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(95% CI:0.59~0.86,P=0.006) , LI fe AL 4 BUE 0.409 HEAT TN I, RAE Ny 12716, 15 740 66.7%
(36/54) , & SHWE AT F-FDG PET/CT Ji 7% g oy AC 3 5 B Pk 5 Xtk [ 45 56 7 o o
AUC-CSH EA& T <NO W25 B 98 X Sskpk L 25 55 B M 1

[X8iA] SSEGIE MR e IE R RS2 B RR RZ SRR X LR,
JIt S A 2 5 TR

EETH JTHABEITRI ;5 M & H AR S SR = 0 H (CM20193010) ;5 M 17 124

W AA KR TR (CZQM2020053)
DOI ; 10.3760/ cma.j.cn321828-20200715-00281

Predictive value of intratumoral heterogeneity measured by preoperative *F-FDG PET/CT for re-
gional lymph node metastasis of cNO colorectal cancer
Zhou Mingge, Wang Xiaosong, Wang Yuetao
Department of Nuclear Medicine , the Third Affiliated Hospital of Soochow University, the First People's Hospital
of Changzhou, Changzhou Key Laboratory of Molecular Imaging, Changzhou 213003, China
Corresponding author. Wang Yuetao, Emal : yuetao-w@ 163.com

[ Abstract] Objective To investigate whether the intratumoral heterogeneity measured by preopera-
tive "*F-fluorodeoxyglucose (FDG) PET/CT could predict regional lymph node metastasis (LNM) in pa-
tients with clinical (¢)NO colorectal cancer. Methods A total of 70 patients with ¢NO colorectal cancer
were consecutively enrolled from January 2012 to December 2019. All patients underwent *F-FDG PET/CT
followed by radical resection of colorectal cancer within one month. Whether the regional LNM existed was
confirmed pathologically. Volume of interest (VOI) was drawn with the threshold of the standardized uptake
value (SUV) of 2.5. The area under the cumulative SUV histograms curve ( AUC-CSH) of the primary le-
sion was calculated by PMOD software, as well as the maximum SUV (SUV, ), metabolic tumor volume
(MTV) and total lesion glycolysis ( TLG). Differences of AUC-CSH and metabolic parameters between
groups were compared by using independent-sample ¢ test and Mann-Whitney U test. Whether AUC-CSH was
the independent predictor of regional LNM was analyzed with multivariate logistic regression model. The re-
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ceiver operating characteristic (ROC) curve was used to evaluate the predictive value of AUC-CSH. Results
Among 70 patients with ¢NO colorectal cancer, 16(22.9% ) patients were pathologically confirmed to have
regional LNM. The AUC-CSH of metastasis group was significantly lower than that of non-metastasis group
(0.372+0.089 vs 0.464+0.121; ¢=2.831, P=0.006). There were no significant differences in SUV
(21.0£9.6 vs 23.9£10.9) , MTV (33.0(20.8, 50.2) vs 28.3(16.0, 47.1) em’) and TLG (203.3(117.2,
467.5) vs 184.5(105.6, 434.3) ¢g) of the primary tumor between those two groups(z=0.980, U values:
0.517, 0.028, all P>0.05). The multivariate logistic regression analysis showed AUC-CSH was the inde-
pendent predictor of regional lymph node matastasis (odds ratios (OR)=5.04, 95% CI. 1.37-18.60, P=
0.015). The ROC curve analysis showed the area under the curve of AUC-CSH was 0.73 (95% CI; 0.59-
0.86, P=0.006). When the cut-off value of AUC-CSH was 0.409, the sensitivity and specificity of predic-
ting regional LNM was 12/16 and 66.7% (36/54) , respectively. Conclusions The intratumoral heteroge-
neity of primary tumor is strongly associated with regional LNM in ¢NO colorectal cancer. AUC-CSH meas-
ured by preoperative *F-FDG PET/CT has a potential in prediction of regional LNM in patients with ¢NO

colorectal cancer.
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WK 2556 A% 24 B i W R =, otk
iR (TNM 1 | 1T 3G Bas, H 5 4R VAR AT
HEAIK 72.6% ~90.1% ; Wk L 457 B 5 1) 43 ) 1T &
M4, 5 4F B A AR IMBEAR E 53.8% ~59.5% | H.
BIT T R Z SO AR RS 3 A
RUHTA B AT ) o AR X Uk B 25 AR S 4 o 1 1T
A Bl T 57 SRR B TR IR 4 2 8 10 Rl S it
{18 Dbk R 2, AR 435t T 7 B8 ek 2 304 B A 1)
R EE N S0,

I 7 JCAE U 14 7 R A0 1 T DX Sk 12 45
Fet% , UHOR B RS IR 2 45, R OB 28 v ok
S He AR ME LA AR 2 Bl R 2 -
JI5d 480 5 %5 B ( fluorodeoxyglucose, FDG) PET/CT %
AR 1 53 1 07 T B A AR T B A A%
GESHL, A0 B KR HE R HUE ( maximum: standardized
uptake value, SUV ) %55 Wr &k & g i i) DX ek ©
ZERCRIRANHER ) o R S R R R R R R R
(R EE SRR, S J5T M v 100 i R B B iR 1Y) B S g
J3t% JBF-FDG PET/CT SARBEIN A I —Fil Sz B oo
R BER LRI L . IR BL F-FDG PET/
CT R AR R B E S A0S 22 Pl e e 1) -39
FBGARIE ) ARG R I PR ( clinical , ¢ ) NO
WSS e iR R HT FDG PET/CT B RgE AR 57
FvESA e A T HER F Dk 25775

BEMEHE
LGRS, [l s3 4 2012 4F 1 H & 2019 4F

12 A4 70 25 Bl B 5 [ 5 46 B, 2 24 1],
ERE(65+11) % T IR TR, BT A A B
F"F-FDG PET/CT #i# )5 1 > H LANATSES B
HIAAR , AR A A & P 5 Xtk B 45 56 75 1
WP . HEBRARIE . (1) RET®F-FDG PET/CT & #LIX
BR B 254 =1.0 em B SUV,, =2.5, s H A%
KA (ALARIGTR CT MRI) & 1 A] BE56 7 1 DX Bl ik
ELEh s (2) RAT AR 2K A & BRAT ] 378 Ak 355 137w A
WS (3) W iE NG 3045 R A 2 PET A1 CT EIR UL
A A5 X Ik L gs Suv, okl ; (4) BEEA
A P e s s A TR A 3 A
JIeE 5 (5) RBTHESZHULIT SR Y7 . ARFFEARF A (b
IRESEE T ) RN,

2. "F-FDG PET/CT %A% 75 ik K R b #, i
JH## [ Simens Biograph mCT(64) PET/CT #1745
AR, WAL NP F-FDG (1 RE 5 VLR % B E L
o R JEA PR A ml BRI ik 26>95% ) . B iR &
GATTI AR 6 h LA L, I 2E 47 0 ACSE A
YA AT 11.1 mmol/L I, B Al #2244 B it 3.70 ~
5.55 MBq/kg Bk iES  F-FDG, BEJG & T2
WG EREE K E, 45 ~ 60 min, Z J51F PET/CT 1
i, JcH CareDose PUZE (four-dimensional, 4D) £ AR
HEAT CT 448 A 487 F AR AR A A 7Y 3]
[ZERE B EAN R ST H B, B H 2%
Tl 60~ 180, 45 H1 [T 100 kV 12 Jy 0.8, Bk B
JETEEEI A 0.5 s, 28R 5 mm, CT 4R fE
SEZAT PET 4, ] = i X CoR 42 S, AR 48 iR
H BT 5~T AR ZE S A4 15 F A
N BN BBV B, RAERTE] A 2 min/ RA7, 1T Syngo
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TureD HPFXF G R AT 8 L, T8 Rk W 1o e bR i
AR I Z G e = AEBE BIUR

M 2 7 256 4\ 1Y% BE 2 B E i PMOD
BAF (4.1 JUAR) 78 PET/CT @il FEME L X2 B
JR KN AT RS AR B (volume of interest, VOI) 4]
] B DR kB 58 B AR TE VOL N, I3k 2 1) 2]
FUA A PR ) &0 0 i 1 2 21 B i A
Bh/a)1E VOI AR HE SR BUE ( standardized uptake val-
ue, SUV) =2.5 ko, i AL G S 5[ ok SUV
(maximum SUV, SUV,__ ) His& £ A& B ( metablic
tumor volume, MTV) Jj kb b % i 5. & (total lesion
glycolysis, TLG) |, Mg A Bt 155 R
SUV IRFRE 5 I F A (area under the cumulative
SUV histograms curve, AUC-CSH) #1714, 2
SUV &L 75 B ( cumulative SUV histograms, CSH)
A SUV,, A7 B (0~100% ) IR UE
o3 He I A I 2 T ARG, AR g B B Y
RS FE ] PMOD 4k SUV AR FE
EITIBE AT AL 45 SUV AR R B RFR, DT 45 3]
CSH HZR A o, il ik A B J5 2275 CSH il 2k
FHIHHATE] AUC-CSH,, #h 2 Bl 7 i AUC-
CSH, H:4H N AH2E 223X (intraclass coefficient, ICC) 24
0.99 , 75 il 2 F4) 48 X — B

3GEEAEE, ] IBM SPSS 20.0 2K {F#E1 748
Totr, XA G AT IE SR, 775 1E
BRI LL x5 FoR, AFFEIES AL M (P,
P) R g Pl ST BEAS ¢ #6556 52 Mann-Whitney U
R LU ) 22 5, P TR DU S R s | fi
FHX? K50 LA ) 22 57 . ] 278 4 logistic [A11H 53
B 55 DIk L 45 5% B AR DG By Sr IR i ] 52 30

TAEHFAE (receiver operating characteristic, ROC) i
2T AUC-CSH X X Sk L 235 e A2 19 19000 f11 fL
P<0.05 4R BA G L

# =X

LIRBISEATERL, 70 I BE T, 459 56
(45245 W 9 25 0 (35.7%) , 72 2% 45 W o 31 )
(44.3%) ] ; HI%E 14 191(20.0%) . FREIEA AR L
Jiges 18 191 (25.7%,18/70) , *h | & 43 4k ik 98 52 1]
(74.3% ,52/70) ;3 B ( pathological , p) 433 . pT1 11
1 1(1.4%,1/70) , pT2 ] 15 1 (21.4%,15/70) , pT3
1 42 151 (60.0%,42/70) , pT4 # 12 1] (17.1%,12/70)
FARWGH A XS0 C 25805+ (13+6) A4, 3L 16 4
(22.9%,16/70) F A BRI RAAT A X I L 4554675

2. XSk T 5 5 7 5 I IR AR ) PET/CT 2%k
KRR (F D), AR E BARE LI 1, Xk
PR S5 AR FE RS AT AL FL B, R B T 43 19
(X*=6.101) Fl b8 J7i & &k AUC-CSH (1 =2.831) ¥
A 25 BB G X (35 P<0.05) B B41m T
SN T AREAS AL, T AUC-CSH {HAR T R R4,
R ¢ N Y AN D A AN (IR LS
( carcinoembryonic antigen, CEA) 7K°F PET/CT 1%
BiZH(SUV,  MTV Hl TLG) fI£H 7] 2% 5 4 L4 it
5 X (# P>0.05)

3.XIRM LR Z R R R0 (£ 2) .,
W5 &kt AUC-CSH J PET/CT 145 2% (SUV, .
MTV J TLG) 435l B 5 g pT /- WA A 2 &R
M1 73 B, 45 R4 R B AR AUC-CSH J2& X 3tk 2
CERERL ST G B R [ HAEL EE (odds ratio, OR) =
5.04,95% CI:1.37~18.60,P=0.015) ] . ifij HALPET/

xR1 FEWRRIMKEESEBAH S REBHNIGIRTOR
-~ _— i Pk WAL 61 %) ] RSN FEE(p) T3~T4 )
o (% sxxs) (%) ] st i (%) ] (%) ]
Rl 16 6410 10(62.5) 12(75.0) 4(25.0) 4(25.0) 15(93.8)
KRR 54 65+11 36(66.7) 44(81.5) 10(18.5) 14(25.9) 33(61.1)
) 0.444° 0.095 0.324 0.006 6.101
PE 0.659 0.758 0.569 0.941 0.014
CEA F+5& AUC-CSH SUV,... MTV TLG
2kl %
A WJ%;& [WJ(%)J (x£s) (x+s) [Cm3§M(P25,P75)] [g;M(PZS’PB)]
L2y 2 16 8(57.1) 0.372£0.089 21.0£9.6 33.0(20.8, 50.2) 203.3(117.2, 467.5)
KRR A 54 19(47.5) 0.464£0.121 23.9£10.9 28.3(16.0, 47.1) 184.5(105.6, 434.3)
i) 0.487 2.831° 0.980° 0.517" 0.028"
PH 0.485 0.006 0.331 0.605 0.978

T : AUC-CSH g ERWRHES U (SUV) B2 77 R B4 T AL, CEA S99 IEHLIR , MTV Ml SRR, Suv, Nk SUV, TLG K
95 kAT e i BE RS2 2 9] CEA BUR Bk  REERSZH 14 1] CEA BB BRAE ;* h  f8," 0 U MH, KA X2
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CT ZHUHAE X Stk 25 FAL R R 3R (35 P>0.05) .
4. PET/CT S5 ROC B (1€ 2) , it
ROC £k /1153 AUC-CSH Tl NO HA%% £ 98
DX bk 2 S5 R i i 4R T BSA 0.73 (95% CI
0.59~0.86,P=0.006) ., 4 LAFAEMEE 0.409 17
TR , REEUE R 12716, 5704 66.7%(36/54)

i

M TR 45 B g 1297 B, " F-FDG PET/CT

AR TG b 55 R O 45 B e, JLR A
Z—J& PET/CT e H s N 4 Wb iy i (B A
BRI TR RS B, SUV,, I 7 (| A M
J& PET/CT A% % skt BB 3 A B 2K
Pt AAXTF I R IR L 4G | A bk 2 25 3 /N
B 5 e kb ok I B BUE DRI, PET/CT AT 24
BAPE, W E MRS R B LA SUV,, =2.5 fE N
TR RS PR CL4E B2 Wb v s | R AR AV 38.6%
Lu %57 %6F 10 TG RBFFEHEA 725260007, KB PET/

20 40 60 80 100
SOV E AR/

20 40 60 80 100
SUV_ EARE/% (D)

B 1 25 s PE-AE AR (FDG) PET/CT AR P R iid AR S Btk 4T . AL R 25 i B ) 1 (22,59 %) 19 PET/CT [4]
1B BE TR IRAL (7378 ) P9 AR 235 R34 5) b KAR AR UL (SUV ) 4 19.0, IR AUEHA R (MTV ) 2 150.2 em?® , 5 AL W %
fife Sk (TLG) 24 1 068.1 g5 B 1 Y BREGRAERRIUE (SUV ) B BT I (CSH) BT ZE (RFRE 43 FUAR R St %L SUV . 1 43 (L A4 Jifr e 14
FUE T E) 23R4 B4 T iR (AUC-CSH) , 24 0.355, B2k 24548 (AUC=0.409) , /R 988 EL AT 55 00 (At 5 S 1k C. I 45 i ko
B 2( 5,55 %) I PET/CT EUR , IAEAHR ikl (Fi sk ) P9 AR A e R 350 ikt SUV R 42.0, MTV # 155.8 em® , TLG 47 1 948.7 g;
D {5l 2 (19 CSH £k, ¢ AUC-CSH 9 0.490, 5 T HEZL (1 AUC(0.409) , $ 7 it AT B A AR S BT 5 99 1) 1 7R J o B UE ST A7 DX Btk
ELESHERS (4 /11 A ] 2 AR RS BIE S TG IX b B 45568 (0 H0/19 )

R2 A X A5 RS 19 27 i logistic [M1J4 70

, B 1 Him 2 Him 3 1 4
- OR  95%CI  Pfi OR  95%cCl P{i OR  95%cl P{i OR  95%Cl Pl
AUC-CSH  5.04 137~1860 0.015 - - -
SUV, . - 242 0.71~8.19  0.156 - -
MTV - - 1.08  0.33~3.50  0.905 -
TLG - - - 108 0.33~3.50  0.905
pT 43441 762 0.90~64.78 0.063 13.16 1.52~113.80 0.019 941 1.14~77.56 0.037 9.41 1.14~77.56 0.037

TR 123 4 43 B BB R IUE (SUV) (R R 7 B IR R AL ( AUC-CSH) K SUV(SUV ) SRR AR MTV) ikt
PR B (TLG ) B 593 (p) T 4MWIN A Z K 40T 1 R T ; OR S FUAB L ; - R JeEE
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2 PB4 (FDG) PET/CT RAZ ST 70 BI85 1
Jo 98 R DX B B 5 5 B 1 32 1 3 VR HRRAE (ROC) 42,
AUC-CSH g ERUWRESEUE (SUV) I BUE 7 -2 R R,
MTV AR R R, SUV, . FERK SUV, TLG R k- b

IS8

CT 2 Wr4h EL Rtk A5 5 7 1 REUEAUR 42.9%
AWFE B E N F-FDG PET/CT #ER Fi cNO 4%
L 9 DX b B 2 e R B A 1) S 5 ik

e S Jo v 5 e ) R 2 A B B UIAE O AR
S M R S M — N i T, PET/CT Z2F0 %
BT FH T B b e 9 AR S M A 46 AUC-CSH |
SIS CV, TR EL (heterogeneity index, HI)
ST TH R G 5T UE SE AT R S 8O AL, AUC-
CSH Z£F VOI /9 SUV ELJ7 BT R 5], AR F 2088
SR, HE SO 5 B (A A AR B 4 DU o
SEVEL . ARBFIEA AR 70 11 NO 45 B 0
WA 22.9% % T ARG BIIE SCA7 AR M L 25 56 88, 28
W0 & AR RT PET/CT 5 & A48 (1) AUC-
CSH A&k L Z5FERE (W 37 FE R IR 2, ROC #4220 Hr
PERFIFH AUC-CSH 1 S (E#R BT E R A4S 1 75% 1)
RPN R 455 R, IR S5 SRR W MR N
RIS BT S% AUC-CSH %t T-45 B9 AR AT N 43
B0 HER TS AT BB HA EEAME.

AR 5E K  PET/ CT AL GE 280 T 25 LV ¥ea
WR L S5 5GBS 7 G W (E, ST 5 T s s
AL, SUV,, 32 BRI 22 5 55 I R 52
(RIS, J 3 PR AR A ) 25 S 3 K ) A B v sl R
FDG $EHL, W45 19 25 B M i SUV . 1T B8 J2 i s X
FDG $ 5 16 A B s AR MU S, AN RE o8
AR MR OB . 3K AT BB AT itk
CEHRBU SRR A MR KL SUV, 25 st
2B IR, MTV K TLG A2 Mg 17, 8 5 ok
Uk, 388 1R 4 IR 0 A 5 0 MG P e g M B 22 I TS
AHSET) B AR 2R X T MTV 5 B 98 b B &%

RIS R WA S, R & A
) MTV 2 i 96 bk 0 25 56 3% 1) fa I B 22 5 Suzuki
g2 L LA R MTV 5 TLG F1 N 203 HA —
TE S ;A s ) S B B R CL A A
EORFERS R F ) MTV F1 TLG JC W W 4H 1) 22 &, ™
Frag 2R AR MTV 5 TLG FEACRES s
oM BERS , ARWFIE A MTV ) TLG F-JCHiil
S5 H R O B N E, T AR SAL T T
cNO W4t i 3, FEACR [ T B 530 T AR 5%
oy e T U0 S NI IS Z B N Ol s =W 778 A1 ]
L, MTV TLG 5 Mg 32 R B I A — o S IE A G,
TRFRER A G Ay 458 v A9 g v LA DA s 9 AN
&, X RE IR SR T AL B L S R AR
B,

ARWFFAFAE LA 7 160 4 Ry B+ (1) AW 5% J2:
Bty [l BRI, HA0 A ) 58 BH s 191 %
/b, AT REXT IR IT 4 S = e — e R IE R 5 (2)
T AR RO T 45 B 1) PET/CT Z80F 1 —
SEFZIN | HE3R AR B RE A% R i 3 A B SR LAY
T, XA TR ST (1 — IR

B2 ASBIFGE 2% B e AR S T S8 AUC-
CSH HAFM cNO 1 25 B Ji X bk B 45 5 B8 1)
VAR, e AR 5 B 1 5 RE S 97 K F-FDG
PET/CT 7£45 B H i i A3 A i
RIZEMRSE AT AEH 7 R A1 R 25 o

Z % X #t
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