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[Abstract] Objective:To explore the value of radiomic features of pre-contrast phase, arterial phase and venous phase in predicting preoperatively
cervical lymph node metastasis (CLNM) in patients with papillary thyroid carcinoma (PTC) in multi-phase images of contrast-enhanced CT scan.
Methods-CT images of 197 PTC patients who underwent thyroid surgery in Tinglin Hospital of Jinshan District of Shanghai from January 2017 to June
2020 were collected. 512 frames that meet the research requirement, consisting of 193 pre-contrast phases, 131 arterial phases and 188 venous phases, were
selected from the 3 phases of CT images 197 patients, and the CT images showing the largest length to diameter of PTC lesion were chosen for the
radiomic study in each one of the 512 frames. The optimal parameters of RandomForestClassifier were selected with all the 512 frames of CT images and
random forest (RF) classification model for the prediction of CLNM was established based on CT images with all the 3 phases of 124 patients who had
concurrent CT images of pre-contrast phase, arterial phase and venous phase. The predictive performance of the models was estimated by area under the
curve (AUC) of receiver operator characteristic curve (ROC curve) analysis. Results: The RF classification models showed that the maximal average AUC
of ROCs of pre-contrast phase, arterial phase and venous phase were 0.843, 0.775 and 0.783, and the corresponding predictive accuracy were 0.767, 0.695
and 0.726, respectively. Compared with the arterial phase and venous phase, the radiomic features extracted from pre-contrast phase of CT images show
better performance to predict CLNM (both P=0.000). Conclusion-Radiomic features extracted from pre-contrast phase, arterial phase and venous phase
of CT images can all feasibly be used to predict CLNM in patients with PTC, and radiomic features from pre-contrast phase of CT images show better
performance.
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BrightSpeed 16 i€ CTHL (GE, ) b5, 4
IF A8 R AR, S0 BN, WESE MR,
TG R B L2 . HSEC BHEE 120 kV,
B2 & H . MR 0.938, JHFE S12x512, H A )2 R
Smm, JZEEES mm. FEHFTEE, HRETHKN S
WA, o SN TE T X RS (14 25 s 5 50 s H . Xt
Fb 570 Ay LA TR R (35 /100 mL, 4% FIL25\V 4 A1 A
BROS WD), 2w F S 0 IR AR Bk ATV L 575 1.5 mL/kg,
TSR3 mLs. ML ARG, A BRI #4T 1.0 mm
WERE A, HAME 1.0 mm, AR MEE Sk
(standard deviation, STD) #FfT.

1.3 R4ald oy

1.3 ERALE fy 144 AR B Sk S0 MR A2 IR R O
(WL 1) %1197 Bl PTC &5 19 3 ] CT BB #4742,
IR AFAE DR T ILR IR, Bkt 512 Wt CT KM% (193
WP, 130k, 188 K], HAT 428 3 4
CT FIG I B 1241, CT R RS B8 72.6%
BEHC 512 W CT KR R PTC A fe KA A 1 J2 18 FH T
AR50 . LSS | LS — 24 AR B Sk B e
BB (g 2) Sk B iz 124 61835 19 372 T CT 4]
%, WMEEPTCILIE . K/, B Wb . HE
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NEABIER)

1.3.2 FMRARHC WA LSRR 512 W1 CT E562 ]
ITK-SNAP %k 4 (www. itksnap. org) &l i Ji 24 ik [X.
(region of interest, ROI) JFrHI#EH (K 1), B EH
ROIJS 5t 78 5 BRI IA, 3l 0 Jo] Bl A o HOIR IR 4 2L Bl
A s AR 7 BRI R KK AR . O TRl ROT
PEIZE T A, FERIESS R 2 S, BELEEEE 20 i
Pl e ok 1 CT IR, M2 A0SR PRk B e . PR 52
& LTI 2 U P ) ROT K 2 457 W5 4 43 31l el ik frY) ROT S
mEA M, VMR E S AN AHOC R EL (intra-class
correlation coefficient, ICC),

1.3.3 HFAF$EHC  fd H Python 7 JF IR AY Pyradiomics #f4:
ALXF 512007 CT EIZ 70 FI Ak ROT (CT %dls ) BEATHE
fiE 42 B . 4> ROT 42 ML 107 /4> 52 18 41 2= R iE .
Pyradiomics R0 [ g4 1 Y, S —HrRRIE . 5
TICRAFRAER Z R iE . — B ARE S 3 T — R R 5l
RFRIRAE s BT IR A RRIE F2 22 R e 1) R/ NFIT IR
AR R ID KA ZHRHIE RSO IE, FR S
WKESLAE SRS (gray level co-occurrence matrix, GLCM) .
R JE Wi B4 (gray level run length matrix, GLRLM) .

Vol.41 No.9 Sept. 2021



TR,

CT QA 2 HE AT 00 ML SR Bk LR o s | 1235

Note:A. Lesion on the right lobe. B. Segmentation of ROI. C. 2D segmentation of the lesion with maximum length to diameter.

E1 PTCHIROIBERE

Figl Demonstration of segmentation to ROI of PTC

IKPER/NK I (gray level size zone matrix, GLSZM)
WK EE R JCHEFE  (gray level dependence matrix, GLDM) ,
DA K AR K JE 8 25 45 % (neighboring gray tone difference
matrix, NGTDM) %%,

1.3.4  FFAEIERE sk GBI AY ) ok 400G DL R MR P XA AR
RIAYEEM, K FH Python H SelectKBest - 5 A A4 X} 2 HL
9 107 MR AR IE AT RIEE$E . DU CLNM
HI R E AR AL FAFIE o SelectKBest 115 107 MMRHAE H %
I AR KANRAE, R4 T 40 AR 1) 32 108 VR R R
i £k (receiver operator characteristic curve, ROC curve)
H e T 1AL (area under the curve, AUC) ATEMARfE,
i AUC XJ B kN RAEZH SRR top (k) o

1.35 7 KM S Bk £ ] Python 1 JF I #Y
GridSearchCV #( 1, B AU 547, XF 512 W&
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P47 JC CLNM,  FHER B 107 A58 18 4 “F R A g 43 A48
7 RandomForestClassifier H1 JLA~ 8 2 2 J ik £ e 1 S 4
o S8 HIUE G Bl 3 B 4'max_depth':(10,20---100) ,
'max_features': ("sqrt’ or "auto") ,'min_samples leaf :(1,2--
10) , 'n_estimators': (10, 20---100) . Z5 B & B S 8 N
{'max_depth':60,'max_features':'sqrt','min_samples_leaf "8,
'n_estimators': 20} i, AR B AE A B AUC Feir, >
0.683 . IX 48 2 Jr ke AH N A HUME ) T ) 22 70 2R BT Y
e

1.3.6 BRI E X124 6] PTC /B35 /T4 . shiikib
FE KA ) CT B0 0 BRI ZR4E - MiK4E=9 - 1 FlHLK
g3, 8 fe A 4y 25 B AL 2 8 {'max_depth': 60, 'max_
features': 'sqrt', 'min_samples_leaf ": 8, 'n_estimators': 20| FI
SelectKBest 51k 31519 top (k) , HRHEIIARM 454 T
B 3 BEHLAR MR (random forest, RF) 4rZSkifl,
FFHEAT 10 975 B IE, FRECEE] 107 YA 10 47 ROC
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®1 PTCREREMERRIGKFFE(N=124)

Item

Age/year
Age group/n(%)
=50
<50
Gender/n(%)
Male
Female
Shape/n(%)
Irregular

Regular

Length to diameter/n(%)

<1.0
>1.0

Location/n(%)

Tabl Baseline and clinical information of PTC patients(N=124)
CLNM group ~ Non-CLNM CLNM group ~ Non-CLNM
(n=55) group (n=69) ARLS | SED ftem (n=55) group (n=69) fvalue
52.8+12.8 48.3%13.5 0.139 0.063 Isthmus 3(5.5) 0(0)
4.051 0.044 Right lobe 22 (40.0) 38 (55.1)
37 (67.3) 34 (49.3) Calcification/n(%) 0.116
18 (32.7) 35(50.7) Negative 28 (50.9) 33 (47.8)
0.304 0.581 Positive 27 (49.1) 36 (52.2)
12 (21.8) 18 (26.1) Boundary/n(%) 1.125
43 (78.2) 51 (73.9) Distinct 12 (21.8) 10 (14.5)
1.360 0.713 Indistinct 43 (78.2) 59 (85.5)
43 (78.2) 52 (75.4) Capsule invasion/n(%) 5.731
12 (21.8) 17 (24.6) Negative 4(7.3) 16 (23.2)
2.285 0.131 Positive 51(92.7) 53 (76.8)
26 (47.3) 42 (60.9) ETE/n(%) 8.801
29 (52.7) 27 (39.1) Negative 27 (49.1) 51(73.9)
5776 0.056 Positive 28 (50.9) 18 (26.1)
30 (54.5) 31(44.9)

Left lobe

Note: ETE—Extrathyroidal extension. (T’Density difference between tumor region and thyroid tissue before and after contrast agent injection.

KB ARAZ B 107 D AUC, 31 30 18 45 45 AiE i i)
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0.2
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P value

0.733

0.289

0.025

0.004

1 (P=0.000), T3 k3 S5 k30 0] 22 S5 B G ih ¢ =

. o —L 13, - N
CLNM 3R 75%#9 AUC B & T8l ikl (P=0.000) Sk 3 (K3).
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10-fold ROC curve of the maximum AUC in RF classification models of the pre-contrast phase (A), arterial phase (B) and venous phase (C) of patients with PTC
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Tab 2 Results of 10-fold cross-validation of RF classification model in pre-contrast phase, arterial phase and venous phase of patients with PTC

Pre-contrast phase [ top(k)=56 |

Iteration Training set Validation set
Accuracy
1 111 13 0.846
2 111 13 0.846
3 111 13 0.538
4 111 13 0.769
5 111 13 0.917
6 111 13 0.583
7 111 13 0.833
8 111 13 0.750
9 111 13 0.833
10 111 13 0.750
Average AUC - - 0.767

2.3 BRALERIE S BT

TE 124 (5 5T 4380 . Sk A BRI 3 014 Y 52
QLA 2 FAE T, TN 1 B8 B A O HT 10 2 RFIE LR 3, &
B f5 B 04 R AR 2 50O SC BRER AR, 4 00 JE T GLCM,
GLRLM. GLSZM. GLDM, NGTDM %,

2.4 PBRIES B

HF )T (logistics regression, LR) ki3
BAER R fER R R (AE#=50 %, HURIR S FHRAL A1 H
RARELBHZAL) HST AR ROC 2R, 255 /R AUC K
0.629, 1MV A RAE LRECAL AUC 1 0.718 (P=
0.011, E4A); BXE FHWIRBRA SRR . ARMES X
G R 2 (250 4 ) H A 465 70 EL A ) 4 1) o i
(P=0.009, E14B).

Arterial phase [top(k)=94] Venous phase [ top(k)=47]

AUC Accuracy AUC Accuracy AUC
0.810 0.615 0.690 0.846 0.857
0.833 0.692 0.800 0.692 0.817
0.762 0.615 0.476 0.615 0.595
0.925 0.692 0.800 0.692 0.950
0.972 0.750 0.861 1.000 1.000
0.812 0.583 0.969 0.500 0.469
0.815 0.833 0.889 0.750 0.852
0.829 0.667 0.714 0.750 0.771
0914 0.750 0.771 0.667 0.743
0.704 0.750 0.778 0.750 0.778
0.843 0.695 0.775 0.726 0.783

1.0

0.8 | ;x%;%‘&;xé;\\/ ;: ;;D\ch ;

0.6 |

2
0.4
—— Aterial phase
02} ~—— Venous phase
—— Precontrast phase

0 20 40 60 80 100
Num of features

Note: The P value by t-test for two independent samples: pre-contrast phase and
arterial phase (P=0.000), pre-contrast phase and venous phase (P=0.000), arterial
phase and venous phase (P =0.782).

B3 3/4MHA1EH 1074 RF 5 E4&2 1047 ROC B &K F 3 AUC ELER

Fig 3  Comparison of the average AUC of 10-fold ROC curves of 107 RF

classification models in three phases

®3 PTCHEE TR FAKAMEKE RF 2 282 R H MR R 8T 10 DR RAFHFHE (N=124)

Tab 3 Top 10 radiomic features in RF classification model of pre-contrast, arterial and venous phase of PTC patients(N=124)

Order Pre-contrast phase
1 Original glem_DifferenceAverage
2 Original_firstorder_Variance
3 Original_glrlm_RunPercentage

4 Original glszm_GrayLevelNonUniformityNormalized
5 Original_glem SumSquares

6 Original_glem_JointEntropy

7 Original_glem_SumAverage

8 Original_glem_Contrast

9 Original_ngtdm_Strength

10 Original_gldm DependenceNonUniformityNormalized

http://xuebao.shsmu.edu.cn

Arterial phase
Original_glem_DifferenceVariance
Original_glem_ClusterProminence
Original_glcm_Contrast
Original_firstorder Kurtosis
Original_glem_ClusterShade
Original_shape Maximum3DDiameter
Original_glrlm_GrayLevelVariance
Original_gldm_DependenceVariance
Original_glem_SumSquares

Original_glem_DifferenceEntropy

Venous phase
Original_glem_DifferenceVariance
Original_glem_Contrast
Original_glrlm_ShortRunEmphasis
Original glszm SmallAreaLowGrayLevelEmphasis
Original_glem_ClusterProminence
Original_glrlm_RunVariance
Original_firstorder_Skewness
Original glem MaximumProbability
Original_glem_DifferenceAverage

Original_glem_ClusterShade
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B

1.0 '

0.8
2 L
z 00
A 041

0.2 —— Associative features

——Imaging signs
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Note: A. Comparison of imaging omics and imaging signs (P=0.011). B. Comparison of associative features and imaging signs (P=0.009).

4 PTCEREMHGERHIE . KESFHES BB RNV BNMNE LB E ROC H 2k

Fig4 ROC curve for comparison of predictive value of imaging omics, associative features and imaging signs of PTC patients

3 idie

i K X F PTC B3 ANEHAYTY , & A 404 7 191 B
PSS I L 45T — BARAE G U S A E H
BRI TIRIT A, W T ARG R G K 2845
PN . FETAERIZWEA T US, CT. MRIARHTH
A CLNM A RUBE A 5, JOTA T 2 I IR - R ATiA T ok
MHE ., 2T Y R, T PTC IR A LML 4
ZEFEAE T LA CLNM .

WF5E PTC 1 CT SR “# R X T CLNM F il 41 {1
SCHRARZ . Luf§ 7 I SCRem i ALRA 9T T 221 61 PTC
SR CT R KU 0 SR 4 4 R AE X F- CLNM Y
O, BUS TR (AUC=0.759) . AHF5EHET RF
LW T PTC W CT R 2 S, KIFHW . ik
SRR T P50 5 AR A 2 R AR T LA TN CLNM ;- i
— R, ISR AL AR AE 9 TI00 1 BE B AR
T Bk Ak

a4 S o S PR (Y T AR, R M R
K | RZBRE S . RS H M RO LA K TS T
988 S S AR S oL B — 1 D7 IR AT R A, AT a5
QA2 S BT AT AR ST 2 MRS BTl 1o 5
et B2 PR IR TG VR R 0 19 52 I R 3 A7 X R A8 A A
(0 SCHRFAE , 2 W3 PNV 7 100 S b Y SCHIARRAE fi
WS PP IR B S 2 R e 45 R Y PTC IE Y
5y KAz CLNM J2 i I8 14 43— ) S Jo P sl it 4 5 Joi e 2
SEN, X0 5 M H e T R N I K A3 A AR, 3
AR T R SR Ao BRI 8 A A B T PR 7 I 3h
SEOT 25 5, X4 2 AT BE 2 5 i R 11 43 1l H At
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AT AN R AR AMR AL S AN, (H [R] Bt B s T b
Jei N DRAT (1 S0 BR Ay A, E T 5 T AR L S CLNM 1)
fie s,

T GRIEBE B AT b, ZERIR A e R T
A4 3 A 124 07 5 B CT UG . (B 7E e R 4 Y A A
SR, RIS, FRATR A& 197 6l B3
[ 512 WM CT $icdis o 1 28 USRI PP AR AR AL 12 £k
il e G DR B PR A N R A R AR Y Le ], K
Y128 S UEVE AT LA 06 B2 v 0 JIr A REAS A7 000
T 3k V- 2 B PPA i s R R ARG 7 S 1) 1 R B R X B )
77 SO WU 25 SR B e . BEgT Y R, KAE A B
RS A — E AR, KA MR, PP A vt 1
W MY K SEC10 8, PEASZE AR AT R Ae kR
gihveneit . UL, ASHEIEAE BB S AR AT ST
KT SP3BT, 7EAEE RF S B RIEER T T 10
Prac L UED:

AR AL T AR A 2A AR 5 B2 32 A2 B 1) s 4%
TEZ WA, 4550 SR PR W AR LA R IR T3
BAEZ A R RBERL ;G PFIH R AL FRE . S ARAE
FUKIGKRE R (250 ) 4 @018 A1 B A 014 i 10
FEDA

ARHFFE R R BRPETEF . DA TR ) ROT i X 3
ANAL RS S AP AR 22 . QFEA R, AlaEs R A
Bt A 2 QLIRS R BT A FEASR A R —tK,
B SN B UE, B LB 155 . @PTC R RS
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