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Photon-counting CT virtual non-contrast replacing conventional

non-contrast CT for evaluating colorectal cancer

ZHANG Lele, ZHU Lina, NIE Kehui, GU Yanbo, LI Liming, GAO Jianbo”
(Department of Radiology, the First Af filiated Hospital of Zhengzhou University, Zhengzhou 450052, China)

[Abstract] Objective To investigate the feasibility of photon-counting CT (PCCT) virtual non-contrast in replacing
conventional non-contrast CT for evaluating colorectal cancer. Methods PCCT was prospectively performed in 50 patients
with colorectal cancer. Subjective and objective evaluation results were compared among true non-contrast (TNC) , arterial
phase virtual non-contrast (VNC-AP), venous phase virtual non-contrast (VNC-VP), arterial phase pure calcium (PC-
AP) and venous phase pure calcium (PC-VP) images. The reduction rate of effective dose (ED) of dual-phase contrast-
enhanced scanning relative to non-contrast plus dual-phase contrast-enhanced scanning was calculated. Results TNC,
VNC-AP, PC-AP, VNC-VP and PC-VP images all met diagnostic requirements (score=3). No significant difference of
overall imaging quality score was found between PC-VP and TNC (P>>0. 05), which of the two were both higher than that
of VNC-AP., PC-AP and VNC-VP (all P<C0.05). No significant difference of lesion conspicuity score was observed among
PC-AP, PC-VP and TNC (all P>>0.05), of which were higher than those of VNC-AP and VNC-VP (all P<<0.05). No
significant difference of CT values of tumor regions, adjacent nontumor intestinal walls nor subcutaneous adipose tissue was
found between PC-VP and TNC (all P>>0.05). The contrast-to-noise ratio (CNR) of both tumors and liver on VNC-AP
and VNC-VP were lower than those on TNC, PC-AP and PC-VP (all P<C0.05). Compared with non-contrast plus dual-
phase contrast-enhanced scanning, ED of dual-phase enhanced scanning alone reduced by 38. 92% ([11.72£2. 67] mSv ws.
[19.1944. 38] mSv). Conclusion PCCT PC-VP were more comparable to TNC images with significantly reduced ED,
which was a viable alternative to conventional non-contrast CT for evaluating colorectal cancer.
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[(MESZEES] R735.3; R814.42 [XHEFRIRAE] A

W IR A E I SOUP Al TS e B RO S 1
3 CT HH A ki) BB R R M A A 2,
FY R E AR EERE CT B (virtual non-
contrast, VNC) AJ 45 % 1 i) 8] L AR 58 5 7 =, L E
N T 4 B Z AL/ A BRI
CT (photon-counting CT, PCCT) 3 H VNC I 4 %
#E4k (pure calcium, PC)YE 1L, J5 & 1] 78 F= LK) [R] B 5
G A BA A5 A0 B 2y S F O A A i L
S5 AR AH T IE . A TR EL PCCT PC J2 VNC
BIEBACVE I CT SEH 1A 45 B i T 474k .
1 BBE5AHE
L1 BEZEXTG R 5 A 54 N K 2 5 — B ) = B
2024 £ 9 H—2025 4F 6 H 2 PCCT K& I 4
RJG R EAR2 0 50 145 B . B 28 il L 22 i, 4F
% 33~87 & EH(61. 0410, 9 & skt T 1% 34
Bl KRG 7 BB ORGSR S B 5 L2 B 2
i), K25 By T T4 W 25 1 B, R 5 e BRE S 48 1] Sk i
I 2 161) kg 280V M 9 5 HIE AR R A T 422 A7 B Al B IR 9T A .
AT 28 e 48 B 25 51 S I vfE (2024-KY-1106-002) , £
BB BEAERES,
1.2 #5747 KM Siemens NAEOTOM Alpha
PCCT HLATIE &1 43 S 3y s A3 1L 45 o K 140 kVp. A
& L 8 ) B2 R (CareDose 4D, IQ level=190), X
LA 0.5 s/rot, #E L AF 144 0. 4 mm, BRFE 0. 8;
2 BT R OBK LW R 2.5 ml/s TE B Bt #hom
(370 mgl/mD 1. 2 ml/kg &5t & , T I 3 2 Bk 5 {8 3k
140 HU B ZEiR 11 s 473 ik (arterial phase, AP)Hd
Wi, Z G HER 35 s AT ig Bk (venous phase, VP) 1,
43 ILL VNC J PC Hik#E @ VNC-AP,VNC-VP,PC-
AP K PC-VP K 4, & @& 2 )E 1.0 mm, JZ [ B
0.7 mm, E#AFEL 60 keV.QIR4, T H N Brdo,
1.3 TFhEMG R
13,1 FEWWS REEGTIEREE . h 2 2E5A
SAELL LR FIL W A B AR R E DR (BRI 1.,2) %
JH 5 43k PE A AR R I e B B R 0 R Y B R - 1
a3 o kb 20 i K ) B2 KA AN 3 A T AR PR S R T S B
AN RIS WK 5 2 41 i i S R R 5 A i %
RO, R PR 52 B Mt s 50 B L S Wt R 2 W 25K 5 3 4%
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o k320 5 i U O o ] LR U7 1D B bk L 4 0 R AR
FURA Ph o AH KR 53 fige #0145 ¥ B 20 775 ] il J2 12 W 2
SKsd o3 kb 1 G BB A TR FEL AR D5 1) B K ok 12 45 4
FURCTE W R R 5 B Ah 52 A2 s 5 3 Ak i
ZxBUR T 1 R I TR] 8 K ik U8 485 300 55355 i R T W
W P B O 52, T AR 2 T,

1.3.2 ZEWIEH MHEI 1 F Siemens Syngo. via
(VB60) J5 4b P T 4F uf % Bt & 5L % A (true non-
contrast, TNC), VNC-AP, VNC-VP,PC-AP K& PC-
VP 57 [V e R JZ T L 43 ) T R DX I Gl T R BE
B G D5 A8 B AR AR AR I i BE HESS L/ R
JL 5 1 9 e $ ME 55 WL L B 98 0 4 8 WD L B R AR
U5+ LA B HoAth, 23 T P 09 JHF I B B 32 3 ik O s 7K P
JBCE AR 50~100 mm* {1 ROT I 5 il T HAb E &t
M % ROI CT fd; KL CT {8 b3 #E 2 (standard
deviation, SD) N EIMGMES 158 b I B JIE X5 L i gk
7 H (contrast-to-noise ratio, CNR): CNRyy /g =
(CT A& pr wme — CT AH pevopsns )/ SDyevepsns o« HEHLIHIL 10
i, e BE I 2 R4 E A A 8 A5 R T — SO AL
PLZH N #H 5¢ & %X Cintra-class correlation coefficient,
ICC)=>0. 75 h—BbE R4,

L4 G 10 s P 5 K U 3 o 4 4 500 e
Fe Fl (dose-length product, DLP) X & CT 7| & $8
#{ (volume CT dose index, CTDIvol), 5 A %5 =
(effective dose, ED):ED=DLP X k[ k=0.015 mSv/
(mGy * cm) |,

1.5 Gt 4r#r R SPSS 22.0 & MedCale 22. 0
Gt oM r . DL o £ SRR IER S R BORE A
PR AR 8D RORAFF G #F . R Friedman
R AFNAG: 50 125 R AT 22 2H 1) P 3¢, 22 S A7 G 2 5 S LA
Bonferroni ¥ % 1E 09 3 J5 £ 30 47 W ™ L . R A
Bland-Altman 43§72 F VNC-AP,PC-AP,VNC-VP,
PC-VP 53 TNC Fril b X 4 | 48 3 35 83 I B |
L/ RN HES B 07 L E B s E Bl ik CT {E /Y —
ik, ML oo £ 1,965 /E o — 3tk R (limits of
agreement, LOA), Ll Kappa ¥ 56 BEAL W28 & 8] 3= W0
PEo 25 ) — 3Pk (Kappa>>0.75 F—F M B ).
P<<0. 05 8 ZRA G EE X,
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2.1 FWMP 2 HEIEH TNC,VNC-AP, PC-
AP . VNC-VP K PC-VP EZ SR 5 8 K im0 ki
W BE B — B0k 2 B4 (Kappa 0. 757 ~0. 865) , K% 1y
A2 Wi E K ; VNC-AP,PC-AP,VNC-VP K PC-VP
Sy s 8.9.2.2 A7 7E T P9 I B R L 1 Il A
e SNETT T 3k BG h Y A7 AE i 2 P 52 3 EHR R VR
B 3. AR EMR SAR T PP ¥ =4, 45 E
6 SR i % S R 0 kY T 22 A SR e
(P #<0.001) ; Hovh PC-VP 5 TNC EM§ SR i &
WS L% E X (P>0.05 H¥ & T VNC-
AP.PC-AP K VNC-VP (P #<0.05); PC-AP, PC-
VP M TNC 575 9 k1 35 Wi B 0 4 22 R B B G it 22 &
(P #>0.05) H¥ @ T VNC-AP Jz VNC-VP(P
¥j<<0.05) ., WE1 KE 1.2,

# 1 TNC.VNC-AP.PC-AP.VNC-VP ¥ PC-VP
FEG M PE 43 3 (n=50)
Pl 1525 3 A 3 9 A T
TNC 5(5,5) 5(5,5)
VNC-AP 4(4,4) 4(4,5)
PC-AP 5(4,5) 5(5.,5)
VNC-VP 4(4,4) 4(4,5)
PC-VP 5(5,5) 5(5,5)
F1H 96. 765 76.140
P <20. 001 <20. 001

2.2 EUMIEMAEAR 2 2 B AT & W PE A 48 b —
HM R (ICC 0. 886~0.992), TNC,VNC-AP,PC-
AP . VNC-VP K PC-VP EL & W IF A 48 b oAk 2 5
WA G L (P ¥<0.001) ;3T PC-VP 5 TNC
VT S 0 f e DX 5K | 08 30 A 97 P e K f2 R BRI CT (H 2%
S G L (P ¥ >>0.05), PC-AP & g X
B, CT % T TNC.VNC-AP,VNC-VP & PC-VP K&
(P #<20. 05) ; PC-AP,PC-VP FHZ 4B L9 i B CT
K T° VNC-AP } VNC-VP [ (P #<0.05), PC-
AP J VNC-AP E 48 dE i B2 CT {55 TNC &l 2=
SEE G F R (P ¥<<0. 05) .1 PC-VP & VNC-
VP KI5 = F 2R G222 L (P ¥>0.05) ;PC-
AP } TNC EIFIE CT {E 315 T VNC-AP,VNC-VP
K PC-VP El (P ¥1<C0.05); VNC-AP & VNC-VP
B FHENF CT ¥ & T TNC.PC-AP & PC-VP K (P
¥1<<0.05); 5 TNC EI#f I, VNC-AP,PC-AP, VNC-
VP J PC-VP EIHES L/ R CT {6 K JE E3h ik CT
HERWA ST % 3 L (P #<0.05); VNC-AP K&
VNC-VP K g ZAFIE CNR 2K F TNC,PC-AP &
PC-VP El (P #<C0.05), W% 2,

Bland-Altman 253 & 7% , 4 b TNC &, 3 F VNC-
AP .PC-AP,VNC-VP K PC-VP [& f il fith 58 [X s, | 48 37
AE98 i BE KT E CT {7 24 22 (5 ¥ <<5. 0 HU, 2 {H 1E
LOA FRRAMY si<<4 %6 ; T PC-AP FrillHE 55 1L/ & K

®
B1 EBES.472 BRI EE A~E @A TNC(A),
VNC-AP(B) ,PC-AP(C) \VNC-VP(D) ;. PC-VP(E) & ,PC-VP & 5%
JHF R Ji 30 SR S o i AR B2 BHEY.45%,2REmB A~
E. J@ ¥ 2 TNC(A) . VNC-AP(B) ,PC-AP(C) ,VNC-VP(D) ¥, PC-VP
(E)IE, TNC.PC-AP B PC-VP 71 IR &5 W f K J2 Bl itk 1 45 i 4 3
MEEH] T VNC-AP J2 VNC-VP 575 Ik [ 45 30 8 8001 BE )4
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# 2 TNC.VNC-A,PC-A.VNC-V K PC-V K% MM 48 b5 L5 (n=50)
e CT fi(HU) CNR
21 g X3 ARITARIR A RE AR SR IL/ B R W& RR i JH JUE I =+ 3l ik Jifr9ea JHEJIE
TNC 43. 98+ 40. 00 48. 66+ —109.92+ 58. 00 42. 44+ 12. 03+ 13.08
4.47 (33.00,46. 25) 4.09 12. 29 (54.50,60. 25) 3.81 2.45 (11.18,14. 69)
VNC-AP 43. 00 43,124 52. 00 —76.28+ 60. 40+ 35. 384 9.544 10. 84+
(41.75,47. 25) 7.34 (48.00,54. 00) 8. 41 4.78 5.71 1.97 2.08
PC-AP 42. 024+ 37.124+ 42.06+ —121.00 52. 88+ 35. 40+ 11. 43+ 12.17+
1.68 8.61 5.00 (—125.25,—117.00) 6.29 5.77 2. 89 2.93
VNC-VP 44. 60+ 41,424 51.72+ —76.86+ 59. 82+ 36. 004 9.434 10. 62+
4.65 7.75 5.08 7.76 5.25 4.47 1.72 1.91
PC-VP 43. 98+ 39. 304 44. 444+ —116. 06+ 59. 78+ 35. 74+ 11. 67+ 12. 82+
5.15 8.52 5.15 10. 56 5.43 4.59 1.53 1. 61
F1{H 25. 222 60. 525 159. 975 167.533 123. 608 78. 251 72. 640 63. 375
P14 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001

MUCT {55 TNC ¥ 2% 6.6 HU, AR KBS
TNC FH 2 <5.0 HU, ZH7E LOA R IR A
H<<6% ;1M VNC-AP,PC-AP,VNC-VP } PC-VP 5
FF TNC il g2 B g Wi X8 3k CT EH-F- 218
g ok (2 F g W5 6.1 ~ 33.6 HU, i £ 3 ik
6.4~7.1 HU),

2.3 RRSFRIE RS A LT S s A S
BSR4 DLP & ED 43 HIBEAK 38. 94 %6 [ (781. 28 =
177.98) mGy » cm wvs. (1 279.60 24 292.24) mGy -

em | M 38.92% [(11.72 4+ 2.67) mSv wvs. (19.19 +
4.38)mSv ],
3 itig

PCCT 23T 4K CT B & & i) & K AR %
1, T R AR M 350 R s UL PR B I B 5 2 A &R
G A% i 90 000 () B 4R R 32 TR DG 1 RS
I i 28 e S AR 25 i SO T BB Y RE R A
25 18] 73 M v L AT AR 22 B o B L O T Ok
O3 B H AR HEAT 2240 I 43 1 AR M A B 5 BT R 1) PC
Ak AR R AR R e RS G A
U/ K b 3R 6 PR T G 10 ) st 8 B S s A5 Ak
FHF VEAS 56 bR 20 Bk S Ak B 43 L o0 A1 IS A 0 4 2 AR B N
WS T VNCE

AWFFREEH s . A e VNG, PC W 5 52 F R
CT fHH 235 TNC, v] Be 5 Fo ¥y ot 43 B9 K b e b 34
4 VRETE G b i Ji LS R i VNC Jg T P J51 45 ik A
T G R BRI 7K S i I 2 20 X 4 58 0 M 5 ki vk 5 4l
BRAYZE M 4 A R 58 A DR g 5, R AR AF R )
L HET PC 5 VNC %508 TR 5 %% 5 9 2 RE AH
M ARWFSE PC-VP 5 VNC-VP Jigg X 38 5 AP CT {8
Y0 W b 22 S, I LS U R 2% SR A U Ay CT fH 2

SR, BEEHM ZF CT 75 76 )5 Ab B T AF b 35 4 4R I
VNC F{4 M i &, PCCT VNC K PC B k¥ e 7
b AR S L SN e R A

AWF5E fr 3k VNC-AP,PC-AP, VNC-VP,PC-VP
KIMG 55 G2 W2k GF 8% =3), b VNC-AP,
PC-AP % VNC-VP,PC-VP T 5 i $0JF W 1l %5 &5
LS 2N A RN RS SR G TN SR il i e
¥=4); Hip , PC-AP,PC-VP 5 TNC & 75 % kLW My
EWa R LRI B X A¥ET VNC-AP &
VNC-VP, % &5 VNC & i i % B 1 = 800 kX
Fb BE B AR A G

JE kK CT 8 KFRE CT {4 ¥ R PEAY 45 & 1 9 T
MR EESE bR . AWFS Bland-Altman 455 R . #H
Ft TNC &, % 7 VNC-AP,PC-AP,VNC-VP K PC-
VP i I e DX 48 3 AR 9 B e R HFRE CT fBF- 1 22
fE#H<<5.0 HU. &% PCCT PC 55 VNC # A &%
HCT FHEAG A HE, X T 88 IF 5 8 %, PC-VP
T TNC,VNC-AP.PC-AP } VNC-VP, f] i VP i}
SRkt 15 ) 1R 2H 2T Lo R T G T R R 2 A
XF G OIR BE o RAF B X b BE AR UG R . ASBIF5E v, A
FEAF-43 -+ BB B s 454, DL PC J VNC B AR H B4
A ED K 38.92% .,

25 FRFiR, PCCT PC-VP B H 43k TNC,ED & &
A, I AR R ML CT 1Ak 45 W o S P36 8.
{EABEFALH B Bty FEA A BR AU AP K VP %¢
AT E A, Tk PC EHZSHCN 60 keV. BN FE A
FiAK il Z P O — SRR AR TR,

Had R . AKELEEFRALAENFE,

Tk SRR RAF R R Ao E e BB AT AR
B S E E s RO AR SR L R TS
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