B R KRR 2020 4 3 H 55 41 £ 55 3 1) http: //www.ajsmmu.cn
Academic Journal of Second Military Medical University, Mar. 2020, Vol. 41, No. 3 o 325 o

DOI:10.16781/j.0258-879x.2020.03.0325 . 5@1/‘%%% .

MR IRSAAR B T E A5 53 A T B B T e B AL S L SR T R

BB HF, o F, R
WEEERS (B FEERYE) RIBERZRESR, i 200433

[HZE] a4 ST MRIE PR T2 ARG AR 42 E AT (PCA ) X B 96 8 4 Bh st 1k
SEVRITRCR TN E . Z ek MBS 2018 45 1 H 1 H 2 2018 4F 12 H 31 H #£ 3k B B Jay s i1f Fe 3 L W g 422
OB IR R AT B AR TR HE ISR AR (1 80 (71 E A W kE, 5 60 9. Lx 20 i, 4FEMSH 28~74 %, SFIAAE
&R (56.249.9) % BEITHBI LA FRTEEZ 3.0 T MRIKRAT, TR 2098 T2 A& ERBUS 2412
FRAE, PR PCA YEIEATHRRAFAE Ak, i FH 54 5 BOAAE S5 B 225/ (pCR ) FRZEHEST logistic [[] 543 S A5 5
B, AL I 2R S5 MR HEATLaR 2% 20, 43 34 ROC 4 If 3108 AUC Je R fU% . RS . HERAJE .
% F  MRI =5 HE3 T2 IALEG AR ER IR 1 409 42 AR A 2= fiE, PCA AT BT & IF LT Ay 5 > I pe R
AR A 22 R OEHE B BT RRAE, 40 B REAR A AR A A FR A P T 9.926 016 67X 107", 4.854 545 00X 10,
2.509 013 91X 10 *, 2.489 032 30X 10 °, 7.372 984 50X 10 ° BfZ .. Logistic [HJH 4325 2RI A2 W aAiF IR AR Y-
] AUC J9 0.761 (95% CI: 0.694~0.828) , REUE N 90.3%, FiFEH 40.0%, HEMHEEHN 79.0%, % +# T MRI
R PR T2 INEGAR2H 2% PCA VEXT B e Rl WU A A6 7 (109 A B (Y Tl A0

[xIA] EHME; FBubessT; Rdss; B Rmg; Rt

[FE#HZES] R73537 [X#EtFRERE] A [XEHS] 0258-879X(2020)03-0325-05

Magnetic resonance imaging-based radiomics of rectal cancer: principal component analysis to predict
treatment response after neoadjuvant chemoradiotherapy

ZANG Shu-qin, SHEN Fu, HAO Qiang’
Department of Radiology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai 200433, China

[Abstract] Objective To explore the value of radiomics with principal component analysis (PCA) based on
magnetic resonance imaging (MRI) high-resolution T2-weighted images for predicting treatment response after neoadjuvant
chemoradiotherapy (nCRT) of rectal cancer. Methods Clinical data of 80 patients with locally advanced rectal cancer, who
received nCRT before radical resection from Jan. 1, 2018 to Dec. 31, 2018 in our hospital, were retrospectively analyzed.
There were 60 males and 20 females with a mean age of (56.2+9.9) years (range, 28-74 years). All the patients underwent 3.0
T MRI examination before nCRT. The radiomics features were extracted from the high-resolution T2-weighted images. PCA
was applied to reduce the dimension. The logistic regression classifier model was built using the dimension-reduced feature
and pathologic complete response label. The samples were randomly divided into training set and testing set for machine
learning. ROC curves were drawn and AUC, sensitivity, specificity and accuracy were calculated. Results A total of 1 409
radiomics features were extracted from MRI high-resolution T2-weighted images. Five optimal features, which could best
represent the overall radiomics feature matrix, were recombined and selected by PCA method. They represented the information
on 9.926 016 67X 10 ', 4.854 545 00> 10, 2.509 013 91X 10 °, 2.489 032 30X 10 " and 7.372 984 50X 10 °, respectively. The
mean AUC of the logistic regression classifier model was 0.761 (95% CI 0.694-0.828), sensitivity was 90.3%, specificity was
40.0%, and accuracy was 79.0%. Conclusion  Radiomics with PCA based on MRI high-resolution T2-weighted images has
good predictive value of treatment response after nCRT of rectal cancer.

[Key words] rectal neoplasms; neoadjuvant chemoradiotherapy; radiomics; magnetic resonance imaging; principal
component analysis
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TR I B e B RIS 2 I R RV AR (total
mesorectal excision, TME ) A1 1874 Bl b2
iA¥7 (neoadjuvant chemoradiotherapy, nCRT ) , %
TRBFEMRTARERE LR, T KBAEFREK
AT SClkARE, 2 nCRT & FARIGIT A,
15%~27% 1 Jry B2 e 304 7 s R TR BELAG £ 45
Rerh BoR O A TS, BIRE] 1B e i

( pathologic complete response, pCR ) , X4

F KT B R T 5% S e A s
Xt Bt e ) B9 i) nCRT Y7 A T HERRITAR K
FUSRAS 1G YT 7 2 A e A ek,
AR SE I IEME IO 5 PEAL B9 48 nCRT J5 %%
JEE[SSTER7 IR

AR 22 0 S BRI & JR SR FRATTER AL TR Y A
B AR MSAREAE (CT . MRI, PET-CT % )
i RO ARG R, B E L R
TEFRHL SRR T, X s A B AR BT R
SRR FZYE . SO0 AN 3B, DT A A A a2
Wr, B8 05 B A IR R ORI T 51k
WF5E. AWFFEEET R R T2 I MR, 471015
1R 2FAR TR 7988 nCRT Jr 40 H0 TN AL HE

1 BTG %

L1 e R FA# MBS B 2018 4E 1 1 H =
2018 4F 12 H 31 H 7E3K B K Jmy 30 2 Ji 39 11 1 9 422
2% nCRT Ja17T BB IGHEVIBR AR (Y 113 {51 i3 5%
Ble AFRUE: (1) ARJFHBIARAUESE A L
fiis (2) B—yekk;  (3) nCRTRiAT W00 9
T2 A MRIKiAr;  (4) nCRT JGATARIGEFA
YT, AR AR HEBR AR E: (1) B
Gl 2E, o T BG5S AR 2 R IE S L

(1149) 5 (2) nCRT 5 F- /A (0] [ i} ] i e ml it
KC6fl) s (3) RuTHEsZ HALGTY, W mIG

ST ERYT (16 44]) .
1.2 MRI# % 5 % MRI 4 % FH 7% 5 Siemens
MAGNETOM Skyra 3.0 T # 5 %I % It 9k i 1% %

i, FrA BEKRAR 4, FRTE R E
1 T %EHE (20 mL Hyh) &35, R
ERARE PR . FAE A (1) WAUF IR
IR TE T2 I AR 17 40 7y 510 B Ak BRI T T I AL
L R VRECI AR A (diffusion-weighted
imaging, DWI) . (2) & 48 ¥ R T2 AL N #}
BB, A T T AR R A A K A

H Hi = B H & B [ (repetition time, TR)

b 4000ms, [ ¢ W) [A] (time of echo, TE)

108 ms, K JE W BF (field of view, FOV) K
18 em, 4[4 N 320320, JZ2 )& N 3 mm, JZ A
o0, ZEHCh 28, SCEfE N 150°, SN
108 Hz/ &%, (3) JTAsliflEs, kA%~ A
Bl 1 EHB 4 347 2R 4 (generalized autocalibrating
partial parallel acquisition, GRAPPA ) % A&, Jin#
B4 3, FHEMmxECh 2, FEEKESR 16,

R 250 s,

1.3 %K 5 EL5RBLWATE

13.1 nCRT#77 % A BEIITARBIKESR
RS IR I7, Ab 5 )l 45~50 Gy, 4 25~28
K, H5~55 e, HFIRIT T4 1 IRE Ik
SR 9T I I S i, A5y 2 K T 5 80K M
( 5-fluorouracil, 5-FU) o% I fiit < 55 fll &£, nCRT
5SS IR 5~12 Ji4T TME AP .

132 mEDL W RF\XEEIEKSZRS
( American Joint Committee on Cancer, AJCC ) %8
8 WA PR, B BRI BRI B 45 20 G o
FO0~3 %, 09% (SE4RN) - Jon] UL Y i 4
Mis 19 (JLPEaRN ) « AR WA 4R, 7
DA 2 9 CERAP O )« A I sk B
WA MR R E, (HEAR g FE AN QR s 3 2 ()b
ZEBICRNY ) = Tz, TP ich Mg iR
46 ARIEPRAESEA TR ELS I, 0 RIR g R,

AR YA A 3 L. BRI B A2 AE Ak T S5 IR
Ao nCRT JE i BRAM l TONO [ 522 40 A pCR 4,
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(region of interest, ROI) , H &4 ikt i =4k
2 BUB LB X (volume of interest, VOI) , H 7
1Ao7 1 A 58 FIC S AR B A A ) i 25 2 . i Lk
FHEIEH VOLARH =R T . (1) B T4
fiEZ: O—MgeitmHiE (first-order statistic ) ;
QIAREFAE ( shape-based ) ; QLUHHFE (texture ) .
£, 15 K B g% 3 A 56 B4 ( gray-level co-occurrence
matrix, GLCM ) . JK & 9% K & % 5 ( gray-level
run length matrix, GLRLM ) . K J& 2% J& IRk 45 B¢

( gray-level size zone matrix, GLSZM ) Hl 40l i
K JFE 22 43 % B4 ( neighborhood gray-tone difference
matrix, NGTDM ) . (2) FEF i € 4525, A6
INUE S AT (wavelet ) | i35 $7 7 7% # (laplacian
transform ) . XJ U4 ME (logarithm ) | 48 EU4FiE

(exponential ) . B 7] & 1 JE pR %L ( Minkowski
functional ) . EH4EEL ( fractal dimension ) 4%,
142 HEREREANE RECGZHQHAER
fE J5, >k HI 3 B4 43 i (principal component
analysis, PCA ) VEFHATHMEMARELE, [l HFELEE Y

FEIE 5 pCR bR 7. logistic 0] H 4328 #o R AL, %
FEAREAL T AR5 (80% ) S (20% ) #F
TRl 22, 432 ROC Hh 28 1133 i .
logistic 71 )5 43 2 g 455 7Y () X 46 R A S 9728 L6
IF( cross-validation ), 118 AUC. REUE FIFFE
1.5 %itseas R SPSS 16.0 B T4+
O3HT. BIESSIITHREGORIL X £5 R, Pl
FECR IS, FEAS ¢ R 55 THECOERE LR A 53
R, WAL L ABCR o K. R gk (o)
A 0.05,

2 & B

21 BHMETH BAPHASHIEE, T 60
B, 20 B, A N 28~74 %, FIAER N
(56.2£9.9) %, nCRT % F A (] fg i} [E] Ky 31~
85d, ¥ (57.1+8.5) do pCRAL 15 #1] (18.75% ) ,
EpCR 4L 65 141 ( 81.25% ) o WL 1, PHALPERIFAAY, |
% . nCRT ZFARIFGET H] 22 F ¥ 5 TH2E 5 X
(P#>0.05) .

®1 MARE-MARLER

’ I — N = -
Faxzi| N 7 B % LERS (), xEs nCRT & F ARG (d), xEs
JEpCR 41 65 49 16 57.11+8.8 57.54+9.1
pCR 41 15 11 4 56.0+10.2 56.3+7.4
GEiHE ¥'=0.027 t=0.403 =0.411
Pl 0.869 0.688 0.683

pCR i HE5E A28 fi# s nCRT : Bl B b 23577

22 HpaxaR

22,1 BHRAFHAE PRI 1409 S 2R R
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AR 2 R AR AR MR (R, PRIEAS B3 A5

1.01
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0.6

TTERE (%)
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0.0 ' -
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1 ER77H (PCA) FEFFEE
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222 pERBBAFMXIN  Logistic [FIIH 7324
RERIYIN ZRFE RN S H7 28 LEG IR AR A9 ROC £k WL

K 2. 40T AUC (95% CI) . RARE.
PR MR 43R 0.678 (0.443~0.883) |
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61.0%. 60.0%. 84.0%, M ik % ) F ¥ AUC
(95% CI) . REUE . 5 HERE 50 0.761
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AUC=0.678, 95% CI: 0.443~0.883 A
! 1 1 L s

(0.694~0.828) . 90.3%. 40.0%. 79.0%.

1.0
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021 BSHROCHIZ(AUC=0.750)
— “TEROCHIZ(AUC=0.761)
+ I hiHEZE
0 L L L L Il B
0.2 0.4 0.6 0.8 1.0

1 — e
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RHT nCRT 454 TME J&: Ja) # 7E Ji 11 1 s i
FHARHEIRT " . nCRT J7 R T 5 374k 2
TRE T — R T R KR . — I meta 43 By
R, pCR YEBH WIS TMEIRYT, T “W
2 5% 1% (watch-and-wait )" , ZREESTFARE
T EE ML, SAEAFIE I R AR
pCR H HT{REZEAR TG M T A5 BN, i R ] WA
Il IR 5E 4= 2% fi# ( clinical complete response, cCR )
1y B PAUA 25% S2BRk pCR o XF4E pCR (1
i e LR RIRTT %6, VISR B TR 7 AL
o PR T I A 301 g £8 35 18 R b A B L
4P, G5 BEA T BE A pCR AY cCR B BRI AL T ¢ 5
Ro R R A A A S H BT nCRT Mg iR 4y “ 4
FRifE” , AH BRI R A AR T E R PP AL T B
FibRifi i i = Sk o)

MRIAE Ky B B #E7E B e B 2R 27 5
AR, TE BT 30 S o i R T AR
FH, 2 R A K1 cCR A9 H 22K 4 . MRI (& 43 HF %
T2 AT FIRRHR T S22 R, GBS FI T e iy 12
THREE . BEAMNERALSE . ARSI
SEEERAAG DL, S BT RGN AT BB A 4
{H nCRT Ji5, i [P yeg 248 it i IR B0 A ] o 2 2 A0 55
FR, R AR ESE B 28 % 2P Al nCRT J5 47 Jo ¥ 4t 5%
FERE N RME, BV SR H L DWI K i 4 i R 5L

(‘apparent diffusion coefficient, ADC ) K[t AHESE
22X 53 IR ZH AR 4 1) AR BB IS A 9K i

HRFE

SOAG 258 1 TR LR AR R B A KR i
A R AT AR, AT BB RS T . 12
W RS PTG 5 o AN BRI 7 A it 0 P e e
TR T LN AL | AR AR,
T AR AL 27 255 () AN ) 35777 S b, s
L AU A SEAR I N o IR SR AR A A 3R
SEAM R IR S, R SE R 4 5 | A F
e B R LB A BR o AR R AR5 2
For A X TR A R AAITASG B AR, BATEA
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BARGXT AR FHE MR W ), B RETREES
PRI A MG K (AR TG R B AIX 43 8
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[ b3 X 2 M Bl AR A 2B 5T R B4R v
FESCHRHESR I, ROBMERARLET . RET . B
Je T A5 1

AR 5E T MRIBEATRAR 4122098, 7 4%
PER T2 AL S /20 VOT AT ARAE 4RI, 2 )5
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il
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