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Abstract

Objective: To evaluate the value of CT radiomics models in differentiating hypermetabolism from
normal metabolism in spleen. Methods: The CT data of 274 cases of normal metabolism group and
93 cases of high metabolism group were retrospectively analyzed. All the samples were divided
into training set and test set according to the ratio of 8:2, the texture features of the spleen were
extracted, and the feature parameters with significant differences between the two groups were
obtained. The 5-fold cross-validation method was used, and the prediction model was established
by Logistic Regression (LR), stochastic gradient descent (SGD) and linear discriminant analysis
(LDA) machine learning methods. The training set data were evaluated, and then the test set data
were validated. The corresponding ROC curve was drawn, and the area under the curve (AUC) was
used to evaluate the differential diagnostic performance of the model. Results: A total of 1247
texture features were extracted from spleen, 336 of which were significantly different between
groups. To establish a prediction model, evaluate and verify it, the ROC curves of the three ma-
chine learning methods were obtained respectively. The AUC of the prediction model established
by SGD method in the training set and test set was 0.8782 and 0.8287, respectively, with the high-
est accuracy. Conclusion: CT radiomics models can effectively distinguish hypermetabolism from
normal metabolism in spleen.
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2. AMERE
2.1 —RRFER

B 2020 4F 1 A ~2021 4F 12 H iz 16 BEAAT RS R CT R i o Bkt Hrp i — estr)
MG TRL, —BEURIRIEFER . M), s, REREOVE SR CT BEETHEER. AR5
MR A — A AT PETICT K& (10 84, JFARYE PET/CT 45 40K 4. %0 7e, Bl 218 B2
w~OHtHE, JFHAANRB BB NG RE .

IWNFRME: 1) PET/CT 452, B LMK BER R 2) BRI MIET AR HEBRbrdE: 1) CT 49
MBI NG, RTINS 2) IRARBURIANEE : 3) T Hh IR A2 [X S e s o

22. ARIE

HRAE PET/CT 45 BT fie K bR U (SUV B max) 5 1E F T4 2 i RbnvEE B BB (SUV BT max) ) e
fH(SUVR), K20 N IEH AR (SUVrr < 1) AR T (SUVTR > 1)«
SUV/JI# max

SUV; ,=———MM—
TR SUVAT max

23 UEEHZE

23.1.CTHE

ARUAARER NG TF 64 JZU8TE CT H9#0, BFPUPEML, XU F2%, TIRARET 2 BT,
A CT iR M EHR VR 25 Won . FH 54 98 I 160~320 mA, B HiJE 120 kV, L 0.5 s [
WLLR g % 1 2 AT W e a4, SR 28R %% 192 x 0.6 mm, FOVA416 mm, HFE4EFE 512 x 512, EGE K
AR EREE, 25 5mm, HEEEE 1.0 mm, JZEFE 1.0 mm. KRR 5 F R g
B2

2.3.2. PETICT #&Z&

HEAT PET/CT Aar 5 B s FH B4 28 o b [ g 652 BT R HEAA BR 22 71 A4E 7= (1) UIH uMI1510 PET/CT 494
X s PETICT RAG RERF A o FE VT IR 22 it A IR A PR A 7] I S 18 Filbric IR B0 4 7 % % (18F-FDG), itk
2l 95%~99%, %247 GV E S U 2 bRt . BRI AEET 6 /NI AE AT, D A A i 1 2R 2 R IR /)
F 7.0 mmol/l i, WA LLHEAT 18F-FDG PET/CT K. fEB/MGAISRES, B8 T ERFBRVIRE A
FHEIEIR o #2218 0.10~0.12 mCi/Kg THEE S &, S8 J5 T T8 I ik AL vE i AR R R PR 249 50 min
W HE S R, TR BE AT 2 5 W2 1%, FOV #5512 mm x 512 mm, 3D # T~ R 8 3
min/iROL, 4 G314 7~8 ANRAL. PET FAHRTEET CT REE, MFE B ME 1358 1/3 &b, H13fis N 120
kv, FBRy 180 mA, REVIHEEN 3.0 Z=K. FIHmWPZ RAMLA Hykxf PET EIGHEATE, FHHH
CT AT =R IE, 73 A RAS R T . BRI R ORI = AR & R . BIEKREE, EFE
AR UG T B, W R MR = A A 2R, R T TR, WA, WL 245 PR T 44 BT 1 PETICT
EUE 38 H— 26 5 UL E TAERI N R ERITHAT I . 120, A5 i 10 FF L B AR50 1) /47 5%
CRITHEAT %, BAHAAG B, HEEAmEREAENN, HEREHH 2K 75l SRR A
WARRFRAL. K/ BH . SUVmax K RlAME AL EEIR . K13 SUVmax 45 5 75 2815 56 A i A AE &%
HBX (ROI), 4R i3 i T3 H 3h 5 SUVmax.

24.CT EgoE
H4 BT LASCEE [ B Ak TR 5L 2 CT “FHIEIME, M PACS Z4i1 UL DICOM &R G H, R4 S0if3F FALAH
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DhFE K B LR AEH Bmi. 1 H R BENLEEL 30 41, ZERIfS 55 1 44 B4 6 £ Ll L2 e i ia R
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Figure 1. Outline of ROI
E 1. BHBXMa)E

2.5. $HEIRENS %

T AR EEIGAR L SRR AR I AT B A I, S 2H R A OC R (1 COR IR VAN 2 44 = T 2 7] K& [F] 44 = )i
2 PHRHGEAR A 2 FHE I — 8, 1CC > 0.75 N — BT .

PEELFTA BOGE IX I SORAFAE, TRBURFER B HE — P RHIE . TEARHE. SORHE, BFE KL
PUAE B (GLCMY) K JE K /N X IR B B (GLSZMY) . K J¥ 3a 47+ 5 1 B (GLRLMY)  AH 408 K €801/ 2 43 46 [
(NGTDM), HAERZRHECGE TG BE TR, — B Geit 2R A AR B SRR 73 Sl 72 R 46 UG R
WG B, JEB RS T Original . Wavelet. LoG. Square. Square Root. Logarithm. Exponential
Gradient; ERAEA/NEIN L mm x 1 mm x 1 mm, #fift 77 i€ Jy BSpline, A AR 5 mm: HAKKF
TSR B0 B W72 LT XT ICC > 0.75 FISL G A SR FIE AR 35 VA 30 W 825 (B 21 e 22 57, HERR P >
0.05 %, BN Z R R,

Table 1. The parameter settings of feature extraction

1 FHEHREHSHIRE

HRFEK N (mmP) 770 Fi i 18] 25 (mm) FRIETY R E
TEA FHFE Original®
—MrRHE Original®
GLCM Wavelet
. GLDM LoG
Ix1x1 BSpline 5 GLRLM Square
GLSZM Square Root
NGTDM Logarithm
Exponential
Gradient

“Original: M JiR R B L4 BUFA R (RS -

DOI: 10.12677/acm.2023.13122803 19902 I IR = =23t e


https://doi.org/10.12677/acm.2023.13122803

¥k
il
Al
El
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4 8: 2 LUK T A AR 73 D I RS ISR , 7E I ZRER h R AT 5 558 IRAIE, 73 0l K FH I [ H (LR)
BEBLER 2 T % (SGD) A £tk #1531 73 H (LDA) 3 Ml & 2 21 J7 ik i 37 56 T RS AR A SR A R OIS, T
WP HEATISR, ZeHIMRY ROC gk, A L N AR (AUC) PFAE R 1455 2 i Akse, I Delong
Fr 6 ) e AR [R] ROC 22 75 A e v 2Bk 22 5, I U SRR K240 8 418 HA0s AR 1 FU Al < L UL
Frse e FAPETE . BHVETRINE, HJa DADR S ih 2k 70 A (DCA) VA AR 2 Fy e PR N2 FH A7 o

27. it

AR, (] SPSS 25.0 it A AT R I 5, H n FoRTHEOsRE, IR + bR
(X £ 8)RRTHEBURE AIA D WIRAE e R A 2 VEAGS6 DL SR i 26 0 M (DCA) PR A (1 RS
i Wk P <0.05 W M4LE 27 B A gttt Lo

3. R
3.1. EFRZER

AR SZIG LN T X % 367 44, Hodb IEF AR 274 ) K AR 4H 93 1], 1E &4 i 4H 15 AR T4
PR N 60.9 + 14.2; EACHTALF4ERE Y 60.0 £ 16.0. 1EF ARSI Lotk 138 4], 5k 136 ] AR
HArE a8 B, 45 Bl IEFAREMAS SR A PR B AR . HRITESI S E S P > 0.05),
% 2. WGARIZWI T, IEF AR A AR M 2R Gt T g /5 142 i), 7 1E % R4 51.820%; kR
B 79, HIEWACHIZL 28.83%: H B e R B 26 ], IEEACHA 9.49%:; 2RI E RER
& 181, HIEFHAHIA 6.57%; KMFFEEE 9H, 5 IEHEAUIH 3.28%. =R A Ak il RS
PR R 19 B, SR AL 20.43%; REUREE 29 B, e QAL 31.18%; H skt rom B
15 fl, (AU 16.13%; 2 AKVEEREREE 5 B, L R4 5.38%;: AKMFFAEEE 25 4, e
W 26.89%.

Table 2. General data of two groups of patients (n, X£s)
2. MABEMRER(N, X£s)

AR KT
— Mgkl 2 p
BB (n = 274) B (n = 93)
& 138 48
5] 0.043 0.835
5 136 45
g 60.9 + 14.2 60.0 + 16.0 0.547 0.215

3.2. RRESFIFHETFE

Xof T A IS X AT AR 2 22 R ARSI, LRI T 1247 DMUAR A SAFE, I DU E VAR I AT 1 i
B GRGE 336 MR AL AL, ARG — M oL FOIRERAE SO E R S SIS 7 95 (1) —
YA (first order) n = 61; (2) FEIREEAE (shape) n = 14; (3) K SLHUAEFE(GLCM) n = 235 (4) /K B Ak d A B
(GLDM) n=64; (5) KEFIZATKEHE(GLRLM) n=78; (6) KFEEK/NXIHHE(GLSZM) n=72; (7) 4
SR ZEHE FE(NGTDM) n = 24, L4 2.
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Figure 2. The number of various radiomics features after screening
2. iR EHGEFFHENKE

3.3. RS H 4 sE T,

K 5 1538 XIHIELL LR SGD J¢ LDA 3 P2 ) Jy i @ e Ay, Tl aR it ATk 56,
SaERAR 3 FhpLAS Y 21 J5vE ROC gk, fEUIZEE+ ROC M4k T IAR(AUC) 5%l 0.8241 [95% CI
(0.7649, 0.8723)]. 0.8782 [95% CI (0.8276, 0.9230)]. 0.9376 [95% CI (0.8978, 0.9666)], 7EMRLE 45K
0.8019 [95% CI (0.6745, 0.9189)]. 0.8287 [95% CI (0.7197, 0.9239)]. 0.7846 [95% CI (0.6540, 0.8986)];
t, JIRAE T SGD A AUC 11T LR BB 2 LDA %, =FhIilisiiy i) AUC (4558 W4 3, =Fb
MR ROC 2kl 0L 3. 7EMREE ] Delong #6536 1 % B8 5] ROC Hh£k 2 7543 giit M2
5, GRURSA Y MG E (P > 0.05); WLk 4.

Table 3. The AUC of the three prediction models in the training set and the test set
3. ZMPUNRBAENIGES MR EN AUC EERXR

kil AUC 95% CI
LR 0.8241 0.7649~0.8723
WIghtE SGD 0.8782 0.8276~0.9230
LDA 0.9376 0.8978~0.9666
LR 0.8019 0.6745~0.9189
A SGD 0.8287 0.7197~0.9239
LDA 0.7846 0.6540~0.8986

Table 4. The Delong test of the ROC curves among the three models in the test set
= 4. MiREH =AY ROC A%k Delong test £5 %

1A it P1a
SGD LDA 0.10
SGD LR 0.36
LDA LR 0.67
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Figure 3. ROC for the training and test sets of the three prediction model
3. =MFUMRE)IZR & RN SR AT ROC BhZk

WU RLVEAREON I AL FHE, LR BRI ZRE SRR (2 WiE R % . VR . RS L [ M ol
18 B2 AP FRAE 43 ) 4 0.73 [95% CI (0.68, 0.78)]. 0.72. 0.77. 0.90. 0.49 F1 0.83 [95% CI (0.74, 0.92)].
0.89. 0.63. 0.89. 0.63; SGD HEAYIIZREE LML RISHEmZe . BUREE . R e B F0E 2 BH vk
THRIME 23 514 0.79 [95% CI (0.75, 0.84)]. 0.78. 0.83. 0.93. 0.57)#1 0.64 [95% CI (0.53, 0.75)]. 0.54. 1.00.
1.00. 0.38; LDA HERIIZEE LR EE RIS W AR 2 . BUSEE . Rem . B F0AE K BH 4 T AR 3 )
>4 0.88 [95% CI (0.84, 0.92)]. 0.88. 0.88. 0.88. 0.88)#l1 0.67 [95% CI (0.56, 0.76)]. 0.88. 0.61. 0.94. 0.39;
L7 50 FHASEF LR BB HERR AL T SGD %Y Jz LDA B . = /> il A 2 fr ¥ 0B FH 350 S A TR
ERERE, WLEE 4~6. PRI 2R I = NI RIFIIR IR, JF SGD AR T LR,
LDA #A1, WL 7.

50
0
i34 3 40
£ 30
2
=
75 20
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25
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B AE1 PR RE2 BEBE1 B RE2
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Figure 4. Confusion matrix of the training set and test sets of the LR model
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Table 5. Clinical efficacy of the three prediction models
2 5. =AM TUMRBY G R 3T AE

2H 5 % U e IOFT A T F e TN AR
i LR 0.73 [95% CI (0.68, 0.78)] 0.72 0.77 0.90 0.49
3
2 SGD 0.79 [95% CI (0.75, 0.84)] 0.78 0.83 0.93 0.57
e LDA 0.88 [95% CI (0.84, 0.92)] 0.88 0.88 0.88 0.88
i LR 0.83[95% CI (0.74, 0.92)] 0.89 0.63 0.89 0.63
0
i SGD 0.64 [95% CI (0.53, 0.75)] 1.00 0.54 1.00 0.38
* LDA 0.67 [95% CI (0.56, 0.76)] 0.88 0.61 0.94 0.39
50
BRAET 2 2 0
< 30
2
-
75 20
BERAE2 44 33 50 B A2 12 4
F10
r25
T FRAE2 N 1 B2 B
Prediction Prediction
Figure 5. Confusion matrix of the training set and test sets of SGD models
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Figure 6. Confusion matrix of the training set and test sets of the LDA model
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Figure 7. The DCA curves of the three prediction models
7. ZFIUNAEEIRY DCA Bk

4. g

A YRR 9 P B SR A 230 ke (T3 1R 412 60.9 + 14.2. EiftiATZH 60.0 + 16.0), H4r £ FLRlE:F
BIAIRE R . FEIMLFE . BTSN B R R B S, RN, ASUORR R AL, e
ML B G St B 262 19 B9, (i 2L 20.43%: HKERSRIER 20 B, (5 AR 31.18%: I B4R
PEFOR B 15 60, T R4 16.13%; £ RVEH BRI 501, N R4l 5.38%; RIEE B 25
B, AL 26.89%. BRI — A2 IIREIS R, KA I F G0 L I E L0 3 G A8 vl 2 K% JIR
FEMREDRT . IR . AE. S RPN . AR I R G SR B T R AR, B0 R
KRS 2 L S BUR B S, IR 40 % R A M MoRT 07 5 SO B B (0B M . R BT
SRR K PET REEEALST B S G VA TT 5 & /0 3 JHHEAT, BUIFAE 6 & 8 JHRHT, 1EHUT SUMibsT s 8 &
12 FEHAT[14] TAHE 2T CT B0 2 22 5 5L R DU ISR AR, I 00 5 4925 ) 5 3 PR 75 o 1B B
PEEA B S, R EURTR LI ML R GO ORI PR, TR AT A 400, VHR EELRG R 2
AT LR SR PR S Ak R PRI, 5 S e TR PR R s SRR RS2 2, B PR T
ELGE I A o 2k A P OB LR 5 SO T DRIV EEL65 LA AM vk R 22 R [15] [16]. SR M b BRI D L, fk
H LIRS IR B MR . RS A R, BRI ELR RN A A e A R A
FA . B B AR S B IR B HRIE[17] [18] ZEWGHR TAErR, T4 To M IS 06 i 1 2R 45 e i
REVERE AR BT, R 4 . TRIT R TR VA A R, AE S (191 IR 5 b R S 2
REE R RRE . 2R R B — R PR, (R LI IR R GOB R, 0K
FARE A 4 ELIRI[20] . F T8 B A SR L 82 31 22 % Pk ORE B A T 1 R R S s, 1R 2B Mo, P
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Zo PRI, RA=7r2 ZMEEERGIMAERMMIRNE, A RAEZ 2405 30.8% [21]. Ktk
B CT AR S5 R IR AU 3 m ek U . 2 R B B8R B N — R A LS 8RR T7 TR/
Wil oy T B 5 G e B R A AN, R A A S A AR . BEARREAE DA K S5
EAA . Rk, CT SR 2 R BT 5 5 A 5 R 45 A FH LI RS s AT B2 T i AT b o R AP
BE A LUR AR, 5 IEAR 5 Je S50 2 A0 2w DURA e DR o A B i TR F R TR 2 24 N B R L
Be 1) RRGLPEGR . 2) BRI VESOR . 3) ARIERGLIE R PESIRE (HIV ERGLERAL) . 4) Hofd 5 K (RLA5 254
OO RZERM MR . BRI R ER) [22]. JBAT CT S5 42 vl it AT AR 5 b AT AR 2,
HHE B R e R 7 2 R A B A

AR PSRRI (1) B gatHFE 61 4 (2) TAREE 14 4 (3) K ILBIAE FEAFAE
23 N; (4) IRPEMCHBUE FERFE 64 1>; (5) KEEISAT R BEH FERHE 78 4N (6) KB R/NXIHIFE 72 4> (7)
SR 2 ZEHE B 24 A o AESAAR A 2 U A FH BRFIEA TRARERAE . — B SRvHRRAE NSO R AE o TEARKRRAE
PR SRR X = HE R /INFITEAR BIAFAE,  — B S8 vhREAE 2 7 e 53093 b P9 2 B 4 7 T F) Ak S i 1k, 03
REAE 7~ IRg P9 K FE P SR i 2 (AN 38 S0 M o GLSZM RHAE F T R AE A0 B A% AN I S0 o AR IR FL 4 B RF
TEH — B e VR AE S B K BESRRAE BT o5 L AZ) 542 1 433l D9 (61/336) F1(261/336) « e Fi— i G v 44 R 7 i
PN K B 0 3 T D AR S S, B PS8 AR AAE 3 7 i e P A B T S i (R AN 5 S0 M 3 P R JELE P A
U R, S EUBOGER X R A P R O 1 2 A Ok

PLLR.SGD /¢ LDA 3 ML #5277 ik 2 S A IOl A 78 W A8 Hh AUC 18 73731 4 0.80 [95% CI (0.67,
0.92)]. 0.83 [95% CI (0.72, 0.92)]. 0.78 [95% CI (0.65, 0.90)]; A, SGD #i% ) AUC 1T LR %
LDA #8Y . B KAV ETR B Em AL FUE, 3 FhLAS 2 2 7 v 3 3 R Tt ASE 28 7 sl Hh R B 22 43 0 A
0.83 [95% CI (0.74, 0.92)]. 0.64 [95% CI (0.53, 0.75)]. 0.67 [95% CI (0.56, 0.76)], H:rf LR A7 s 45
SGD #7 J& LAD BARITS . FATATLLE S|, DL AUC {E AL TR B A0 RERT SGD M7 e d:, 1 HY
RS FRECT BHERAZE PN TOIASE AR 8RR IS LR B R 8 fi v o 10T BB AUC 5 HERA 227 i 1) ) R
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