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0.041) \NEff-Z(P<C0.001) , VA & # B 87 40 keV & F 15 (P =0.009) .70 keV # 214 (P =0.038) \Auy (P =0.034) . IC(P =
0.033) \NIC(P<C0.001) \Eff-Z(P =0.023) . #= NEff-Z(P<C0.001), ROC w1 & 5 # % 9 ,NIC\p ££ RAS X B & % P 45 T
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The value of spectral CT quantitative parameters in predicting RAS gene mutation in colorectal cancer WU Yi,CUI Yan-fen,
YANG Xiao-tang.Department of Imaging, Shanxi Hospital Affiliated to Cancer Hospital/Shanxi Province Cancer Hospital,
Chinese Academy of Medical Sciences/Cancer Hospital Affiliated to Shanxi Medical University, Taiyuan 030013, China
[Abstract] Objective: The purpose of this study was to explore the value of quantitative parameters of spectral CT in
predicting RAS gene mutations in patients with colorectal cancer.Methods:77 patients with pathologically confirmed color-
ectal cancer at the Affiliated Cancer Hospital of Shanxi Medical University from November 1,2023 to May 31,2025 were
retrospectively included. All patients underwent dual-layer detector spectral CT scan before treatment. According to the post-
operative gene test results,all subjects were divided into the mutation group (34 cases) and the wild-type group (43 cases).
The preoperative clinical data included gender,age, CEA,CA199,and CA125,and the spectral CT parameter indicators in-
cluded CT energy values at 40keV and 70keV in the arterial and venous phases,spectral curve slope (Anu ) ,iodine concentra-
tion (IC),effective atomic number (Eff-Z),normalized iodine concentration (NIC),and normalized effective atomic number
(NEff-Z).Receiver operating characteristic (ROC) curves were used to evaluate the efficacy of spectral CT parameters in
predicting RAS gene mutations in colorectal cancer.Results: A total of 77 patients were included,among whom 34 had RAS
gene mutations. Significant differences were observed between the mutant and wild-type groups in multiple spectral CT
quantitative parameters (all P<C0.05),including arterial-phase parameters:40keV CT value (P =0.003),70keV CT value
(P=0.002) ,Aqu (P =0.048),1C (P=0.029),NIC (P<C0.001),Eff-Z (P =0.041) ,and NEf{-Z (P <C0.001) ; venous-phase
parameters:40keV CT value (P =0.009),70keV CT value (P=0.038) ,Anuv (P =0.034),IC (P=0.033),NIC (P<C0.001),
Eff-Z (P =0.023) ,and NEff-Z (P <C0.001).ROC curve analysis demonstrated that NIC,p exhibited the highest predictive
efficacy for RAS mutations, with an area under the curve (AUC) of 0.880 (95% CI:0.800~0.959).The optimal cutoff value
was 0.654,yielding a sensitivity of 79.4% and a specificity of 86.0%.Conclusion: NIC,, based on spectral CT is helpful for
the preoperative noninvasive prediction of RAS gene mutation status in colorectal cancer patients.It provides an important
basis for clinically precise screening of target populations and customization of individualized diagnosis and treatment plans.
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25 H B (colorectal cancer, CRC) J& 4 Bk Bl N
B UL B — R R L R 2022 AR AR R AISE T
FRG3 HIE T A B A I R 1 2 = 0 RS AL, T R A
AEEFHR R . RAS LK 9848 2 45 H e b i I
(5 FFF, B A Kirsten KB 9 75 0% 56 X
[F] VR % (kirsten rats arcomaviral oncogene homolog,
KRAS) J P8 5 78 R 25 8 40 Jif0 968 o 75 986 2 R RAS [F]
¥ (neuroblastoma rat sarcoma viral oncogene hom-
olog, NRAS) & [H] 5¢ 4 , H 58 AR IR 75 B ht & f A= K A
FZ 4K (Cepidermal growth factor receptor, EGFR) #!
AT A A% O 0 28 B 75 900 () I 5 0000 e e 452 28
B FIE A 10 TG VR 9T 9% VAR G, o J2 X 45 B o 18
AT AL ST AT . BT I RA I RAS B&
PRI 9 7% 2 MRS g L AH AR AT A I, KT, H R 2R
B BB W 20 A, — B R BRI T el R T
. P IRE —F ol S B2 T
I RAS B K 58 48 HA 8 2 m K X,

THE AL ZE B 1% (computed tomography, CT) &
H A K45 g 8 W R A TR E
FATAFAERT BB 03 PR BUR VB S 7 R D 2 S 8L
B A o — A5 Je BRSS9 1 A 3 ) B
DL R U803 SRR, T Tl S 4 B A 2 B S
MMEA L IT IR 2 T ORI AR R XUJZ I 45 6 3%
CT 1 Jy — T 3 B2 AR B 72 80 0 T8 1 b 9 1y
i RIZ W . IZHAR AT 4 it i 400 B BE 1 IR CT i it
22 JF (ijodine concentrations,1C) (A 3 JF )7 %t Ceffec-
tive atomic number, Eff-Z) 163 i1 28 &1 2 (M) &5
ZRE RS XSRS IR 5> TR DA G
Sk IR 12 W 4 4t B 4 T A SE AR 2 AR B L B AR B
FERMERFRICHE CT S8 Ae WU 45 5 RAS HE A
A B TE R I IR ) 2 IR YT 7 58 B B W iUS
P HEAR AR o

W57

LAFGE X 42

A FRE : O B IR &0 BIE 32 b 45 J M 9 s O R Rl
7 d AT RUZ B 25638 CT dE47 E 23358 W B 3 %
BRI O 2 RAS B R AR A ; O LA 5%ER
e PR BT . HE R A M - O WG 7 42 32 2o AT o] H5¢ b 98
BT s O K & B [m] i 28 AT H A 1 IR s O 45 B ik
i AH DG T ARAB YT B s @ IG5 85 22 A7 AE DA 3% 0 kT
WA EH . A A TY R K 22 T g B B
2023411 H 1 H—2025 45 A 31 HARHEIESLH
77 BIA5 W e A A ORI AT 8l B A3 B, H o 5
47 Bt 30 B, AR 33~84 ¥, P (6011 %,
R 4 i PRI ARG 45 SR 43 Sy 92 A8 2 (34 ) F0 BT AR 20

43 )

2. BR AR

T A A 2 SR AU S 2% 0% 1% CT (Philips
Healthcare Hawk Spectral CT) 47 I 7538 49 M 5w
A 0 BN IE TR kB S N %, KMARTAE R 6~
8 h, KA Hif 10 min 2k FH 800 ~1000 mL K , i i i
Pk . AHSECERE 120 kVp, HHTERH A
3 mAs R X LB TEFE M EE 0.27 s/r. M H A 128X
0.625 mm, #2H 0.800, X b 7 >R A WL B (320 mg
I/mL) 4 1.2 mL/kg % 3 mL/s. RJHBIH
fih 22 2 A 00 JOES WL K SF- B S Bl bk L 24 B Bk R N
CT {Hik3) 180 HU J5 ZER 10 s # 30 s 435l R 4E 3l Ik
LIRS L IESEE

3. B84 B

JeiE CT 41 4 58 WU 4% )5 ih B fls & o )2 8
1.00 mm J2H #E 1.00 mm 1) 3% 2 BRI 45 3h L # ik
WG B B8 (spectral based images, SBD) & & 5
Kb ¥R T 4E %4 (Philips IntelliSpace Portal) , 5 3| A8 W #)
JE $0L 5 B e PR L U B R R T A

HH 79 44 e AF BT S R B ik ST R AT s k) i R
DA — B Pp R 3k s — 2. 4 S AE B Bk DK O Y
40 ke VEAREHOG IS IR 1 39 B A 1) fe K2 1w, I 78
e K2 S AR B R WA Z T L E 3 A RO ER X
(region of interest, ROD) , k¥ FF B & (% I 4 . W fb 3K
FE o SR SO AR DS, R P RE DR 4 P ROT 1y K
N IBSFIALE — B, R 9 A ROT, UV 24 {8
o, WK 1, IS8 4G - 3 F Ik 40 ke V A
70 keV [ CT fH . Eff-Z.1C, I 3153 3h . # bk 301 45 o AL
¥ BF (normalized iodine concentration, NIC) . 5 #E
H R F ¥ £ (normalized effective atomic num-
ber, NEff-Z) fl Auu. NIC fH T 55 A X b NIC =
ICyix /1C s » NEI-Z {8 7+ 5 24 Xy . NEI-Z = Eff-
Ly /EI-Z gy s o TR 2 N Ao = (CT B jonev —
CT fHrowy)/(70—40) . LIES B RAS 35 58 A2 41
AL ] O BRIER BOLTE CT 228K #%
LK 2,

4 9 B AATTA

P4 BA 6 4 K LA b 2 10 B2 Wr 22 56 1) B2 Ui
VR 77 491 58 1 iR L UbRAS | B S R AT U0 TR E
WK AR ) . R A QIAamp DNA FFPE i
M & (7 E Qiagen 28 w)) M F 3R A7 W 2H 210 A E AT
DNA $2H¢, # i3 B & B 4% =X & B (polymerase chain
reaction, PCR) 5 &8 " 14 fH i 2 4t Camplification re-
fractory mutation system, ARMS) J5 i #E 1T RAS %
PRI 2 A8 R . AR WF 5 RAS R R 8 KRAS 5
NRAS 25 B Gt P o AR 4 4600 25 JKs 1 40 RAS
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1 SHHRBELAKT RO & =6, a)3h bkl 40 keV 42344 F ROI 4 & =4 ;b) 31 bk H 70 keV 42 44 F ROI 4 & 14 ;
) F B AR E ROL 4 & 74 ;d) 3y Bk A 2 R -TF F 4 ROL 4 & =41,

RARH 5 RAS ¥P A4 . 52 2 41 2 KRAS 3, NRAS {E:
— 5 DR A ) 2] AR S AR B A A R R R R T #
ZRAF  Ho RAS 36 [ € 48 #F KRAS.NRAS 3t [H £ 1)
B CHE I AP B 7 ISR AR B SE B e, 53 RAS
P RG2S I 4R B2 T 308 17 9K 20 P98 40 i S 4 0
ELORI RE A 5 . KRAS EHEE 2.3.4 AR 736 12 F
POE AR L 9 G12D, G12A. G12C, G12V,
G12S.G13D,Q61H,KI117N(1) ,K117N(2),A146T,
A146V A146P,NRAS JEH 55 2.3 .4 Fh i 73k 3 Fpk
SR G12DLQ61R. Q61K #& I i 7%
T 235 0 52 7 A e A7) e U I E AT

5.401 ik

K HI SPSS 24.0 3 AF#EAT G120 . R N
FH 5% 22 % (intraclass correlation coefficient, ICC) H %%
P S AR R BRI & 7 & OGS CT S 8B 25 R —
M ICC<C0.50 48 7m — B8 225 0.50<1CC=<0.75
PR —HE 45 1CC>0.75 488 — B L, i
BERER H Shapiro-Wilk ¥5 K 50 HIE &% 75 & &
BEARUEZE (2 £ 5) Fom , B e BCR ST AR AR ¢ K
0 5 AN 2 TE 25 43 1 2R FH e 6 B (ol o367 B ] B D 3R

7 2 TE) F 3 Mann-Whitney U #3536, 1H 809 8}
HA] R X R 56 B Fisher #f VIME R LK K. 2
il 3218 & 2 VE $5 1F (receiver operating characteristic,
ROO) il £k If 3+ 55 ith £ T 1 M Carea under curve,
AUC)F1 95 % B {5 X [A] (confidence interval,CD) , {& iR
e R 2B 8 BOAT S A T A 05 SRR B R e S B
TR A KB S8 L P<<0.05 4 25 5 BHA Si it

R

L.l PR o 3 ¢ 6}

ARHEFEILN A 77 BI45 H e B o RAS 5
RIS A8 A 34 5] (44 %), BF A AU 43 B (56 %6) . P 4H i
HAEAEW S LA & CEALCAT199,CA125 25l PR %% K
D7 R T S A 25 R (P>>0.05) , AR 1,

2.—HHE A A

A 4% = I AE 2l Jok S99 R0 i Bk B0 00 o O H 580 1 14 T
FE RN, BT A S 800 & 1) 1ICC ¥ RN K
G L 2,

3.961% CT S 848 r

%1 HEMBERASERE £ A REAAN IR H L&

AR kA 5
R 16 5 5 A RASREZS vyl
B A M (n=43) R A (n=34) zZ
FH/ B 58.74411.01 62.3549.86 —1.495" 0.139
e WD) 0.013" 0.908
% 26(55.3%) 21(44.7%)
* 17(56.7%) 13(43.3%)
CEA/ug/L 1.99(4.76) 6.85(21.70) —1.469¢ 0.142
<3ug/L 27(60.0%) 18(40.0%) 1.291° 0.256
>3ug/L 14(46.7%) 16(52.9%)
CA125/U/mL 10.62(7.43) 9.53(5.86) —0.981°¢ 0.327
<35U/mL/4#) 33(58.9%) 23(41.1%) 0.402° 0.526
=>=35U/mlL/#) 3(75.0%) 1(25.0%)
CA199/U/mL 8.41(13.75) 10.87(20.59) —0.612¢ 0.541
<37U/mL/#l 37(53.6 %) 32(46.4 %) 0.379* 5
=37U/mL/#l 4(66.7%) 2(33.3%)

i :CEA A JBIEH R ;CAL25 A4 EFR 125;CA199 A ERR 199;° AL MEH V.Y H L. A Z M FHBREESH . EA T+
%% .CEA.CA125 #= CA199 R R EA5H KA PEK (@@ AT, o EF hFFAFREDRIER AL . CEA.CA125,.CA199 ¢ A

) F A Ay 75 81,60 41,75 4,
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fie (keV)

B2 2%.3.369. A% HEFPHIURBE.RASLAEE, REEZMILT, 0)3® CT B b) &4 F 4 %2HEHE, X
2000 FHF R BER (HE, X200);d) 3 bk 2 40 keV M E 582 B4 ;) S BRI 70 keV B ML 4 F B AL D 3h bk B a ik
B3 kA R T A2 ) #H AR 40 keV EBE 4 FTBEAZ D A HIKM 70 ke V B WL AL T BAL ) H AR A0RE A k) #
BRIAA R F AR B DR RS AR )R L E R4 ER,

k2 URERESHH A GHMENENANA X ZHCO) 5 A5 A F T A AL ) A Bl kO RN R Bk B CT
g CT A4 2B ICC(95%CD  #ak 3 ICC(95%CD 40 keV .70 keV fE & A . Anu . IC.NIC.Eff-Z #l NEf{-Z
10keV 0.926(0.883~0.953) 0.930(0.890~0.955) 5 2 R B HA SRR L (P<<0.05), W3k 3,
70keV 0.883(0.817~0.926) 0.852(0.767~0.906) 445638 CT 28 ROC M2k 40 b

Anu 0.947(0.917~0.967) 0.967(0.948~0.979) >{Qféﬂllﬂ§jﬁﬁﬁl‘l‘$’%&>‘4% j\Iﬁlelﬁ CT 72‘@@3/\
IC 0.947(0.916~0.966) 0.966(0.946~0.978) ROC i 28 4 B . 25 50 5 o7 NIC oo 76 03 25 5 1
NIC 0.888(0.824~0.929) 0.831(0.733~0.892) O R o
Eff-Z 0.934(0.896~0.958) 0.966(0.946~0.978) RAS He PR 22 ) AUC {2 0.880 (95 CI.
NEff-Z 0.872(0.798~0.918) 0.755(0.614~0.844) 0.800~0.959) , S FEAR WA 0.654  BURIE H979.474

PR R 86.0%0, TR ILER 4 AA 3,
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%3 BEMERASEATLAARTAXECTHERASHNR

b o , RAS R TR & 1/

it i~k
x# CT £ % A 4 (n—43) %% A (n=234) z P
3 Bk 4

40 keV/HU 180.10(19.50) 187.28(14.88) —2.949¢ 0.003

70 keV/HU 79.42+7.88 85.25+7.52 —3.287"  0.002
Auiuap 3.33(0.45) 3.39€0.33) —1.976° 0.048
ICrr/mg/mL 1.66(0.23) 1.70€0.17) —2.187° 0.029
NIC 0.16€0.01) 0.20€0.03) —5.778°  <C0.001
Eff-Zup 8.22€0.11) 8.24(0.07) —2.046° 0.041
NEF-Zp 0.75(0.03) 0.78(0.02) —4.721°  <0.001
# ik

40 keV/HU 208.70(19.00) 213.40(21.90) —2.606° 0.009

70 keV/HU 90.00(8.50) 92.90(12.17) —2.072¢ 0.038
AHu-ap 3.98(0.57) 4.0500.46) —2.119¢ 0.034
ICvp/mg/mL 2.0000.30) 2.03(0.23) —2.135¢ 0.033
NICyp 0.45-+0.03 0.5040.03 —7.164"  <0.001
Eff-Zvp 8.35(0.14) 8.38(0.1 —2.281° 0.023
NE-Zyp 0.90(0.02) 0.91€0.02) —4.427°  <0.001

& AP VP 53 h S B Ao e Bk 0 BRI AP ALY h (AL Z AR, BRI T0 keV AR AR Ao BRI AT AL B B R E A 5 A L R
A xts RF A RARRHBRESSH R T A28 (0512 BRI A7,

k4 RBECTEESAREBATMNEENE RASEER R &

Fit CT Ak A& 7 AE AUC95%CD HRFEHK BBRE/UN BRE/Y
CToar 174.750 0.697(0.581~0.812) 0.307 91.2 39.5
CTronr 81.400 0.693(0.574~0.811) 0.357 70.6 65.1
Au-ap 3.180 0.632(0.508~0.755) 0.307 91.2 39.5
ICap 1.585 0.646(0.523~0.768) 0.336 94.1 39.5
NICp 0.175 0.880(0.800~0.959) 0.654 79.4 86.0
Eff-Zap 8.185 0.636(0.512~0.760) 0.313 94.1 37.2
NEf{-Zp 0.755 0.812(0.705~0.919) 0.590 85.3 74.4
CTove 219.200 0.674(0.552~0.796) 0.325 14.1 88.4
CTrove 95.250 0.638(0.509~0.767) 0.319 41.2 90.7
AHu-ap 3.760 0.641(0.518~0.765) 0.277 88.2 39.5
ICvp 1.825 0.642(0.519~0.766) 0.297 97.1 32.6
NICyp 0.485 0.858(0.772~0.944) 0.626 79.4 79.1
Eff-Zyp 8.325 0.652(0.529~0.774) 0.295 85.3 44.2
NE(f{-Zyp 0.905 0.785(0.680~0.890) 0.479 73.5 74.4

i :CT40 #= CT70 & A &K E K% CT 40 keV o 70 ke V #9 2 B 15 ; AP o VP K A 3 bk 29 Fo Bk 0,

116 ROC Mtk :
0.0
0.6 7
jid = b
1§ / AL 1§
CT40AP
0.4 / CT70AP
1 —Isg;;enmom
i —Now
0.2 — NEffZAP
% BEL
0.0
00 02 04 06 0.8 1.0
RS @
& 3

AUC & X, % 0.880,

AW BTERIOLHE CT JE i 2 80 1 45 1 1
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ROC fith
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0.0 rJ /
0.6 -J A
/ LR
CT40vP
0.4 - CT70VP
SlopeVP4070
cve
. —NICVP
” EffZvP
0.2 — NEffZVP
pEL
0.04
0.0 0.2 0.4 0.6 0.8 10
IR

Ki#ECTAMARTAML AR EEF RASER £ %6 ROCWLEBE, a)ki#CT
FHARA A ROC W & B ;b)) kg CT %M AHK ROC WA B, FiA A% P NICy 8

R H RAS R i .
25 B 4R L NICp 75 7000 25 & M 8
RAS He PR 5 748 rp A7 458 i 1) $300 28
fit. i AUC A 0.880 (95% CI.
0.800~ 0. 959), # ££ #& Wr 16 4
0.654 . BB E Ry 79.4% RSN
86.0% . XFEMEIE CT &S
FE U 45 5 e RAS JE R 2848
J7 T AR 40 T 7 A il R S
R TR I R [ 7R
RAS K 28 2 $2 fit 1 52 R ¢
i

RAS H P F 24345 KRAS
NRAS K, KRAS 3 [H 7 F 12

SYL R, T BB 5 R A0 G T Al A T4 A
SRR, R R BE 4R A 21 X 10° 9 RAS B 15 ; NRAS
FERAL T 1 Sk, Jf H 5 KRAS KK 78 1) fig
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A AT . KRAS 5 NRAS 3 [H 2 748 v] 5
RAS 8 FRF 2206 » $E1 300G R iF MAPK {5 5 38 %
AR 2E 40 34 5 00 okl A L R T B & 51 R ST EGFR
JPRCF B A . IR RAS 5 IR 28 78 fil &6 ) X
45 1 eI SOTAl KBS B A R Y L5
F1R) 56 DR ARG 00 5 3k T B3 ok 4 LIS G SR BURE AR L TR R R
APES BRAEE 28 e AR B R R, R SR 2
B AR A T 9 A F R AR O T A — 2 W T, i
Filippo &5 W 5% & /R 3% T CT Qe 4 #r ol F T 10
SEE M RAS FE 58 AR AR D0, B /Nl 5 AfF 58 3
BT MRI AR A 22 7R A B 356 8 58 48 0 5 B A
SUIL ST HT S AR 2 W A7 A R A 42 A % R) AT
ZEEPRER . BRI BRO6 R CT — W 4 vl [a] B
PG e AR AE = (5 B L Godine density, ID)
R 5055 2 e S 80 nT A R A7 2 004k BoR
KRS ATt BRI, BT O CT € 38
O RAS 56 H = AF MBS . L R — R T
J6i% CT W2 T o B 5 09 5248 7 R T 380
RAS B [H 248 HoA HZ A IE R & L.

AR FEXT RAS 3 F 28748 241 5 87 A 21 /8 3 AR I
PR LCEA .CA199 F1 CA125 %5 Iifs K %5 B 45 4% #E 47 b
BLCRBMAL 2 Rt E L, s CT 24
SHRATHT T AR BT R IR RAS J PR B 2 20 128 A8 2 1
Sk MK S B R T I A E R E R X2
AR RAS B K 5 72 5/ B8 08 18 45 I 88 119 26 ) 7 e
i TS W 63l CT 2 & S 808k, AR F5E &K,
NIC \p 75 5 45 B W 9 RAS FE R 58728 rfr oA %5 i S fE
Srivastava 2" BF 5% 2 W1, RAS 5 [H 98 748 i 1 380 0%
MAPK @ A2 3 1L 4 9 J2 4 & B F (vascular endo-
thelial growth factor, VEGF) ) 2& 15 . M 10 £8 i fi 84
A A B, R A 22 TAIE 5 0 HIE 92 NIC fi % i e g A
PRI AR5 A0 T A o S AR R A S R il A A iR
B AR FE R NICap X 45 1 9 RAS 2 K 28 75 1
DN H o A3 A LR AT BB S RAS BRI 2748 5 B
BT B A R B I G A I R B 2 T AT R I
P38 i, 2 20N BB BCRE B T, SO Ah AR R
NE-Zp X 25 B W i RAS 5 R 2 48l B AT 55 5 19 1
AN E . Negin % HF5E 7R NEH-Z B8 W 4 52 e fip
Je 1) AL U B R A AR Ak LA BT R I RAS R %8
AT RE 23 ff IR 200 B A % A AR AR A M A i T
P B R S A B i s B ARG R NEH-Za A
BRI E S S RAS 56K 5848 S 80T i 4n i
B B BN DA R s U RRAT 56, iX 5 Cao SEN R SR 45 R
—H,

A ROC o3 Hr R B, NIC . 19 AUC f2 K,
}0.880(95 % C1:0.800~0.959) , e AE#K Wi {8 4 0.654

BRI N 79.4 90 FE S BE R 86.0 %6 $ /8 AT B 4y () T
BURE. X R NIC.p B 5 4> 17 Sz B it g 1) i 1t 4%
o 118 R R S R e NN 11 A AR 2 LW R
RAS JEH g2 A2 R A A I PRI FH AN (B . A BF 5% [6] B
5 KRAS I NRAS P Ff 5 PR 28 48 2 A0, 38 2o fff %
i CT B AN W $2 M 2h ) i s 284k, SE i T
XoF e 988 4 2 AR R0 4% B RR AR B 25 A VR A L SR TG A S
RAS J K 28 48 $ it 7 L it
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