Al R & A b M fE [T ] IR
REAZEMR(BEZERR) |, 2021, 59(11) ; 53-60.
SONG Zhenzhen, SUN Xiaoling, LI Haiou, et al. Value
of MRI radiomics of glioma and peritumoral edema in
evaluating tumor recurrence [ J]. Journal of Shandong
University (Health Sciences) , 2021, 59(11) : 53-60.
JEE, MR, TK3C, 5. BhASXT L DCE-MRI 1E5
St o e Wr b B AN EL [T ]. B I CT Al MRI 2%
i, 2024, 22(10) ; 118-120.
GU Junyu, LIN Jinshi, ZHANG Wen, et al. Dynamic
comparison of DCE-MRI for staging and diagnosis of

[11

[

cervical cancer [ J]. Chinese Journal of CT and MRI,
2024, 22(10) ; 118-120.

[12] falBfts, BRIEA, 4R35, 2. Shasxt o mi iR g

TSRy A B 08 [R) 25 TS A T ORI Al AN (BT ]
SFRRARAIRE, 2021, 44(1) ; 74-77.
HE Chenwei, CHEN Yajun, ZOU lJing, et al. Value of
DCE-MRI in evaluation of concurrent chemoradiotherapy
for locally advanced cervical cancer [ J]. Journal of Mo-
lecular Imaging, 2021, 44(1) . 74-77.

[13] SRUEHE, AT, K, 45 5T DCE-MRI 1R 41% &
PR R S ] AL Ay RO RN EL [T ] A
LT 2B (A ARRIERR) | 2023, 39(2) : 11-17.

[14]

[17]

—
—
\=)

[}

[22]

SU Yaying, SHI Zixin, ZHANG Miao, et al. Value of
quantitative prediction of response to concurrent chemo-
therapy and radiation therapy in advanced cervical squa-
mous cell carcinoma based on DCE-MRI radiomics|[ J ].
Journal of Hebei North University ( Natural Science
Edition) , 2023, 39(2) . 11-17.

Sharma S, Deep A, Sharma AK. Current treatment for
cervical cancer; an update[J]. Anticancer Agents Med
Chem, 2020, 20(15): 1768-1779.

Jestie Jrf, SCNEE, EIR, 45, MRI KGR 75 5 B
P T T I RO US VPG P I T ST R R [T, T2
SE, 2024, 39(5) : 699-703.

MIGEN, SRR, 2= 21, Jo)wl e 301 B S0 Ik 2 45 e 7%
HfER R R IE /Hi[T]. B R R (EER) ,
2024, 60(4) . 607-610.

QU Xiaoli, ZHANG Na, LI Fahong. Risk factors for
lymph node metastasis in locally advanced cervical cancer
and their impact on prognosis[ J]. Journal of Qingdao
University ( Medical Sciences) , 2024, 60(4) : 607-610.
Yip SSF, Aerts HIWL. Applications and limitations of
radiomics[ J]. Phys Med Biol, 2016, 61(13): R150-
R166.

Fli, wPH. 2R MRI AR % SR 27 A TE Ko
TSI [ T]. BEAtIRUS, 2024, 15(7)
165-172.

WANG Ru, GAO Yang. Research progress of multimo-
dal MRI radiomics and deep learning in glioma [ J].
Chinese Journal of Magnetic Resonance Imaging, 2024,
15(7): 165-172.

BRI, WA, B, AF. R TR TR R
BERETTR I RELT]. 2= 50, 2024, 39(8) .
1099-1103.

HU Yifan, PAN Jiaye, GONG Yue, et al. Research pro-
gress of deep learning-based imaging in esophageal
cancer[ J]. Radiologic Practice, 2024, 39(8) : 1099-1103.
Yang XY, Gao CF, Sun N, et al. An interpretable clini-
cal ultrasound-radiomics combined model for diagnosis of
stage I cervical cancer [ J]. Front Oncol, 2024, 14,
1353780. doi:10.3389/fonc.2024.1353780

ME4, R, TA, 5. RN R MR 215412
HR5 i R AL T 00 S50 4 L2 KA (e R I [T . R
[ L2 B ap 2Rk 2024, 41(7) . 851-857.

LIN Baojin, WU Zhaoxia, WANG Shi, et al. Intratu-
moral and peritumoral magnetic resonance imaging
radiomics combined with clinical characteristics to predict
lymphovascular space invasion in cervical cancer [J].
Chinese Journal of Medical Physics, 2024, 41(7) : 851-857.
Kang WD, Qiu X, Luo YG, et al. Application of ra-
diomics-based multiomics combinations in the tumor mi-

croenvironment and cancer prognosis[J]. J Transl Med,



[T N N

v
L

2

i

(B

Vv
AL

FOR) 63 % 6 14

[23]

(24]

[25]

[26]

(27]

(28]

(29]

2023, 21(1): 598. doi;:10.1186/s12967-023-04437-4
Zhang SE, Regan K, Najera J, et al. The peritumor mi-
croenvironment; physics and immunity [ J ]. Trends
Cancer, 2023, 9(8) . 609-623.

Kim Y, Stolarska MA, Othmer HG. The role of the mi-
croenvironment in tumor growth and invasion[ J]. Prog
Biophys Mol Biol, 2011, 106(2) : 353-379.

SR, XTS5, PRARDE, 2. 3T MRI AR AR
HAFAEMR RS R IR [ T]. 3 TR A,
2023, 46(1) . 164-169.

WU Peiqi, LIU Yubao, CHEN Zhiyan, et al. Applica-
tion progress of MRI-based peritumoral radiomics in
tumor research[ J]. Journal of Molecular Imaging, 2023,
46(1) : 164-169.

Mohammadi A, Mirza-Aghazadeh-Attari M, Faeghi F,
et al. Tumor microenvironment, radiology, and artificial
intelligence : should we consider tumor periphery? [J].
J Ultrasound Med, 2022, 41(12) : 3079-3090.

Sun XJ, Pang PP, Lou L, et al. Radiomic prediction
models for the level of Ki-67 and p53 in glioma[J]. J
Int Med Res, 2020, 48(5) : 300060520914466. doi: 10.
1177/0300060520914466

Xiao ML, Fu L, Wei Y, et al. Intratumoral and peritu-
moral MRI radiomics nomogram for predicting parame-
trial invasion in patients with early-stage cervical adeno-
carcinoma and adenosquamous carcinoma[ J]. Eur Radi-
ol, 2024, 34(2) . 852-862.

H, DEx, R, % T MRUENKE R
JARAR A 2= T AE ZLIE Ki-67 IR MAFFE[T]. I
PRIBUR 2258, 2024, 43(8) : 1317-1324.

HUANG lJing, MA Yanyun, WU lJing, et al. Assess-

ment of ki-67 expression status in breast cancer based on

[30]

[31]

MRI intratumoral combined with optimal peritumoral
radiomics[ J]. Journal of Clinical Radiology, 2024, 43
(8): 1317-1324.

wE, BEH, BRI, 5F HFRRA T2WI 3 N
JASAR A E VL AR 1 B WA LA 5 350 1
WFE[T]. BEALRAUSR , 2024, 15(8) ; 46-51.

XU Qing, PENG Xueyan, GUO Changyi, et al. Intra-
and peritumoral sagittal T2WI radiomics nomogram for
preoperative prediction of patients with stage I B and
stage Il A cervical cancer [J]. Chinese Journal of Mag-
netic Resonance Imaging, 2024, 15(8): 46-51.

W, EiEWl, R, & T CT AR F Ry
PEE SR ELT]. ZBIEEZY, 2021, 25(7): 1401-
1406.

JIANG Xu, CAO Haiming, WU Yu, et al. Value of the
prediction of infectious kidney stones based on CT ra-
diomics[ J]. Anhui Medical and Pharmaceutical Journal,
2021, 25(7) : 1401-1406.

A, XU, BN, A5 N ET S G ER S kot A
LS AR ERAE . Z DTS TERTSE[T]. PR
AR, 2019, 10(1) ; 53-58.

HE Jianfeng, LIU Lei, LYU Jinhao, et al. Radiomic
features of atherosclerotic plaques in the anterior and pos-
terior intracranial circulation:
study[ J]. Medical Journal of Peking Union Medical Col-
lege Hospital, 2019, 10(1) . 53-58.

Yip SSF, Liu Y, Parmar C, et al. Associations between

multicenter prospective

radiologist-defined semantic and automatically computed
radiomic features in non-small cell lung cancer[J]. Sci
Rep, 2017, 7 (1): 3519. doi: 10. 1038/S41598-017-
02425-5

(%% A89%)



