(FRBERZ2E) 20244F 553455 111 T
CHINA ONCOLOGY 2024 Vol.34 No.l AT AR E 67

it &

RAWNBEAXERNMEFCTEEANAIVIBRIRIR S
B IRIE S IR BRI AR R X T R B

X F, AR, RS, WERE, BER"’

1. 52 B g R B U 2 Wkl B B RS BB Bt 7 &, L 200032;
2. 5 BRAR MR = Be A AT o0 BE U2 R, T 2011005

(HE] T=5H8: RS (pancreatic ductal adenocarcinoma, PDAC ) 5Bl R4 ( mass-forming
chronic pancreatitis, MFCP ) F7ER S0 HA BRI IR . SUZ M E T AUAZ % ( dual-layer spectral detector
computed tomography, DLCT ) EFRAR 7 IE MR FH O A — & IRER . AR B AERFDLCTA L W Y FRPDAC 5 MFCP
T Tk [ Hr202149 4 1 H—20234F5 7 31 H 52 H R 22} e 12 Be Wit 5933 61 ] TR PDACHI 19451
MFCPEH WG AR 8k, RETTTDLCTHE SIS, S WIAHE G Sk (arterial phase, AP) . S ( parenchymal
phase, PP) A&k (venous phase, VP) . IADLCTE EIgtr, EAEEASMAL/3%C (attenuation enhancement fraction,
AEF) | JkbERR ST LE (lesion to parenchyma ratio, LPR) | Mls#ft4344 (iodine enhancement fraction, IEF) . RS
FEARAMGIG B K0 AT G400, R e R A3 T R R R Z W W, R Z R E TAEFHE (receiver operator
characteristic, ROC) MMERMHATRBETFA . P<0.05NEFALITFEE L. &R (EPDACHMFCPZ[H, AEF_AP/PP,
LPR,, VP, IEF PP/VP. WiZEHiJ5{19-9 ( carbohydrate antigen 19-9, CA19-9) MIUVSIFRYZSA L H¥E X (P<0.05) .
LPR,, VPSIEF PP/VPHI ARl R BA e A SIRRE , T CA19-9, WUETEAEF _AP/PP (P<<0.05) , &R
F (area under curve, AUC) }0.841, R HN0%, FeFBENT3%, WM NTI%. &i: DLCTELM M YIBRPDACY
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[ Abstract ] Background and Purpose: Accurate differentiation of pancreatic ductal adenocarcinoma (PDAC) from mass-forming
chronic pancreatitis (MFCP) is clinically significant. The application of dual-layer spectral detector CT (DLCT) in pancreas has been
explored. This study aimed to investigate the value of DLCT in distinguishing resectable PDAC from MFCP. Methods: We retrospectively
collected data of 33 patients with resectable PDAC and 19 patients with MFCP admitted to Fudan University Shanghai Cancer Center from
September 1, 2021 to May 31, 2023. Prior to surgery, patients underwent enhanced DLCT scans, including arterial phase (AP), parenchymal
phase (PP) and venous phase (VP). DLCT quantitative parameters, including attenuation enhancement fraction (AEF), lesion-to-parenchyma

ratio (LPR) and iodine enhancement fraction (IEF) were calculated. Difference analysis was conducted using independent sample ¢-test or
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chi-square test. Univariate and multivariate analyses were performed using binary logistic regression. Receiver operating characteristic (ROC)

curves were used for performance evaluation. P<<0.05 was considered statistically significant. Results: Statistically significant differences
were observed between PDAC and MFCP in AEF_AP/PP, LPR,, VP, IEF_PP/VP, carbohydrate antigen 19-9 (CA19-9) and double-
duct sign (all P<<0.05). The spectral combined model composed of LPR,, VP and IEF_PP/VP exhibited the best discriminatory efficacy,
surpassing CA19-9, double-duct sign and AEF_AP/PP (all P<<0.05). The combined model demonstrated an area under curve (AUC) of 0.841,
sensitivity of 90%, specificity of 73%, and accuracy of 79%. Conclusion: DLCT has certain potential in differentiating resectable PDAC

from MFCP. Spectral quantitative parameters can complement CA19-9 and outcome shortcomings of conventional CT in distinguishing

resectable PDAC from MFCP.

[ Key words | Pancreatic ductal adenocarcinoma; Mass-forming chronic pancreatitis; Dual-layer spectral detector computed

tomography; Conventional computed tomography
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detector CT, DLCT ) 7EEMR /7 i e A —
FEMERE, BT USRS A, 4 e
PDACHIK: Hh S X 8k 5z BRI TG RRe, & nT LA
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1.2 DLCTH#EAZE

fIr % MDLCT ( fif % Philips/A &l ) , &
HLE 120 kVp, EHTCRH A ShZ2 LA,
JLHIHM200~300 mAs, HiFFES512X512, HH#HH
MEFEs K (arterial phase, AP) . SZJiY
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( parenchyma phase, PP ) Flit ik ( venous
phase, VP) o ZJFFIE H g ik AT X e ) [
il , MYk (iodine concentration, IC) A
320 mg/mL, VLIMEHGEZBRBARAFA ],
FEST R H3.5~5.0 mL/s, M8 ESIIKCTIE X
F100 HUMS fil &2 AP, 20 s)5 JFARPPH,
70 s/a M VP . R EE B H AR FOL
R 40 0 3k BUH BLC T R B 3% 3 ’4%
('spectral base images, SBI) .

1.3 EBRESW

BRAH2 44 WU BRI (4 5B A TAE RN 24F
B S s W gy ) AT . ¥ SBIAE
F AlntelliSpace PortalZf4 ( faf *2PhilipsZy ] )
HEAT53HT . 7E40 ke VINHEUL A REZL KR (virtual
mono-energetic image, VMI) Xkt AR .
BEHL . MR F B K X 4R X (region of
interest, ROI) , [FI2EHIAEFFCT, IC. A
BURF 4L ( Z-effective atomic number, Zeff)
BE (KR, 2) , BEJFIMA . B . WL,
A, WEdEtR: WMCTLVMI ERCTIE .
IC. Zeff. WHEWNMIRHELE. RGN Ot
T 2 R RK = (HUy ev=HUyy v)/(80-40) ; @ i
iR k7% (iodine enhancement fraction, IEF)
_AP/PP=IC,,/IC,; X100%, 1EF_AP/VP=IC,,/
ICypX 100%, TEF_PP/VP =ICup/ICypX 100%;
@ #=A AL/ % (attenuation enhancement
fraction, AEF) AP/PP=HU,,/HU,;X100%,
AEF_AP/VP=HU,,/HUy,X 100%, AEF PP/
VP =HU,y/HUyp X 100% ; @ ¥ % JBE JIft 52 i e
(lesion to parenchyma ratio, LPR) =HU/
HUpp X 100%; & FrifELIC (normalized IC,
NIC ) =1Cyu/ICy; 1 X 100% . FEATE B FE BRI
3K, BCFE.

B FKirkegardZs U AFSY . 24 BEIRTEAL
CTEAES . © FEFEIE; @ MZHEEY
iRAE; B BRAF AR <0.34; @ #54uFefi
fiE; & WELE; © W FRBE L shlik 5 R
KERL>1; @ mEEEEREIE ., OO
RAMFCP, @B©DHPDAC.
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Fig.1 The CT performance of MFCP and the method of
drawing ROI

A 57-year-old female patient with MFCP. A: Conventional CT image;
B: 40 keV virtual mono-energetic image; C: Iodine concentration map;
D: Z-effective atomic number map; E: The spectral curve of the MFCP
lesion.The yellow circle is located in MFCP, the red circle is located
in pancreatic parenchyma, and the green circle is located in abdominal
aorta.

ROI'S2

El2 PDACHICTRILKROILHF7iE
Fig.2 The CT performance of PDAC and the method of
drawing ROI

A 46-year-old female patient with PDAC. A: Conventional CT image;
B: 40 keV virtual mono-energetic image; C: lodine concentration map;
D: Z-effective atomic number map; E: The spectral curve of the PDAC
lesion.The yellow circle is located in MFCP, the red circle is located
in pancreatic parenchyma, and the green circle is located in abdominal
aorta.
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K HISPSS 268 R E G AT e 174017 o
THRBERER X L3RR, THERBORER ISR
Ro KHZH N ZE (interclass correlation
coefficient, ICC ) MKappaflt#tir—2tE5#r,
BAETE0. 75 LA N —BEREAF . RS AEA
B . K L PDAC S5 MFCPHY &N EHR 2
NP == i Py 5 N -y op ok 4 1 = B e AL
RMZHNE SN . R 2ZBKE T (variance
inflation factor, VIF ) XFFRARIEATIEPEPEAN,
MVIF> S5, M2k UL . SR HAD 3k Ay
PR bR, okt EE, R
B H TAERHE (receiver operator characteristic,
ROC) MZPFHr 255068, Jf>k FHDeLong )7 ¥
HEAFROCHIZ L . P<0.05 02 F A L1+

2 4 B

21 BEEM

TP A2 85, AdE33 4R IRPDACHI
196IMFCP, Hilfi RN FAAG 24 TRk 25 S0k L%
W1, TEIRREERIF, PDACH PIBEEHTR19-9

( carbohydrate antigen 19-9, CA19-9) 5% Ft &
Y L A8 B Ry o 244 I 0 T 9 2 48 A Y TC CH [
90.850 (95% CI: 0.708~0.926 ) ~0.942 (95%
CI: 0.881~0.972) , #B¥EMFEHEN B2
—E, R R8RSR,
PDACH SUSUAEAE 1 HAG BHE &7

FEHMCTE 5 br "+, PDACHIAEF_AP/PP
BMFCPHE K (76+13 vs 669, P=0.003) .
fEPDACHMFCPZ ], i it S5 K_AP
(1.314£0.60 vs 1.72+0.62, P=0.024) . K PP
(2.90+1.16 vs 4.13+0.74, P<0.001) . K_
VP (3.06+1.12 vs 4.18+0.82, P<<0.001) .
LPR,, PP (62£20 vs 7614, P=0.003) .,
LPR,, VP (86+24 vs 117+24, P<0.001) .
NIC PP (23412 vs 30+7, P=0.012) . Z, AP
(7.74+0.17 vs 7.861+0.14, P=0.012) . Z.; PP
(8.2240.35 vs 8.5240.24, P=0.002) FIIEF
PP/VP (85419 vs 10624, P=0.001) ZE5H%
-3
2.2 PDACHIMFCPz BXiEEESHHHAEE
SEASES

RS AR, FEXIEEESHT,
LPR,, PP, LPR,, VPFIIEF_PP/VPJ}y % 5|PDAC

R BENRAMZEZERNERMEIE

Tab.1 The comparison of clinical and imaging data of patients

Data PDAC (n=33) MFCP (n=19) P value

Clinical variables

Agelyearxts 62.754+10.45 63.95+11.76 0.707"

Gender male/female 16/17 11/8 0.513"

CA19-9 <37 U/mL/>37 U/mL 6/27 10/9 0.010"

CA12-5 <35 U/mL/>35 U/mL 32/1 19/0 1.000"

CEA <5.2 ng/mL/>5.2 ng/mL 30/3 18/1 1.000"

Size/em x£s 2.5040.83 2.67£0.66 0.429°

Location head/body and tail 26/7 13/6 0.618"
Imaging morphological variables

Duct-penetrating sign yes/no 0/33 1/18 0.365"

Collateral duct dilatation yes/no 0/33 0/19

Duct-to-parenchyma ratio<0.34 yes/no 23/10 15/4 0.469"

Displaced calcification yes/no 0/33 0/19

Double duct sign yes/no 14/19 2/17 0.016"

SMA-to-SMV ratio>1 yes/no 0/33 0/19

Vessel encasement or deformity yes/no 1/32 0/19 1.000"

*: Independent sample # test; #: x* test. SMA: Superior mesenteric artery; SMV: Superior mesenteric vein.
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5MFCPHH6 4R, HICHLLMERE ., ZHE S
W&, LPR,, VPFIIEF PP/VP N IPDACS
MFCP Il S7H5 45, H 0 7 9 & 1 il A5 5 7R
(#£2) .
2.3 HHMEIERELFIPDACEMFCPAEM
B

1% PDACSMFECP T T, S S HLPR,,_
VP . 1EF_PP/VPHy i il A B 78 () il 26 5 1
1 (area under curve, AUC) 50.841 ( |43,
#3) , HE5MEME (AUC=0.675) . CA19-9
(AUC=0.672) . AEF_AP/PP (AUC=0.703)
LRI EM (P=0.025. 0.039. 0.047) .
AAN, LPR,,_ VP (AUC=0.825) A% 354 hHE
i FAEF_AP/PP (P=0.041) . Hrf, Ei4HH
T EAT B AR (79% ) , CA19-9 54 fr i
RS HEE (82% ) , AEF AP/PPEA i A
(95%) «

0.8

<
(o))
T

Sensitivity

=
N
T

— Double duct sign

—— AEE_AP/PP

—— IEF_PP/VP
LPR,,_ VP

—— Combined model
Reference

02F

0.0, ; ; : . A
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

B3 KRR EIEREROCH &5 47
Fig. 3 ROC curve analyses of clinical and imaging variables

Double duct sign: Expansion of both common bile duct and main
pancreatic duct; AEF: Attenuation enhancement fraction; IEF: Todine
enhancement fraction; LPR,,: Lesion to parenchyma ratio on 40 keV
virtual mono-energetic images; Combined model: The combination of
LPR,, VP and IEF PP/VP.

R2 REEEBETHARERSERMM

Tab.2 The univariate and multivariate analysis of spectral quantitative variables

Univariate analysis

Multivariable analysis

Variable VIF
OR (95% CI) P value OR (95% CI) P value
LPRy,_PP/% 1.046 (1.010-1.084) 0.012 3.165 0.111
LPR,,_VP/% 1.054 (1.022-1.087) 0.001 2.253 1.050 (1.015-1.086) 0.004
IEF_PP/VP/% 1.057 (1.016-1.099) 0.006 1.716 1.051 (1.002-1.102) 0.039
#3 &IEHRELSIPDACSMFCPEHIZIAE
Tab.3 The efficacy of variables in PDAC and MFCP

Variable AUC (95%CI) Cutoff value Sensitivity/% Specificity/% Accuracy/% Youden index
CA19-9 0.672 (0.539-0.806) 53 82 71 0.35
Double duct sign 0.675 (0.563-0.786) 90 46 60 0.36
AEF_AP/PP 0.703 (0.562-0.845) 79% 95 49 65 0.44
LPR,, VP 0.825 (0.712-0.937) 91% 90 67 75 0.57
IEF_PP/VP 0.777 (0.648-0.905) 91% 79 70 73 0.49
Combined model 0.841 (0.736-0.945) 0.34 90 73 79 0.63




72 W, F RANBBRNSECTEENTURRRSERE SRRSO BHRNE

MFCP5PDACHI Y2 Wi A R, DLCT
BRI R o e W —ERAE R L KREE
HF, B BEREREEVMI, IC, Zeff K H #
CTHEIG ", W LIRHUR Z eS80, il
FERSHLPR,, VP, IEF PP/VPYEXHIMFCPY
PDACH I HA —EMINE, XWDHSHMRA
BRI AT — 5 S S IR RE , FLAUCH0.841,
RIGE 0%, FEBERT3%, WERGEENT79%.

MFCPEEFECTS UM/ . AR, MER
78 % H K TPDAC, X5 H i s o
“EHTWAHAF, MFCPAE WACBE T n DL 4 %%
B, M AEARARXT AR, BOMFCP I 1
TFPDAC ' 20 AW LI, JERESEIX i
— B F 2RI FEHCTS &, X2
S FRCT T B i XER AR AN [ 2 4L b () 2 Ul A7 A
W RMESX, MHESCT LI XL
AR A C RN 5 R SN R PR A
AL DAY /INAS [ 40 Jo 8 0 Y B X, RN TR) 40
Uz a2 2 AT L X S MFCP Y
PDACIH ML 2E 5%, $Em 2 BIRLRE.

HEFCTEE¥MFEL X MFCPS5PDAC
MAUCHO0.84, RMERTT%, FFER
86% ', Zhang%s: " Wit H MCTIE k25
R IR, YR B REUE 0%, FEREN
75%, BUREER RALE H92%, RS 100%.
AT, NSRRI Z A2, W
o 5 B B AR T DA SE . 3] B PR R AT 5%
P (s kA /N, HOoR T DB AR, R R 3
ARG Yin%E Y SR HINICYE HIMFCP S
PDACHIRLRER =, AUC>>0.95, TiAHF5Em IR
NIC_PPRI 225, HEZHE I & BHIFIE
ST HT . GiESELPR,, VP, IEF PP/VPHIX
4rPDACH5MFCPIMSLHEFR, — & ARl G AR Al
AT — B SRR, AR, TR ER
TETERIA I

M3 CA19-97E K HIPDAC5MFCPJ5 i B
A—EMME. Suds IR LI, CA19-9% %

PDACHMFCPHFERE H-1%, TR BN
81%, B FAMIGY . X S5AMTRI AT VIR
I A8 K e & BB BE I s s B — B IR R .
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