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[ Abstract ] Objective: To assess the effectiveness of dual-layer detector spectral computed tomography (DLCT) in predicting the
expression of programmed death ligand-1 (PD-L1) in patients with esophageal squamous cell carcinoma (ESCC) prior to surgical
intervention. Methods: Patients with histopathologically confirmed esophageal squamous cell carcinoma (ESCC) at Liaoning
Cancer Hospital between February 2022 and December 2023 were retrospectively collected. The combined positive score (CPS)
was employed to evaluate PD-L1 expression in ESCC tumor cells, with scores ranging from 0-100. Patients with a CPS of 10 or
greater were categorized into the high PD-L1 expression group, while those with a CPS of less than 10 were placed in the low PD-
L1 expression group. Various quantitative spectral parameters, including Conventional CT values and CT values from 40 keV virtual
monoenergetic images during both arterial and venous phases, iodine density (ID), normalized iodine density (NID), and effective
atomic number (Z.;) was record. Independent samples t-tests were utilized to compare the differences in parameters between the
high and low expression groups. Additionally, receiver operating characteristic (ROC) curves were generated to assess the predictive
capability of each parameter concerning CPS score expression, with comparisons of the area under the curve (AUC) conducted
using the DeLong test. Results: Among 140 ESCC patients, 78 were classified as PD-L1 high-expression (CPS=10) and 62 as low-
expression (CPS<C10). The PD-L1 high expression group showed significantly higher values in conventional CT, 40 keV CT, ID,
NID, and Z; during both the arterial and venous phases compared to the PD-L1 low expression group, with statistically significant
differences (£<<0.05). The venous phase NID had the best predictive effect for ESCC PD-L1 expression, with an AUC of 0.954 (95%
CI 0.916-0.992) and a cutoff value of 0.298, yielding a sensitivity of 94.8% and a specificity of 93.5%. The AUC of venous phase
NID was statistically significantly different from the venous phase ID, conventional CT values, and 40 keV CT values (AUCs of 0.848,
0.779, and 0.830; Z=-3.504, 4.520, 3.828; all P<<0.001), while the difference compared to the Z; in the venous phase (AUC=0.853,
Z=3.401, P=0.001) was not statistically significant. The AUC of venous phase NID was also statistically significantly different
from the arterial phase ID, Z g, conventional CT values, and 40 keV CT values (AUCs of 0.798, 0.784, 0.748, and 0.782; Z=-3.575,
—-3.826, —4.427, —3.843; all P<<0.001), but the difference compared to arterial phase NID (AUC=0.833, Z=-2.938, P=0.003) was
not statistically significant. Conclusion: The venous phase NID got form DLCT demonstrates a high predictive efficacy for the
expression of PD-L1 in ESCC.
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FHHEMZ S, #ORROIMAL B A /NI, &
M5 FEE{E (iodine density, ID) . AAURFFEL
{H (effective atomic number, Z.) . {4 CT{H
40 keV CTH . 44 BEIMHEA T30 & I UL
BIH.

FEID & A A R 2 09 3 8l ik 3 s — A
290 E Sk FL2/30 [FIJEROL, ic 5% o)) ik il 2%
J# (iodine density of artery, IDA) , JFI13%H
JEfPREIL T ( normalized iodine density,
NID) , HiIHA A NNID=)5ktID/IDA
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Fie I e e A AU b 2= R A AR IE LR, X FIrR
£ B IR FRAS HEATPD-L1 S0 Se e 0, VA5 g 24
JRLIE 1 PD-L1F ARG B . CPSZHE BH4: 7k i Jes 4
M K BHPER M . WA B 7 A T e 40 ik
ME ST E, FaRLA100, 255k AH0~10050Ek %
7o CPSTEAM M4l brifi S BSF 25 7 MBS 45
R, PICPS<I10NPD-LUIE#A4l, CPS=10H
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B s Fisher k5 B MERAG 1 o 1 323 & TAERRE
( receiver operating characteristic, ROC ) [ZiT
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AR A AL 140 ESCCEE, Hp R
13401, Lotkefl, FiE38~76%, FIJAENS
(57+9) %, 140IESCCEE T, PD-L1EH#E
R T80, (RFRdL620] . PHLLEE AIAERS | T
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(P>0.05, £1) . MR RARST WIE,

1 ESCCEEPD-LIERIZASMEFIZA—MARILE
Tab.1 Comparison of baseline characteristics between high and

low PD-L1 expression groups in patients with ESCC

n (%)
AR/ ks 62.1+7.5 62.3+7.1 =024 0810
PE5 — 0.693°
FHk 74 (94.9) 60 (96.8)
7 4 (5.1) 2(32)
AR ZIVA £=0.622  0.733
B 15 (19.2) 11 (17.7)
Bt 24 (30.8) 23 (37.1)
TE 39 (50.0) 28 (45.2)
I ALRERE 7=0.468  0.792
o3tk 11 (14.1) 9 (145)
e 6(7.7) 3(4.8)
o 61 (78.2) 50 (80.6)

M (n=190)

20224F2 H—20234F 12 H 1L 744 i
2 e PR A i A TG C T it 1 i

*. FisherkG i 245

HEBRTIfE

O RAGHERHZ HATAT (n=29) 5
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® 43 PSR (n=d) ;

@ FEAEAUE R R E R MR (n=6)

BRI
@ WP A bRl & CPSITST
@ [ER T R AT
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® 2 Iﬁ/ﬁ?kﬁﬁﬁ)‘ﬁl FCTHEIRA, LT CTRI DL

A
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B340, Zotkef)

v
v v
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| |
v
ERAFE SIS RO i)

g e AR TR RUE L ABGECTIEL, 40 ke VBRI RRGL A

A 4

LR IAEHE L B ROCHI 21l

E1 #REITRER
Fig.1 Study design flow chart
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ESCC PD-L1Fikdl sh kL 5 CTIH .
40 keV CT{H. ID. NID. Z.fHF#KESCT
fli. 40 keV CT{H. ID. NID. Z JE¥ & TPD-LI
RFRkd, Z2RA%i% 2L (P<0.001,
F2) o ARG HIPD-L1 7 # A4 CTRIG WLIE2,
PD-L UGB AL LIS, S5 4] i s B AR A Y €2
YA ILE4,

AR BERP<0.001/E N 227 H Geil2#iE X
AR LU R385 . D XF HLAUCH) DeLongh 4645
RS MM EST/N, b2 8 e ks —2
BRI, LS AR T BT, @ P<0.05H
TR 22 3 0900408, P<<0.001 1 T2 Wk it
FAs B AR e HIW . B FEH LA PD-L1
FRBHSMERANEECTSEES P, R
FP<0.05bRiE, ReiRBLGETT0 a5

#®2 ESCC PD-LISRIZASRREZHBAECTSHILE
Tab.2 Comparison of spectral CT parameters between high and low PD-L1 expression groups in ESCC

X+s
ki

215 ki

fEZCT{H/HU ~ 40keV CT{EH/HU  IDfE/ (mg-mL™") NID Zen
PD-L13Rik4] 78 71.3+16.7 1427 +39.2 12+0.4 0.2+0.04 7.9+02
PD-LIfIk#A4 62 583+ 13.6 105.9 £33.3 0.8+0.3 0.08 +0.03 7.8+02
A -4.945 -5.874 -6.318 -6.504 ~5.949
Pfii <0.001 <0.001 <0.001 <0.001 <0.001
215 e kI

S CT{/HU 40keV CT{E/HU  IDfi/ (mg'mL™") NID Zew
PD-L1F %Kik 78 75.9£16.9 152.9 +34.3 1304 0.4+0.08 8.0+0.2
PD-LIILZRik4] 62 62.4+10.1 118.0 + 19.4 0.9+0.2 0.3+0.04 7.8+0.1
i -5.524 ~7.148 ~7.469 -11.426 ~7.609
Pfii <0.001 <0.001 <0.001 <0.001 <0.001

E2 #EF1RIECTEE

Fig.2 Typical case 1 spectral CT images

BE, Bk, 728, B RENL, SR WIE, sR{EW; CPSIT4r=60. A~DABIIKM. A: BURREER (ID) ; B: fARURFIT
B (Zy) 5 C: fEGCTIE; D: 40 keVIEUEAREIE . E~HARHIKY . E: BUSEER (ID) 5 F: ARUETFFEE (Zy) 5 G: f£5CT

Kl H: 40 keVIEIIHARESRF
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E3 H#EFHI2HIECTE R
Fig.3 Typical case 2 spectral CT images

B, B, 598, EEMTBRY, MBS, SYSER; CPSIES<1. A~DNahlikill. A: #UsER (ID) ; B: ARJETF
I (Zy) 5 C: fEHECTIE; D: 40 keVIESIRRESIA . E~HAFIKY . E: MUEEE (ID) 5 F: ARURTIFEE (Zy) 5 G: fE5CT

Kl; H: 40 keVEEIPAREG A

B4 ESCCHrAfREBRNFREBLER
Fig.4 Immunohistochemical staining results of an ESCC specimen

A: PD-LUIKFRIK, HORMFE1004%, CPSIT4r<<1; B: PD-L1m#ik, HORAHE4001%, CPSIT4160.

2.2 FRECTSHWIMESCC PD-L15. KFKE
K% &8

ESCC PD-L1 . fRERxd N2 %A Giit
B ROEIECTE &S MM PD-L1 . K#KiE
HILRE W33 K E5. PD-L1E 32841 7E 8 ik Fn
KRG CTIE . 40 keV CT{H . ID. NIDHI
2P0 E R TPD-LULRIEH, ZRA5IF
B (P<0.05) o Mik—4 a4 S 5mimiag
REM 225, B2 B TR SR E A P<0.001, ##
FKIINIDXFESCC PD-L 13 5 b 3 24 56 fe £
AUCH0.954 (95% CI 0.916~0.992 ) , Z&45%k
WU KA(EH0.883, LL0.298 ki, HARBUF N
94.8% . FESERER93.5%, LIP<0.0013%7&E M &

PEFRAE, HIKPINIDAYAUCH # KD (AUC
$70.848, Z=-3.504, P<<0.001) . f£%CT{A
( AUCK0.779, Z=4.520, P<<0.001) Fi140 keV
CT{H ( AUCH0.830, Z=3.828, P<<0.001) =[]
2SS B G FE S, MSFIKIHZ., (AUCH
0.853, 7Z=3.401, P=0.001) M2z RN L4 2%
=X, #IKNIDRAUCH shIkIAYID ( AUC
$410.798, Z=3575, P<0001) . Z; ( AUCH0.784,

773826, P<<0.001) . fZ4CT{H ( AUCH0.748,

Z=-4.427, P<<0.001) #0140 keV CT{H (AUCH
0.782, 7Z=-3.843, P<<0.001) Z[alf2=H G5
TR S, H53KANID (AUCH0.833,

Z=-2.938, P=0.003 ) MZERTLIFE .
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#3 HRECTEESHMMESCC PD-L15. RFRIEHIZEE

Tab.3 Performance of quantitative spectral CT parameters in predicting high and low PD-L1 expression in ESCC

e AUC (95% CI) T RAGE % PR % 2P FEHL
Bk
fegCTii 0.748 (0.664~0.831) 66.15 HU 61.0 85.5 0.465
40 keV CT{H 0.782 (0.704~0.861 ) 129.4 HU 68.8 85.5 0.543
D 0.798 (0.722~0.873 ) 0.98 mg/mL 71.4 82.3 0.537
NID 0.833 (0.762~0.904 ) 0.10 79.2 83.9 0.631
Zeir 0.784 (0.706~0.863 ) 7.8 77.9 71.0 0.489
fiidnes!
fESCTIH 0.779 (0.701~0.856 ) 71.55 HU 57.1 91.9 0.49
40 keV CT{H 0.830 (0.762~0.898 ) 131.5 HU 77.9 79 0.569
D 0.848 (0.786~0.910) 1.02 mg/mL 72.7 80.6 0.533
NID 0.954 (0.916~0.992) 0.29 94.8 93.5 0.883
Zer 0.853 (0.762~0.898 ) 7.9 77.9 77.4 0.553
A o B -
0.8 1 08 -
% 0.6 i 067
& — A ;;%( — D
0.4 4 = %gmﬂim N 04 A — %éﬂ%m
— Febmscnm B
02 { = 02 { =
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1455 1R 5

Skt
E&kID
NID

Zeffe
FALEBLCT(H
Lk EGECTH

LT

Zeffe
PRI
ESMRACTIE
40 keVOTIH

Z5EK

0 7 0.2 0.4 0.6 0.8 1.0
1455
E5 HiECTEESHTMESCC PD-L15. RFIZAROCH L
Fig.5 ROC curves of spectral CT quantitative parameters for predicting high and low PD-L1 expression in ESCC
A: SR R B: Bk C: #RIki.

KEFEW AL, ESCCHIAITE & A —

RIS IBTBR . PD-L 12 2 A st 400 1 570 S ) V3 9 7 )
RHEYbREY), HilEd ST FAPD-152 14

B IR S BE G )T BN TRAESE, PD-LUM] s Aol mal TAn s v, T s 240, 4
RIFEIRITESCCHy I YT Ak, AT W EAE P IR p7 - A s v, 36k PD-L1
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TS A IR S IR YT 1 R N B AE . CPSIR
W, RE B i g 21 4 PD-L 1 36k il i %
RUFR AT R AR . SRS T BB ST S R
N, SRALST T EA L, AR ER b AL
J7Y A L HWESCC PD-L1 CPS= 101y ik H £
TR SR 2

CTHH 2 BB B H i F R 7 =,
(AL G CTHR = 1 & S5O0 Xk e
WA HEAT AT, AHEZ T, ik CTRIE AN [ 4
ZUEATRHIE XS ZR B, ) G 800 AR
A A G SRR, AT LS B Xk i A A D
Yie, RESRAFAIRIRESGL F B IIARELLE . 1D,
NID. ZMheish 25 =g, EER SR inig
Wi, R T S mERSRE R aTsh 7E
MEAE BB BTSSR, i CTS M I
EIRNSWE, HIWHRE =R OREE . ke
R 2 (5 B, NI BhiE K2 W,

Zopfs®s " IBESE RN, SR RE RS
HHEE, SGIECTSET A BB IR TE40~60 ke Vil
Rl N LA 0 3 T i A M b, 40 keV
(14 B i 2 P61 0T T A8 v kb ) U B8R e A
L, ASAFIEIEE40 ke VI ARESR KI5 . TEA
WFFREE b iR, PD-L1 5 283k 20 78 30 ik i
WKL 5 CTI . 40 keV CT{H . ID. NIDFIZ,,
¥ S TPD-LURERRA, 2RARITHEX
(P<<0.05) . XUEZEREH, SLiECcTS40mE
WU S WPD-L1 5K 1) 22 5% . IDFINIDSE i
CTHAFMTIRESEL, T VFA5 e 212 N A9 1fi
T A B AN . IDAT RS X4 bR 51 H
ZH AU IV T 2 SRR A E B A T RE A B
1R 2 TR PD-L 19 i 8 5% 2 B0 HE B 37 109 I A i
TP R AR A0 BRI, DA T B0RS a JAe 34 o An
BBOGT LU RIS B3 38 0 o 3 Wk AN ik I A ID FINTD
{HAEPD-L1 = 2B A g vh i T i, X R X 43
PD-L1fE ., (RFEAMEERME T AT B

EMRZGIECTS 4, #IKWINIDXTESCC
PD-L 1A MR e fE, AUCH0.954 (95%
CI 0.916~0.992) , LL0.298NHELWHEIT, ki
NIDH) RAEE H793.6%, F55FE H93.5%. ik
WINID 5 2h ik PINID T 2L RE 1) 25 5% o Ge 124
S, R MKANID FIER K INIDTE — & B I

BT AE A HIWPD-L1FA B A EIECTS 8, H
FRBKIEINID A UM AL R B Ry 58 3k 55 LAAE (B
g2 T EE R, SR, Sh Bk
TR AE S S5 5 4, B iEd/h HoEAT AR
W, SO HR B A kL . iR K, B
BRI AE R, X bR 25 120 B 33 s B8 A g
Skt A, DR Ik D B 8 S B et PR BT A I A
B, iR B A i AE S RS R i AR 2R AT AR
X, WHEPD-LIAYRBAKT-, PR fhof 48 1
L RE A ] 422 S IV A S B RO . AR AR5
R B HEE o AR 9 B AR A B R K INTD 5 i
P8 W K M L R G e A X N e &R, A B
gy R, MR SR (SRR, 3L
JBE M . Rl RO L [mD 9L ) T AE R DI 3 5 C T
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