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Abstract: For patients with cervical squamous cell carcinoma (SCC) of stage [1B~IVVA, complete or incomplete remission may occur in
the tumor area after radiotherapy and chemotherapy. According to clinical experience, if the tumor area cannot be completely relieved
after receiving chemoradiotherapy, the patient’s survival rate is very low, and other treatments such as surgery or oral targeted drug

« FEEIH: E K E SR TRI(2017YFB1002300, 2017YFB1002301, 2017YFB1002303)
Foundation item: National Key Research and Development Program of China (2017YFB1002300, 2017YFB1002301, 2017YFB1002303)
WK IN 1) : 2019-10-15; & 2 N 6] : 2020-02-08, 2020-04-28; % H I [f]: 2020-05-12



R ST ARG T Z0 G AL ST 57 2T 3961

therapy are difficult to be effective. Therefore, it is necessary to screen patients who are not sensitive to radiotherapy and chemotherapy
before treatment and then to explore personalized treatment plans. In view of the above problems, this paper regards the prediction of the
efficacy of radiotherapy and chemotherapy as the image classification problem, and proposes a model to predict the efficacy of
radiotherapy and chemotherapy for SCC based on random forests algorithm, and screens out patients who are not sensitive to radiotherapy
and chemotherapy. First, the 3D SCC MRI (magnetic resonance imaging) is preprocessed by wavelet transform and Gaussian Laplacian;
Second, U-net is used to segment the tumor area in MR images; Then, combined with 3D SCC MRI and corresponding tumor
segmentation results, the texture and shape features of lesions are extracted and the extracted features are screened to train random forests.
The experimental data set consisted of pre-treatment MR image slices of 85 patients with SCC stage 1IB~IVA. The experimental results
shows that the prediction model based on random forests predicts the efficacy of radiotherapy and chemotherapy for SCC with an AUC
value of 0.921, which is better than the most advanced prediction method.

Key words: cervical squamous cell carcinoma; prediction of the efficacy of chemoradiotherapy; random forests; U-net; tumor feature
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Fig.1 Complete and incomplete remission of the tumor area after radiotherapy and chemotherapy of SCC
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Fig.2 Prediction model of radiotherapy and chemotherapy for SCC based on random forests
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Fig.3 Process of MR image preprocessing
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Fig.4 MR image segmentation network model
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Table 2 Function of T2-weighted sequences
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Fig.5 SCC MR images with manual labeling
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(1) IR PR R LR I 2 B 5 R S S B8 B SR T TR-slim(https://github.com/tensorflow/models/tree/
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(2) T Sl VI 2R 4 o A BR, JC v 78 20 U1 2k L IR R R I 4% AR SCR 0 7 38 (Tensorflow  HE4L) 3
WK 58 A DZ MR 2H 5 AN 56 A G2 AR 2B U R 530 b 1R AR R B 0l HEAT 7K1 O 1) TR R 2 5 e e (P FE O 4,
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(3) IR L% AU 2 2 % 1e—4,1 000 $EiEAR 5 2 > REE Hy 1e-5,3L V145 2 000 48, 2598 % K 5)
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A 3SR PRI T Ubuntu 18.04 #:4E R 45 1) Tensorflow HEZE, it & NVIDIA &k &R & 2% 3] P&, 40 i2 IDE
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ST TR T S A S T S (8 A AR S A 58 A S8 fiR), T ROC(receiver operating
characteristic) il £& 7& — 7328 [l @ b B8 A3 0l e Bt 4 S5 PR BB 6 ROC Ml 4k 1 #3431 AR SR 1145 21 AUC(area
under curve), AUC 2 J4| Wi 5% 214 43 28 1 Bt T ZE AR v, A SCRI T AUC J BIEAS [R]JB0AR ST 97 28 TR0 B8 1k 2.
4.2 MEXESEEEMTLE
4.2.1  AN[EIE K BRSO EE

AT U-net 20 E1 2 250 MR B8 A 8 DX 38 0 0 2% I 50 R, 29 S0 A8 S0 (cross entropy )40t 2% 66 %5
Dice 3 2% bR $ LA & Softmax 5 25 B BV S 360 % 028 3 AP 6 40 i 51 1 3 R ] i 42 2K BR B0 2545 B U-net
AR 43 o 8 DX Sk 1 R R 4 SR

Table 3 Segmentation accuracy of U-net on test set with different loss functions

F 3 HET AR R U-net BEALTENNASE By BIHERM %

EENEE Dice X H 4L PPV Sensitivity
Cross entropy 0.638 0.762 0.575
Dice 0.749 0.726 0.801
Softmax 0.763 0.771 0.815
(a) (b) (©) (d)
(2) TR PR 20 0 DX A A 25 Xk (b) 3T A8 SURG 5 K% B HUI) 3 ) 45 R

(c) #&T Dice REBUK BB 72 HILE R (d) H T Softmax 3 5k B ¥ 73 #1145 R
Fig.6 Segmentation results of U-net on test set based on different loss functions
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B 53 L 422 BUR 4% (FCN) LA & DeepMedic+CFRUSRIIYEAT 52 56 b 45 45280 43 S 8 X 38R £ T 34 43 s
W 452 R E 7 Pk,
Table 4 Segmentation accuracy of different algorithms on test set
F 4 ARG BIEEEMRE For BIUE 2R

P L RFR Dice K R PPV Sensitivity
AT BMH 0.168 0.182 0.217
U-net 0.722 0.714 0.759
FCN 0.755 0.739 0.776
DeepMedic+CRF 0.779 0.773 0.795
U-net+Resblock 0.783 0.771 0.801

(@ (b) © (d) (®) U]

() RGO FREXIE  (b) F TR #4H  (c) U-net 7rE145 K

(d) FCN 43 #1453t (e) DeepMedic+CRF 43 %45 (f) U-net+Resblock 43 %45

Fig.7 Segmentation results obtained by different algorithms on test set
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Rl 30 FL Ay 255 1 b 3 X3, T DA 2 K P 4 FCN A28 B AR A0 43 1 B3R T 7 R SUET R B3 2 0 %
AR RSB FE MR HAE NGB BU& A AT 78 70 M ) 25, 3 3000 B HE A R A% T A 3C 77 7). DeepMedic+CRF
FREFRALE 3 30 0 Jh g B IAS T AN 10 et AR A AR SE 3 v 23 B ME A 41K T U-Net+Resblock. 1] 58 8 2k & 2598 £
i /b, T B 25 BT AE I ZR B B A 18 2 B AL AL AT 43 23 S0 R HE A 421K
4.3 BhiE X IEHFE i ik

AR SR U-net #5528 4330 i Jeq DX 3 f5 5o Jir e DX 3 X 6 P 97 ANERAE, 6048 SU 3 I AR SRR AIE. B S S
BB 1 785 MR B JL 5L 173 145 ANRFAE.AH S XK ARFAE A7 5 5T RSN B TUARRFAE, 8L e, A SCRJ I XX
I6) 55 AIE 4 2R R AR Y 2 0 R AR R AT 07 22k, 9k 45 R L3 6.

Table 5 Types of tumor area features and number before and after screening
F 5 IR DR AT A 28 S 0GR T S

FRIEAN R A8 i AE B i L J5 AR
First Order Features 33915 29 775
Shape(3D) 30 345 21586
GLCM 42 840 42 175
GLSZM 28 560 25243
GLRLM 28 560 26 417
NGTDM 8925 8876

ISN78 173 145 154 072
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Fig.8 Prediction results on training set based on the number of different decision trees
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Fig.9 Prediction results on training set based on different maximum feature quantity
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Fig.10 Prediction results obtained by different classification algorithms on training set
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Fig.11 Prediction results obtained by different classification algorithms on test set
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Table A.1 Type and quantity of features
F AL FREFRE NS

FEAEFD R 44 B AL RHIE A S
(1) Energy: i & 4 A AH KN
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(17) Flatness: J& 2 8 D¢ IR Hh B K 55/ 3 R A) 2 18] 56 &
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Table A.1 Type and quantity of features (Continued 1)
AL CRPAEFP SN R (2 1)

3975

AL S 4 95

B AE

FRAE B

GLCM

(1) Autocorrelation: £z F 48 B FURLRS F (1) B
(2) Joint Average:f& 3 i 43 A1i ¥ 35 K FE 5k 2
(3) Cluster Prominence:GLCM ) ffi J5 FIAS X F5 1 1) 2 )3
(4) Cluster Shade:GLCM [f) i J3& F11 3451 28 ¥ 2L &
(5) Cluster Tendency: X L AL A J5 48 1) 44 3 HEAT 43 201 1) — i 3 o
(6) Contrast: Jaj & 5 8 25 1k, () 5t
(7) Correlation:GLCM K e X He & H 1 3 1) e M OB
(8) Difference Average: AL 5 5 AE B IS5 AN [ 5 82 AR Feoxd H L2 (1] 1) 5% 3R
(9) Difference Entropy: 40385 5 {1 2 57 Bl AL/ ] A5 4 1) B
(10) Difference Variance: 5 it Pf (1) — Fj Ji& &
(11) Joint Energy: ¥ f5 i 35 4) G 1 4
(12) Joint Entropy: 4B sk 5 % i 1) B AL A%/ PT 728 1 1) 2t
(13) Informational Measure of Correlation (IMC) 1:
A3 B AF U2 106,y ) BEAR 0 R AOMESR 20 A 2 18] AR S5 1k
(14) Informational Measure of Correlation (IMC) 2:
VA T § AR 43 A7 2 B AR OGP
(15) Inverse Difference Moment (IDM): [ {5 = # ] J53 11k 119 )3 4t
(16) Maximal Correlation Coefficient (MCC): 3l 80 L 5 4% &
(17) Inverse Difference Moment Normalized (IDMN): 45 B 45 Ja3 38 ) Ji 1
(18) Inverse Difference (ID): 53— & J&) s [ 5t
(19) Inverse Difference Normalized (IDN): 55 — il 2 J=5 36 [/ 5
(20) Inverse Variance:i¥i /5 %
(21) Maximum Probability: 418 i & 5 e 5 52 (1 — 5 H DL A A o
(22) Sum Average: S I% 55 3 AE 0T (K H LA 5 4 v o B (0T 107 HH BRI o4 22 T 0 O R
(23) Sum Entropy: 4845 5 5 {8 72 17 A
(24) Sum of Squares:~F34) i & 7K V- 43 i 55 £ AH 48 5 B A
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GLSzZM

(1) Small Area Emphasis (SAE): /)N U J X 3843 i (1) )3 F
(2) Large Area Emphasis (LAE): ki B X 45 40 A1 6 J B
(3) Gray Level Non-Uniformity (GLN): B 4% H Jk 5 5 B {1 i A5 1k
(4) Gray Level Non-Uniformity Normalized (GLNN):
Pl 45 ob i BE S BEABL IR A8 46, GLN 2 X Y Ak
(5) Size-Zone Non-Uniformity (SZN): &5 H ok /s b 3 44 AR i) 7 28 1k
(6) Size-Zone Non-Uniformity Normalized (SZNN):
P 5 /N RIBARFR K T A8, SZN 2 2 I RETEAL
(7) Zone Percentage (ZP):3KHX ROI H {1 DX 3840 55 4 22 40 2 Lb Rl fe: S0 B f HEL RS J&2
(8) Gray Level Variance (GLV):[X 8 [ & 51 £ 2% {k,
(9) Zone Variance (ZV): X 38 K /M z 4L,
(10) Zone Entropy (ZE):[X 3 K /NFIAK 5 43 A o AN o PR/ BE AL
(11) Low Gray Level Zone Emphasis (LGLZE): %5 ik 7k FE X 42k fr) 43 Aii
(12) High Gray Level Zone Emphasis (HGLZE):% i K J¥ [X 45 1 43 #ii
(13) Small Area Low Gray Level Emphasis (SALGLE):
JE A AR A 5 3 /N RS XM I 5 43 A 7 B LR 1 o LG
(14) Small Area High Gray Level Emphasis (SAHGLE):
JEE K AR i 55 80/ RS DR I 5 70 A 2 B AR TR 1) o L
(15) Large Area Low Gray Level Emphasis (LALGLE):
K LA BRSO RS DXy 356 25 43 A 7 P8 1 o B
(16) Large Area High Gray Level Emphasis (LAHGLE):
JEE K BEAR B0 55 BOR ST DR I 5 20 A 2 R T i) o
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Table A.1  Type and quantity of features (Continued 2)
FAL IR SRR (2 2)

FRAIE Tl 2 4 7 B AE

A i

(1) Short Run Emphasis (SRE): i ii# 2 4> 1

(2) Long Run Emphasis (LRE): K37 # 3 4ii

(3) Gray Level Non-Uniformity (GLN): 1% w2 5 5 5 {8 (1) HIABLEE

(4) Gray Level Non-Uniformity Normalized (GLNN):GLN 24 x{ [y B i £k

(5) Run Length Non-Uniformity (RLNY: % = 3 F 1K B AR Bk

(6) Run Length Non-Uniformity Normalized (RLNN):RLN 20 [\ # 35 1k

(7) Run Percentage (RP): 3 HUE M M X dufg v i A5 40015 4 3 B0 LUk I S0 (10 AFL RS 82
(8) Gray Level Variance (GLV): & #3742 4 Ak i 58 & A5 4k

(9) Run Variance (RV): 2 s i 5 1R il FE A8 fb

(10) Run Entropy (RE): i F2 1 B R B %5 2 o3 A1 [0 N o2 T /BB AL

(11) Low Gray Level Run Emphasis (LGLRE): J& & {f% K J& 15 1) 43 A

(12) High Gray Level Run Emphasis (HGLRE): & 5 i 2% 5 18 1) 43 Afi

(13) Short Run Low Gray Level Emphasis (SRLGLE): 4 18 & Ji& {H 15 ¢ J i 72 (R 16 & 43 A
(14) Short Run High Gray Level Emphasis (SRHGLE): %5 i 4 J& {5 55 % 4 i R 1 1 45 20 A7
(15) Long Run Low Gray Level Emphasis (LRLGLE): 8 2K S8 {8 55 ¢ K U F2 10 165 40 A
(16) Long Run High Gray Level Emphasis (LRHGLE): % i ¢ J¥ {8 5 5 K 3 B2 (1 106 & o0 A

GLRLM
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(1) Coarseness: Ji i 1100 A 32 55 JL BT X 32 [R] ~F- 35 22
(2) Contrast: Ji & 2% [7] 5 i A% {k

NGTDM (3) Busyness: J¥ 5 —ME Z B 485 H A b

(4) Complexity: & 5 & 44 Hh 40, 5 Js 4R e 43

(5) Strength: & 5 45 B o

W AR AR HEHUA 5 H] M https://pyradiomics.readthedocs.io/en/latest/features.html 3 HX

XBRE A (1993 —), U3 A -t T BRI 5T A0
N LA B, v SN B2 17

K DL(1986—), 55, 1 I, vy 4 LR U, 32
WEFLATR R N A RE MR R, 9 46 2 4
PR JEHAR B RGEHAR, Z 5

X E(1979—), T, Al EAL B, I LR
A P28 K S SRS T

X = #1963 —), 5, AL BE W, 3 BT
S I RHE WS ISR BOR 5 51512

AER(1982—), ), W ZU TR, 2 2R 5T
AU R 2 PR AL B

F 5K (1993—), B fifi-1:,CCF 244 i,
T HHFFAIR R AL A L.

FokE(1962—), 5, 1 4 WF T A 1k
S, F BRSO A T A B, HE 4
M B B 3, 2 vk B SR R R Ak
A W A7 18, 750 7T 45 9 488 H R, R G4 B,
SZIN ZR G e S 0 4% O A A AR
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