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Research and Application Progress of Dual-energy
CT in Prostate Lesions

LI Yize', CHEN Ziqi’, ZHANG Luyao’, CHEN Yingmin™

a).Department of Medical Imaging; b).Department of Urology,
Hebei General Hospital, Shijiazhuang 050051, China

Abstract: Prostate lesions are common in middle-aged and elderly men. Dual-energy CT (DECT) can capture projection data at high
and low X-ray energies in a single scan, significantly enhancing its ability to differentiate substances compared with traditional CT.
DECT not only provides routine anatomical information of lesions, tissues, and organs, but also generates virtual single-energy spectral
images, virtual decalcification images, effective atomic number diagrams, iodine maps, electron cloud density maps, and other energy
spectral images through post-processing. Additionally, DECT derives relevant quantitative parameters such as iodine concentration,
standardized iodine concentration, and slope of the energy spectrum decay curve, aiding in the functional evaluation of diseased
tissues. This capability is crucial for the early detection and qualitative and quantitative evaluation of prostate lesions. Numerous
studies have shown that DECT has great potential for the differential diagnosis of prostate lesions, preoperative staging, and proton
therapy. This article reviews the research and application advancements of DECT in prostate lesions and explores future research
directions.

Keywords: dual-energy CT; prostate lesions; differential diagnosis; proton therapy
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%3 BRH . 22 ZH0 MRI 2 PPl AT 21 IR0 11
RER AR AT B, HEAMN R, Ml
B SAHER BN G R TR
DECT 1F 4 —FARR AR = A 7%,
2 FRENS AR SOE RS H, WO TS B AR A
R RIIRE AV, H AT CAERT 2 BN AL 132 W
L BAC . AT LAY L TR T -
ARSI DECT A i 5\ i A2 IR 730k Ji& kAT 253 o

1 BE/RE

DECT ML 24 1973 SEFEH ™Y, HE
£ 2006 A T IRAENRIRBENAL Y, g 3 2
ALFE Y A RO EHOR . IR N RE &
CT. XM HERE CT. YR I HE e 1) 30 X0 g o
CT. MZHNM s CT. He i CT 46, XLk
DAL s Z NP CIES PPy R/ € BE i E s WS E /N
s KPR R e R0 X 2R 2 ulfE 2, Wid)s
Qb BB R W] R AT A IR e 1 AR G R UL R 1
% (virtual monoenergetic images, VMID). FEf 245
(virtual non -calcium, VNCa) 5214, . H40R
FIPEE S = B R S T ReAT ARt — R &
ZE ik ¥ (iodine concentration, IC). Fr#EfL
ffty ¥ (normalized iodine concentration, NIC). £
R T HL Ceffective atomic number, Z) MEEIEEE
Tk £ R1% (spectral Hounsfield unit curve, Ay,) %

R P AR R B A A — IR A
A5 FH P RPAS ) R4 o R B AT e BE 44, NI 75 320 P4
BRSTEAC X eng s PUEBOGHRAESR CT
SEAE X 2 2R 1) L i i — A R L R,
#4120k Vp [R5 26 R 73 254 68keV HI 86keV 111
T, AT SER e B s UL e & CT A2 A
FH W A1 BT 1) X5 2R BRAET JORT I TR PR 45
ZHIVCFEEAN . AR T, —AERETH
RE R H—MEA&EE B, AR Ao
] fiE e X 2R 2 A5 s USRI A F s 1) 8 X
e CT 2 75 ML AT i 5 I R X0 2 BR A 1R
LI HEAT BRI )36 (80kVp FH 140kVp), A SEIL
MEEE KA XZTRM A6 CT 2420 #s 7k
ENWE, BRI EE ISR SR, R
WOl X e P IAIRREDG T, T 2 WA A Ak 2L 4
AR P R BRI, FH RO Be G, AT
RIFARE A s D18 CT &l il e AR
e B AR, KRR IR I G 1 v SR I 2 (i Ak 4
BEL IR EE) SRAS R B 2 MO [F] BE RN X 2 qX
B SELRE RS (spectral computed tomography:

fundamental principles and recent developments) "',

5 H R CT MLk, DECT XH# i i) £ AEBE K
KR, AR AR AR BEAT SRS v AR 5 1 A
IHT.

L1 EMBEEEERE

R4 CT MiRG R, WA S4BT AT
CT {E A7 B LA AL, 3 DA I3 b %o JL AT %5
SiZWr. DECT 7E414 45 A Jm il i F i v 3k — R
FIAS [\ B e B KOF I VML, 22 00T 9830F B, A%
AE 2 VMI 0] 42 1593 A2 AR T 4 23 22 0] 5 bL JE
A BN A R kS U s e
VMI A Bl 0k /b £ AR Ak B4 52 5 TF AL T 40 Oh 5%
& 8 Ay 52 Pk D B R AT WU AT A S B 9 VM )
fili 3 — 2D AR O B .

RE T i 2 fe i T 4 AR AN ) X 2k fig s KPR
MEWAE B (CT D, HFR—ALRAEANFRER X
LN REIRANE], ANFRIHSUE [ —REH X 2 N )
FIRAA, Fk, ARIMAR LA ARG h
N0 Ay LT AL G B, it LA
FRALZA A TT RIS AT RIUE, A5 005 1R 12 T 4
P E ) ERE .

1.2 YIRS BERE

X 25 ) I PR AR EAE FH 2 2 O H O Rl e
WAL, X PR RN S [l e T X 2R sk, A
A ) 0t T AL 2oy AN ), BRI, J X2 3 ik
REABAA

FEAT 2R X 2 2 ok R HHR n) i — AN B
XFHY X SRR EIEAT R AL, AT AT S A
JSA3 AT S A ™ e d i R SR TR 22— ORI
/K, 7& DECT #4545t , k¥ s & a9 3
(T Pl S e 7 5% LA AE AR P i o AR R, Tl ik
USSR X ] 15 112 DSk (IR, M AT e — 2
FRRE b WA A M A1 D0, T A v A A A 255 )
JEG R IX (1A P55 5 ] J2 T = 3 ke 252 ) LA™,
A BT HERRA A I B S i O 22 5, N
LG ZH 2R M3 50 ) 27 1 LA T VAl

A, DECT 4547 1) VNCa 832 m] R ] =
WO R R 2B i A, AR R IR PR A ek

Al g,
1.3 BYEFFH

n R BEAL A ) R S N X R S O R O
FOCHE M LR B R,  Wi% 03 1 5 7 2R
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HEMA Y SIR A BR TR G A RIALZH
AR P HEA —E MR R, 5 X&MaEE
%3‘%[1110

A b ) 4 B I RV A A 3 i HE
IERR, DAY I it A= A 27 350N R FE R »
L F55 T A 20 SR B ORE A R B R AR R R bR 5%
BRI . DR FHabndE™. T
AN AL B A BUR T IREOR R, AR
— R EIAR B, TR AR 12 W A %03
W ARET 3 ISR AL B R AR A R
2 NMA
2.1 REMHRTRLER
2.1.1 RMFETFIRREE SEER AR5

JE% I g A o 5T 5 4 0 PR AR B AR 5 e DL PR A
g, dFRT 50~70 2, LUREEZ L, JLEEHRE
F I A I IO B 1 TSI ) s PN 5 A R AN RO e 4
SR, FEFAEMAERE B, RIERTSI IR 2E (benign
prostate hyperplasia, BPH) & 5 15 & tH LI =R 7%
WiAE, 60 % Y1 BPH [f A %A1 50% LA B, &
& BPH 0] S 3UB5 It FURERH,  H 5 5% e g AH AR
SER o« BEAh, BPH I 2 55 Wi R A6 1 35 2 5 16
K2, —HEH R AAAE",

IR b, 5> BPH 5457 sl Hpr 52 1) 155 bk »
I AL 48 CT M LS e AT X 45 il TS e B
R A 12 NP B HJC 10 U %% J&) [l 5 a9 S itk 12
SERERSTE DL, 4 B MIRT (R4 M 2 25 i A
VF % 2 8 2288 ] DECT % BPH 152 bt g HE4T
L Sip

TN 25 20 5B IO i B A 21 491 1 4 i 38
A g NN 1) 523547 DECT “FHIk 2, &I BPH
MBS WEELE 40keV HLRERFLAZIN K CT (H2ZE SN,
HELBEERE ) Ao W 52K T BPH (0.86 vs. 0.25) o Chen
SENPE— KREAC R 61 Bl e & 57 9] BPH
17 DECT 434, 151 T 5 aE R &5 5, b
I8 R IR W 1) Z. KT BPH (7.99 vs. 7.80); -
1 40keV HLEER ARG CT X BPH 112 B 4 BE
BetE, MPIME <73.4HU K, 3L AUC. REE M
SIS 0817, 77.0% F1 82.5%. LiRWF5TE#
W D 2o Zop PTERZRI AL N IR 5y, AT B T 00
b5 e A BPHL 1) 5 MR EAT o = a0 M s TR AE 2]
VMI U 40ke V) JUJ I8 ik 389 I kb 15 J [ 5%
(i) 1) 22 e SRt R 0 LU R I s L, T4 T 77 % B Mk
Jie ) BPH 1) Sko S S0 e, NI Al e — i B 2

A NI RIS A O

IEAh, 2RI 27 45 e & 22 5] BPH
54T DECT a3, X 37 s b arwr, 45
TR LI e AE SR 40 ~ 60keV A BE 1 15 1)
CT fH. NIC X Ay 34T BPH, {HJB It J BPH
TER K 40 ~ 140keV HLEERE LR CT . NIC X
dy INAEAEGE T 2 2 57, $oR 38 s g1 41 2 ik 39 mT
AEHE X 2> 3 M B i 2 W A s i B B 1 NIC
w1 BPH, IXAJRESE T B Db % v Az, 3L
LA A S R 20 53 4 1A 5 EU A K, o A I A ) i
JE T AN TESE, 3 I B4 o O LU FRER S %,
Fe WA v S WO L 0 A S, 1R R D
PREYAE— e R RN W i (5 .

HATAH R R T WIS R R B, W=
BPH 5 A [A) S Y 0% ki (1 S 2 e, A it —20
RIS
2.1.2 RMFTFIRIEE SRR ERL5

U Z0 MR8 998 2 A0 A 3K 55 M S0k oo o s 3R
24, BETIEJEE S A iR A BPH SRR
BONAEL, ARIRYT Ik SR AR, R ST e 1)
YW K EE . £ 5450 MR A T 25 g
B2, TR s, B A LR
HKEHERIZ W, DECT RHRZHIATESH, it
BEEE PIhREE R, A TR RSN AR 1
PE R 8 T BT, A R A e 2 A I ARk
WL

ik e LS00 38 AN HT A1) I K PE 45 1 (BPH
KriB s, IR 1 DECT 8458 5% 3047 % b 4y
B, B HT B I g 2 Bk I T A s o B 1)
NIC #4751 BPH, {HM# 71 75keV HEEEZE A
] B AH ) CT {8 Je CT AL ZE AN AE G 22 % 57
XAl e SR EE T REEACT B IR LG RE o R A 2
4 5%. Zhang S5 HE— 5 %) 52 ANETHIIRAN A RO
PELE T ()38 5 DECT WFFUHR H . Bh k] NIC #i4
X HT A M e RS WAk RE . B > 1.24 I,
AUC. R FRs 5 BE4r R 0.87+ 88% K 71%.
X ] RS TR A g 1R RT AR U A A AE, R
MR SERE, AR, 0 BRI A R s AL,
Tk FL R A, T BPH RS % SR, A%
BRI, SRR LR e, 0 LEAE B,
RN K W AL . XSBHAEME ] DECT %t 84 /Ml
FIMR R S5 W AT AT, 45 5K BPH 7R
fICAE VML Y CT{E ¥ & Tar s, &
REZN VMI 1) CT E WY ANAEAE G 4 2 e, X 0]



68 CT Bip 5 M AT (his0) 34 %

REJE T s et X i e I8k, BPH M
HI M B W] Wk, CT HIBAC: thah, bl
it BPH I Ay M Z Y0 TR A I, X W] RE
J& BT AU R 2 2 gy B A B —, BPH U7
AR WA TR IR W ARG ZUR E Rz 4n e, 50 BPH
DU LR v LR

TR m UG TR S S S W, XS A
HEFE AL 60 ~ 70keV VMI S 117 41 it 1 58 1 5 2% 30F
ATREE R s TR Ipg AEAFEIIN AR Y S s w41 Jli A
(AL AL KT S0keV, AR ISR AR
SUIAR B A5 ot SO B P e 78 L 3 v TR SR B e
G XTSI AT 41 AR TN 40keV
WoRE k.

g b, AR A I AR ) e B e KT
S AR A AR SR, X TR SRR £
ARA EAIFOEFAFAEZE AT R, RRA R0
&K

R IR, XHERE AL I DECT A B)
T g e PR A & ST A RS Cclinically significant
prostate cancer, CsPCa) M I IR JG & XA 1) JIf I
( clinically insignificant prostate cancer, CisPCa) ,
CsPCa 5l Jik ] IC. NIC. Zeff & 40keV ) CT {4
¥ 1 CisPCa, BBk 1C K 3l ik 38 5% 43 £ 0K A
PSA /K F-X} CsPCa M2 Wi &k e fem, L AUC. R
R SR S FE 43 i R 0.9231 89.3% Al 100%;  {H
CsPCa [ CisPCa HJF#IIK DG 2 HON B AT AE S
e S, HRBA RS CsPCa ik AE KR
FHUMLAEAR A L IUIAZE, AL BT I 2 £ (8
BARHTEL

i A i CT RETE AT S AN [ 95 A2 2H 24 1) i A A7
ol RBEEE DA, A B TSR &
BPH A1 1 SERE 1 550, A p 3~ AR ) e
(25 (15+3.2)mSv) ™, IR EAIRIZIFE. X0
WA CT d KM TR s E @ 5k L AshE
H L /A LR TR TR R, A B T PR AT 1 e S
e, ML FT SR CT FEVE B A N F BSR 7T RE o

kb VB 2l 2 3 AR MR AL RE /= CT X 6
BIRTAI I 3 5] BPH #1810 2O B #H AT CT #EE
9, 45 BRI H) B g 1 WE T 3 U I ) 1] R AIK
7 BPH 12 PERAE, 3 HETE 1 W I ) 1] i o 48
M FHWEESH AN, R AR
AL A CT P Y CREARGREL N
(3.5+0.3) mSv), $RXE A RE 7 CT 7EHE) i
FJB% CT RETE I PR N J7 AT 2898 . (I
FRFEARTRRDN, A IEHTHMNE L BREIAT RFEA

BRI HE— 2P 73 CT BEE X i 91 s (K12 W 2 RE -

Zi EPrTik, DECT REWAR K R A B S HON
HIT A B LS P A2 O A O 2500 AT B S A0 {1
AW TGRS K. A H AT E= DECT £t
XIS B K 55 W Jeet P 5 36 2 T IR IE 9, SRR AT
R

2.2 HIFBRERE BRI K L RSB

B B R 1R 23 DRI B 45 3T (W76 7 S mes
DASE A 2B A7 N () R 2R A7 R R R, 2 A A7
FEMR B 25 BB B 2 o I T AR HE, U E TS
HEENREZ

TESESH RN TR U, B K5
SENE M T BRI AT, 5 2 BIA A
SRR B RE MR, AR P X SEAIE G ok A IRk 1 &5
HRBAA 2 rRRYE. K TS, B
AR > 10mm 1R A R PRk T 25 12 Wiks e 2
—, DU RS TN 12.8%/99.0%, B FHPESR
%‘z%[ﬂlo

Lennartz 25§ [Tl DECT i Jlk 31 1C %} 34 151 i
H g R ) RO R S AT, A R R
RO IC w T REB IR E L ((1.9+
0.6)mg/mL vs. (1.5+0.5)mg/mL), ILiZWi#H M
MRELEEH AUC, RIS 0.72. 81.3%
e 58.5%, PHVEZRE R, X nlRe& il THF500 4
AR S T IR S N Tk B REPE R B 4, i
FoE S P IC Thimr, PG, BEITAE ROk e
SEEERS I N2 G 2 R SE RS S E e
PR RS VAN A B A HEAf -

I Z I B A% R 23 R I h B Al i e #
SR, L6 R iy 4l R AR 7e A% 48 CT v 5k
B G0 B R IARBL, AN T = % /7 51 Mg
WAL B R e W . R B S PPN A
RS — 2R vk, AR s HAFAE A
(R BH P2, DR B 47 3 4 0t T e B R T M A% 3
I}

RS R 3 i LA A0 B T v R A A
LN e A, 3X 5 BUK 2 A0 A AR P (1)
oz B BRA, AT 3K 2 B R AR AR Ak, 3]
AE AL DWI P Z1AS I B 7 7% SR R B R e B 3L 1)
JEPR™ (H MRI A £ e DL — R il i sk A3 4
B8, I g gk, ik, HNHZE T
— & M. DECT il — AR v SR . KN
PR X Zifig m B H, & )5 B nT 153 2
K K AT B K -FRIE B I AT A%, WK
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R FE PR H i AR

Ishiwata 557X 31 45741 M i 5B K 52 Hi1G
TR RS BT DECT “FHf A, 48K
IAHE AU R CT 218, BEE WL CT JoK-¥2
FEM KA REAGRT R B B B e R s A e R B T
W] 5 3% (AUC 0.845 vs. 1.000, & BE 71.0% vs.
100.0%, $55% 98.1% vs. 100.0%), {HiZHFFT A H
e IR, HAEARRRDN, g5 HELHE T,
AKATHEAT Z 0 ATBETE . REEAR . A,
R PR IR 5 AR e B i e AR ) ol A S R AT A
FEANTR], 038G A 1 AN ) R S 5 B A AN [ () 3
SRACR, PR, FRATT AT A oGS BRI R i N B T 1
DU CL S A . Liu 5% 49 491 11 41 3 g 5
TN 57 1 G i e 7 (1) i 41 g £ 55 4T DECT ¥
Kk &, g5 KRB MK P HE ARG S
BOCCTAE Y Ay ) XF 0T 51 B0 B 56 8 1012 Wi 2%
BE 5 T W -"F49 CAUC 0.986 vs. 0.925, R
94.0% vs. 88.1%, F5 ¥ 96.7% vs. 88.0%), HEun
BNVK I AT e B R S e iy A7 g Al AP R () 9 A
Ko A Javn ik — 29 RFEAR S FIE TN L 43l
I B DA A2 RO, RUS gD 41 o 1) A B
LRl

HHE A I B, M CT
AR T 2 R IR A R B0 LA B AR, 12 Tk
BE A4 M LL &R . DECT ) VNCa 5L BEM ML
JE sk 285k s e, A B TS R e
BN, ] H TR/ AE/E MRI 28 RAUEANRE
AT MRI A 7 (1) 5838 11 B0 72 1) VE Al . 2018 4F,
Burke 55" H VNCa £ AUERH R 51 H T 5741 g
SN, JEAE DECT 5% Fhit T 7%
FIRE R, $275 DECT A& VNCa £ AR H A 8 & I
IR W RE, HFEARRDN, T KA REE P
KA

23 HIFIBRERIBITFIATT

B e 1) 2GR T A B TR . 7S
JBORGTT B N o ie 7 55 o YT A e m] 3 i
7S BUARYG,  MRIYTRT A B AR YT LAY O A, R
FEHR B AL AR, T B A B i B EIR L fR
e 2R R . TR0 R A E S Ji A PR X A
BRI HFE o O IRGT,  [R) AT e B A1 ) [l LE 21
GURSE A% B AR S 8, i B A Y e — ik
FEARI A ARG B8 7 IOT I, IR AT 41
SRR IR R TR, Mo oR s 2SN R A R
R, XA RS FEUF 2 I AR R, M

I B R AR A i BBy T fde.

JEFVRTT R R AE R 5 e, 7Ry )
NHB®) Z. #Hig b, PR AR, 7
—EIRE ST A AR BT AT R A v, A A
PG U 2 Fi e A A D R AR, A Bk A by
WU JEAm S STy e o T I FHAR IR RE & 1R 51 R
HRS A BT, o] LUK — 2R 51 I (A Rk U 2 A AE A
JRIITRE VR o Y687 R FH 0] o 2 RS i
B A IR AR, AN IR B R R 4128, nl T
F e R B HEA S vR T AR =

8 FVH PG RIRAE T, T80y R il 5 A S it
TR RS VT A T T TR T R, I T SO
R B e R N D eyt R P = R s R
B CT FI 5 15 2010 CT (A8 2 17 3 /R 1l Ay 4k
%% (Hounsfield look-up table, HLUT) " 4745 ¥,
33045 BTN [k (stopping power ratio, SPR) . 1H
ST, X LB BT SR I AR AT AN i 14T m) e 35
SEBRFRS FIRARE SE A 16 H b o

iF CT fi S SPR HI4LZR [F HL 1 2= % FE 1R 58
1T DECT Ref% X 3 Ha3 A [ 41 2 5% B Rk 2% 10 4 (1)
AL, HESRMGALN T 2%, ] o
CT { |7 SPR 64, HARpi-1ad7 vhRil i )
SRR TS

Zhu VMR R, A TR CT, DECT
X SPR VI SORS 5 0 AR, LR R 22 4 il
H12.8% Hl 2.2%; 1M 45 57 & ioF 5, DECT K
B RFIR AR ZEAN 1.4%, M CT WY 7.8%.
Faller 25" 3., DECT %} SPR [f 15 il 15t 22 & *F-
Yoy 25 03 5/ 5 CT CRUI % % 0.5 mm vs.
1.5mm, “FHI2 0.6% vs. 1.5%), 5% M CT
Bl R S DR ) 2 O INORS B2 5 T 12% ~ 19%.
Bar "R tH, DECT 75 5 3y [yt g i B A
B S, 5HMCT ML, nrEa HEASH @ A
3.5% 54 2% ~2.5%. LikHWE5TR M, DECT f5b)
T3 1A T LRI SPR T, AR
WG B e, ANIA B e i, A%
X FEIZH 2R 3540 AH _EIRIF 9T 38 A AE A AR TR R AT
(1), Jovk o8 AU 2R & 1) S bRt Ol . 2021 4,
Berthold 25" {4 4§ HLUT ¥ #k % . DECT fifk
J& ) HLUT 7% #k % K DECT [{) DirectSPR 7.2 %t
5 BT A e FE i SPR BEAT TN, Z5 R =4
) ~F- 243 F50I0 K 55 43 531 A 0.0% + 0.5% 0.3% =+ 0.4%
1 1.8% +0.4%, $&7~5 DECT 7E 5 5 IR iR T7
THRI AT T XS SPR (TR, A — 1
PRIV FH 8 B o



70 CT Bip 5 M AT (his0) 34 %

WAL, REESE ) BT Re B B Bk ) 2 ) R
IURRAE « 76 KBS A B R AR 28 00 R A% 7 T
A ERRE S, BB BT H AT B .
Lee 25U i 3 T B 48 W0 4% (AR B 2 ) B
DECT AHZ; & FH -1 00 67 71 [l 5% SPR VG AN
Wt SRR, StEGIrEMt, HEATE
PEM 1.10% BEAEE] 0.71%. (HAHSHEIEIAEA EA
BN, A wi KPR R — SR

3 NESRE

DECT Py el B G AT E N 2 Floe 22
BAE R A BN AL 1027 7 A T AR, R
A RN TR . EH AT AR A
s O RZHATFON AL FEPERTSE, A
BB, WA LHE T, AR I EATIEYE .
2 KAEAWTTT, DU i PR SR A1 B v S 1) 5%
ReE WA @ ZHEWETUN ROI N T3, "hE
FAAEMEE IR 22, 4 )5 /0T %1 B 3hEE 3
TR, SEIURSAEN G, #ERiZWT: @ UIRZ
Jri BRAE BE W ZHUAE A [ R AR sl 2 [R] (R 22 5
iz HILERBRRESWHERR TR LE S @ H AT
3= DECT X A SUIRHES 720G« AR 2R PETIFK)
FRBESE, KRR P HE.

SE K

[1] HOUNSFIELD G N. Computerized transverse axial
scanning (tomography). 1. Description of system[J]. The
British Journal of Radiology, 1973, 46(552): 1016-1022.
DOI:10.1259/0007-1285-46-552-1016.

[2] JOHNSON T R, KRAUSS B, SEDLMAIR M, et al.
Material differentiation by dual energy CT: Initial expe-
rience[J]. European Radiology, 2007, 17(6): 1510-1517.
DOI:10.1007/s00330-006-0517-6.

[3] SO A, NICOLAOU S. Spectral computed tomography:
Fundamental principles and recent developments[J].
Korean Journal of Radiology, 2021, 22(1): 86-96. DOI:
10.3348/kjr.2020.0144.

[4] TAKUMI K, HAKAMADA H, NAGANO H, et al. Use-
fulness of dual-layer spectral CT in follow-up examina-
tions: Diagnosing recurrent squamous cell carcinomas in
the head and neck[J]. Japanese Journal of Radiology,
2021,39(4):324-332.DOI:10.1007/s11604-020-01071-8.

[5] BABA A, KUROKAWA R, KUROKAWA M, et al.
Dual-energy computed tomography for improved visual-
ization of internal jugular chain neck lymph node metas-
tasis and nodal necrosis in head and neck squamous cell
carcinoma[J]. Japanese Journal of Radiology, 2023,
41(12): 1351-1358. DOI:10.1007/s11604-023-01460-9.

[6] RAJIAHP S, KAMBADAKONE A, ANANTHAKR-
ISHNAN L, et al. Vascular applications of dual-energy
computed tomography[J]. Radiologic Clinics of North
America, 2023, 61(6): 1011-1029. DOI:10.1016/j.rcl.
2023.05.005.

[7] LUO Y H, MEI X L, LIU Q R, et al. Diagnosing cervi-
cal lymph node metastasis in oral squamous cell carcino-
ma based on third-generation dual-source, dual-energy
computed tomography[J]. European Radiology, 2023,
33(1): 162-171. DOI:10.1007/s00330-022-09033-6.

[8] CHANG H Y, LIU C K, HUANG H M. Material
decomposition using dual-energy CT with unsupervi-
sed learning[J]. Physical and Engineering Sciences in
Medicine, 2023, 46(4): 1607-1617. DOI:10.1007/s13246-
023-01323-7.

[9] LV P, LIN X Z, LIJ, et al. Differentiation of small hep-
atic hemangioma from small hepatocellular carcinoma:
Recently introduced spectral CT method[J]. Radiology,
2011, 259(3): 720-729. DOI:10.1148/radiol.11101425.

[10] ZUO T, CHEN Y, ZHENG H, et al. Detection of bone
marrow edema in osteonecrosis of the femoral head us-
ing virtual noncalcium dual-energy computed tomogra-
phy[J]. European Journal of Radiology, 2021, 139:
109681. DOI:10.1016/j.ejrad.2021.109681.

[11] KIM C, KIM W, PARK S J, et al. Application of dual-
energy spectral computed tomography to thoracic oncol-
ogy imaging[J]. Korean Journal of Radiology, 2020,
21(7): 838-850. DOI:10.3348/kjr.2019.0711.

[12] Biomarkers Definitions Working Group. Biomarkers and
surrogate endpoints: Preferred definitions and conceptu-
al framework[J]. Clinical Pharmacology and Therapeu-
tics, 2001, 69(3): 89-95. DOI:10.1067/mcp.2001.113989.

[13] LERNER L B, MCVARY K T, BARRY M J, et al.
Management of lower urinary tract symptoms attributed
to benign prostatic hyperplasia: Aua guideline part I-ini-
tial work-up and medical management[J]. The Journal
of Urology, 2021, 206(4): 806-817. DOI:10.1097/JU.
0000000000002183.

[14] LI S, ZENG X T, RUAN X L, et al. Simultaneous
transurethral resection of bladder cancer and prostate may
reduce recurrence rates: A systematic review and meta-
analysis[J]. Experimental and Therapeutic Medicine,
2012, 4(4): 685-692. DOI:10.3892/etm.2012.660.

(151 FEEN, X Z2 3%, AR, 55, CT Be il Mg 4 ) 155 bt o BE

T L5 T A B A SN B DE (3], T IR BR SR AR BOR,
2013, 29(2): 269-272. DOI:10.13929/j.1003-3289.2013.
02.028.
HAO L, LIU A L, WANG H Q, et al. Gemstone spectral
imaging in differential diagnosis of posterior wall blad-
der cancer and prostate hyperplasia protruding into the
bladder[J]. Chinese Journal of Medical Imaging Tech-
nology, 2013, 29(2): 269-272. DOI:10.13929/j.1003-
3289.2013.02.028. (in Chinese).

[16] CHEN A, LIU A, LIU J, et al. Application of dual-


https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1259/0007-1285-46-552-1016
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.1007/s00330-006-0517-6
https://doi.org/10.3348/kjr.2020.0144
https://doi.org/10.3348/kjr.2020.0144
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-020-01071-8
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1007/s11604-023-01460-9
https://doi.org/10.1016/j.rcl.2023.05.005
https://doi.org/10.1016/j.rcl.2023.05.005
https://doi.org/10.1016/j.rcl.2023.05.005
https://doi.org/10.1016/j.rcl.2023.05.005
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s00330-022-09033-6
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1007/s13246-023-01323-7
https://doi.org/10.1148/radiol.11101425
https://doi.org/10.1148/radiol.11101425
https://doi.org/10.1016/j.ejrad.2021.109681
https://doi.org/10.1016/j.ejrad.2021.109681
https://doi.org/10.3348/kjr.2019.0711
https://doi.org/10.3348/kjr.2019.0711
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.1097/JU.0000000000002183
https://doi.org/10.1097/JU.0000000000002183
https://doi.org/10.1097/JU.0000000000002183
https://doi.org/10.1097/JU.0000000000002183
https://doi.org/10.3892/etm.2012.660
https://doi.org/10.3892/etm.2012.660
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028
https://doi.org/10.13929/j.1003-3289.2013.02.028

PEPEAE: XUAE CT LERT SR AZ T AW ST 2E i 71

[17]

[18]

[19]

[20]

[21]

[22]

[23]

energy spectral CT imaging in differential diagnosis of
bladder cancer and benign prostate hyperplasia[J].
Medicine, 2016, 95(52): e5705. DOI:10.1097/MD.
0000000000005705.

LW, %% 3. BEWE CT 2 2 B0 R AL 1) i 4
PR IBE DA (9], 25N K 2 2 4R (B 54 R, 2021, 47(3):
41-45. DOI:10.13885/j.issn.1000-2812.2021.03.009.
CAI Z G, YANG A P. Identification of benign prostatic
hyperplasia and bladder cancer based on spectral CT
quantitative parameters[J]. Journal of Lanzhou University
(Medical Sciences), 2021, 47(3): 41-45. DOI:10.13885/j.
issn.1000-2812.2021.03.009. (in Chinese).

SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer
statistics 2020: Globocan estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J].
CA: A Cancer Journal for Clinicians, 2021, 71(3): 209-
249. DOI:10.3322/caac.21660.

TR, A0, AT AR, & T AR CT M & e
XA R A i A B e ) 46 50 2 W O R I AT
B2 R 3% 2013, 32(6): 842-846. DOI:10.13437/j.cnki.
jer.2013.06.021.

ZHANG X F, L1J Y, ZOU A H, et al. Dual energy spec-
tral CT imaging in-differentiation of prostatic carcinoma
from benign prostatic hyperplasia[J]. Journal of Clinical
Radiology, 2013, 32(6): 842-846. DOI:10.13437/j.cnki.
jer.2013.06.021. (in Chinese).

ZHANG X F, LU Q, WU L M, et al. Quantitative iodine-
based material decomposition images with spectral CT
imaging for differentiating prostatic carcinoma from
benign prostatic hyperplasia[J]. Academic Radiology,
2013, 20(8): 947-956. DOI:10.1016/j.acra.2013.02.011.
XY, £ R, skt & SR CT 2 ZHU0IRIE %
9 i 470 8 5 i A0 I 8 2 5 7 R RIS
22 %K, 2016, 35(1): 118-122. DOI:10.13437/j.cnki.jcr.
2016.01.033.

DENG M, WANG L, ZHANG J H, et al. Gemstone
spectral Imaging with dual-energy CT for the differen-
tial diagnosis of prostate cancer and benign prostatic
hyperplasia using[J]. Journal of Clinical Radiology,
2016, 35(1): 118-122. DOI:10.13437/j.cnki.jer.2016.01.
033. (in Chinese).

TR, VPSR, AR IETY, 25 BRI CT Won gl im
1) 35z £ HL e AT ST[T]. BUR 27 52 BR, 2016, 31(8): 747-
751. DOI:10.13609/j.cnki.1000-0313.2016.08.017.
ZHANG X F, XU J R, ZHU Z F, et al. Study on optimal
keV speetral CT monochromatie imaging for detecton
of peripheral prostatie lesions[J]. Radiologic Practice,
2016, 31(8): 747-751. DOI:10.13609/j.cnki.1000-0313.
2016.08.017. (in Chinese).

XA, £, TR XURRM AR CT X i 51 i
S R 12 T AR (D). B2 o7 A3 45, 2023, 44(5): 59-63.
DOI:10.19745/j.1003-8868.2023095.

LIUY N, WANG J F, QIAO Y. Diagnostic value of dual-
layer detector spectral CT for prostate cancer[J]. Chi-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

nese Medical Equipment Journal, 2023, 44(5): 59-63.
DOI:10.19745/j.1003-8868.2023095. (in Chinese).
OSIMANI M, BELLINI D, DI CRISTOFANO C, et al.
Perfusion MDCT of prostate cancer: Correlation of
perfusion CT parameters and immunohistochemical
markers of angiogenesis[J]. American Journal of
Roentgenology, 2012, 199(5): 1042-1048. DOI:10.2214/
AJR.11.8267.

CULLU N, KANTARCI M, OGUL H, et al. Feasibility
study of CT perfusion imaging for prostate carcinoma[J].
European Radiology, 2014, 24(9): 2236-2244. DOI:10.
1007/500330-014-3212-z.

FRATIRBH, SN, B, A 5 3 AR CT G & il
FU M CT HE i 1K) w] AT PE (0], B B2 27 RE 2 B 27 4l
2017, 39(1): 101-106. DOI:10.3881/j.issn.1000-503X.
2017.01.017.

ZHANG G M Y, SUN H, XUE H D, et al. Feasibility
study of low-dose prostate CT perfusion on third-gene
ration dual-source CT[J]. Acta Academiac Medicinae
Sinicae, 2017, 39(1): 101-106. DOI:10.3881/j.issn.1000-
503X.2017.01.017. (in Chinese).

SAOKAR A, ISLAM T, JANTSCH M, et al. Detection
of lymph nodes in pelvic malignancies with computed
tomography and magnetic resonance imaging[J]. Clini-
cal Imaging, 2010, 34(5): 361-366. DOI:10.1016/j.clin-
imag.2009.07.004.

LENNARTZ S, TAGER P, ZOPFS D, et al. Lymph node
assessment in prostate cancer: Evaluation of iodine quan-
tification with spectral detector CT in correlation to PS-
MA PET/CT][J]. Clinical Nuclear Medicine, 2021, 46(4):
303-309. DOI:10.1097/RLU.0000000000003496.
GONG X Q, TAO Y Y, WANG R, et al. Application of
diffusion weighted imaging in prostate cancer bone met-
astasis: Detection and therapy evaluation[J]. Anti-cancer
Agents in Medicinal Chemistry, 2021, 21(15): 1950-
1956. DOI:10.2174/1871520621666210118092641.
HUANG H C, SRINIVASAN R, SUN Y, et al. Detec-
tion of lumbar spine osseous metastases using dual-
energy CT: Phantom results and preliminary clinical val-
idation[J]. American Journal of Roentgenology, 2019,
212(2): 402-410. DOI:10.2214/AJR.18.19933.
ISHIWATA Y, HIEDA Y, KAKI S, et al. Improved di-
agnostic accuracy of bone metastasis detection by Water-
HAP associated to non-contrast CT[J]. Diagnostics
(Basel, Switzerland), 2020, 10(10): 853. DOI:10.3390/
diagnostics10100853.

LIUMC,HO CC,LIN Y T, et al. Opportunistic screening
with multiphase contrast-enhanced dual-layer spectral
CT for osteoblastic lesions in prostate cancer compared
with bone scintigraphy[J]. Scientific Reports, 2024,
14(1): 5310. DOI:10.1038/541598-024-55427-5.
WERNER S, KRAUSS B, HORGER M. Dual-energy
CT-based bone marrow imaging in multiple myeloma:
Assessment of focal lesions in relation to disease status


https://doi.org/10.1097/MD.0000000000005705
https://doi.org/10.1097/MD.0000000000005705
https://doi.org/10.1097/MD.0000000000005705
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.13885/j.issn.1000-2812.2021.03.009
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.13437/j.cnki.jcr.2013.06.021
https://doi.org/10.1016/j.acra.2013.02.011
https://doi.org/10.1016/j.acra.2013.02.011
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13437/j.cnki.jcr.2016.01.033
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.13609/j.cnki.1000-0313.2016.08.017
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.19745/j.1003-8868.2023095
https://doi.org/10.2214/AJR.11.8267
https://doi.org/10.2214/AJR.11.8267
https://doi.org/10.2214/AJR.11.8267
https://doi.org/10.2214/AJR.11.8267
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.1007/s00330-014-3212-z
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.3881/j.issn.1000-503X.2017.01.017
https://doi.org/10.1016/j.clinimag.2009.07.004
https://doi.org/10.1016/j.clinimag.2009.07.004
https://doi.org/10.1016/j.clinimag.2009.07.004
https://doi.org/10.1016/j.clinimag.2009.07.004
https://doi.org/10.1016/j.clinimag.2009.07.004
https://doi.org/10.1097/RLU.0000000000003496
https://doi.org/10.1097/RLU.0000000000003496
https://doi.org/10.2174/1871520621666210118092641
https://doi.org/10.2174/1871520621666210118092641
https://doi.org/10.2174/1871520621666210118092641
https://doi.org/10.2174/1871520621666210118092641
https://doi.org/10.2174/1871520621666210118092641
https://doi.org/10.2214/AJR.18.19933
https://doi.org/10.2214/AJR.18.19933
https://doi.org/10.3390/diagnostics10100853
https://doi.org/10.3390/diagnostics10100853
https://doi.org/10.3390/diagnostics10100853
https://doi.org/10.3390/diagnostics10100853
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5
https://doi.org/10.1038/s41598-024-55427-5

72

CT #Hig 5 Chgeso)

34 4%

[34]

[35]

[36]

[37]

[38]

and MRI findings[J]. Academic Radiology, 2022, 29(2):
245-254. DOI:10.1016/j.acra.2021.01.029.

GONG H, BAFFOUR F I, GLAZEBROOK K N, et al.
Deep learning-based virtual noncalcium imaging in
multiple myeloma using dual-energy CT[J]. Medical
Physics, 2022, 49(10): 6346-6358. DOI:10.1002/mp.
15934.

BURKE M C, GARG A, YOUNGNER J M, et al. Initial
experience with dual-energy computed tomography-
guided bone biopsies of bone lesions that are occult on
monoenergetic CT[J]. Skeletal Radiology, 2019, 48(4):
605-613. DOI:10.1007/s00256-018-3087-1.

WU Y Y, FAN K H. Proton therapy for prostate cancer:
Current state and future perspectives[J]. The British
Journal of Radiology, 2022, 95(1131): 20210670. DOI:
10.1259/bjr.20210670.

WOHLFAHRT P, MGHLER C, ENGHARDT W, et al.
Refinement of the Hounsfield look-up table by retrospec-
tive application of patient-specific direct proton stopping-

power prediction from dual-energy CT[J]. Medical

Physics, 2020, 47(4): 1796-1806. DOI:10.1002/mp.
14085.
PETERS N, WOHLFAHRT P, HOFMANN C, et al.

Reduction of clinical safety margins in proton therapy
enabled by the clinical implementation of dual-energy
CT for direct stopping-power prediction[J]. Radiotherapy
and Oncology, 2022, 166: 71-78. DOI:10.1016/j.radonc.

[39]

[40]

[41]

[42]

[43]

2021.11.002.

ZHU J, PENFOLD S N. Dosimetric comparison of stop-
ping power calibration with dual-energy CT and single-
energy CT in proton therapy treatment planning[J].
Medical Physics, 2016, 43(6): 2845-2854. DOI:10.1118/
1.4948683.

FALLER F K, MEIN S, ACKERMANN B, et al. Pre-
clinical evaluation of dual-layer spectral computed to-
mography-based stopping power prediction for particle
therapy planning at the Heidelberg Ion Beam Therapy
Center[J]. Physics in Medicine and Biology, 2020, 65(9):
095007. DOI:10.1088/1361-6560/ab735e.

BAR E, LALONDE A, ROYLE G, et al. The potential of
dual-energy CT to reduce proton beam range uncer
tainties[J]. Medical Physics, 2017, 44(6): 2332-2344.
DOI:10.1002/mp.12215.
BERTHOLDJ,KHAMFONGKHRUEA C,PETZOLDT],
et al. First-in-human validation of CT-based proton
range prediction using prompt gamma imaging in
prostate cancer treatments[J]. International Journal of
Radiation Oncology, Biology, Physics, 2021, 111(4):
1033-1043. DOI:10.1016/].ijrobp.2021.06.036.

LEE H H, PARK Y K, DUAN X, et al. Convolutional
neural network based proton stopping-power-ratio
estimation with dual-energy CT: A feasibility study[J].
Physics in Medicine and Biology, 2020, 65(21): 215016.
DOI:10.1088/1361-6560/abab57.


https://doi.org/10.1016/j.acra.2021.01.029
https://doi.org/10.1016/j.acra.2021.01.029
https://doi.org/10.1002/mp.15934
https://doi.org/10.1002/mp.15934
https://doi.org/10.1002/mp.15934
https://doi.org/10.1002/mp.15934
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1007/s00256-018-3087-1
https://doi.org/10.1259/bjr.20210670
https://doi.org/10.1259/bjr.20210670
https://doi.org/10.1259/bjr.20210670
https://doi.org/10.1002/mp.14085
https://doi.org/10.1002/mp.14085
https://doi.org/10.1002/mp.14085
https://doi.org/10.1002/mp.14085
https://doi.org/10.1016/j.radonc.2021.11.002
https://doi.org/10.1016/j.radonc.2021.11.002
https://doi.org/10.1016/j.radonc.2021.11.002
https://doi.org/10.1016/j.radonc.2021.11.002
https://doi.org/10.1118/1.4948683
https://doi.org/10.1118/1.4948683
https://doi.org/10.1118/1.4948683
https://doi.org/10.1088/1361-6560/ab735e
https://doi.org/10.1088/1361-6560/ab735e
https://doi.org/10.1088/1361-6560/ab735e
https://doi.org/10.1088/1361-6560/ab735e
https://doi.org/10.1002/mp.12215
https://doi.org/10.1002/mp.12215
https://doi.org/10.1016/j.ijrobp.2021.06.036
https://doi.org/10.1016/j.ijrobp.2021.06.036
https://doi.org/10.1016/j.ijrobp.2021.06.036
https://doi.org/10.1088/1361-6560/abab57
https://doi.org/10.1088/1361-6560/abab57
https://doi.org/10.1088/1361-6560/abab57
https://doi.org/10.1088/1361-6560/abab57

	1 成像原理
	1.1 虚拟单能谱影像
	1.2 物质分离成像
	1.3 有效原子序数

	2 应用
	2.1 良恶性病变的鉴别
	2.1.1 良性前列腺增生与膀胱癌的鉴别
	2.1.2 良性前列腺增生与前列腺癌的鉴别

	2.2 前列腺癌转移性病变的检出及鉴别诊断
	2.3 前列腺癌的质子治疗

	3 小结与展望
	参考文献

