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Application of energy spectrum CT image parameters combined with
PIVKA 1 to predict radiotherapy resistance in patients with
triple-negative breast cancer
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[Abstract] Objective To predict the radiation resistance in patients with triple-negative breast cancer based on
spectral CT imaging parameters and combined with vitamin K deficiency or antagonist [l -induced protein (PIVKA-]).
Methods A total of 80 patients with triple-negative breast cancer who received radiotherapy in our hospital from May
2021 to May 2024 were selected and their general data and energy spectrum CT imaging characteristics were analyzed.
Logistic regression was used to analyze the factors affecting the patients radiotherapy resistance. lLogistic regression was
used to analyze the relationship between energy spectrum CT imaging parameters and PIVKA-[[. Logistic regression al-
gorithm was used to establish the radiation resistance prediction model of energy spectrum CT imaging parameters com-
bined with PIVKA-[l , ROC curve and AUC to evaluate the prediction efficiency. Results There were no significant
differences between the two groups in cancer location, body mass index (BMI), menstrual status, hypertension, diabe-

tes, smoking history, drinking history, age at first delivery, family history, BRCA mutation, lymph node metastasis,
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type of surgery, CEA, CA153., etc. (P>0.05). There were statistical differences in age, pathological grade. course of
disease. long-term use of contraceptives or estrogen. PIVKA-[[ (P<C0.05). Among the characteristics of energy spec-
trum CT imaging parameters, there were statistical differences in k value (40~70keV) in arterial and venous phases, 1C
value in arterial and venous phases, focal diameter and tumor margin between the two groups (P<<0. 05). Age, patholog-
ical grade, course of disease, long-term use of contraceptives or estrogen, PIVKA- Il concentration were the risk factors
for radiotherapy resistance (OR>1, P<C0.05), and there was no multicollinearity among the variables. After adjusting
for age, pathological grade, course of disease, long-term use of contraceptives or estrogen factors, there was a correlation
between arterial kyo7rev » arterial IC, venous kyo7oker, venous IC and focal length and PIVKA- [l concentration (P<<0. 05).
All parameters of energy spectrum CT imaging combined with PIVKA- || had good predictive value, among which PIV-
KA- I +arterial phase ki -7oxv +-venous phase ky~7orev +arterial phase IC+venous phase IC+lesion length diameter (P4)
had the highest predictive efficiency, and the AUC was 0. 855. Conclusion Energy spectrum CT image parameters com-
bined with PIVKA- [l has a good value in predicting radiotherapy resistance in patients with triple-negative breast cancer.

[Key words] Energy spectrum CT; Image parameters; Vitamin K deficiency or antagonist II induced protein; Tri-

ple negative breast cancer; Radiotherapy resistance
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FR S H BE I 5L T AF B8 ACET Y I A e R R A
W B — S W g E B AR I AR A I R AL 2
FIRIGIN A2 W I8 A0 M R BOEE R 4806 ~ 6206, FE
S 8196 ~98%" . i & A X PIVKA-1I 5 Il TN-
BC A AT 58 8/, i 1 1R i AR SC I 58 2 5 W0 58
H5HW., AR EEEL AT CT ¥R 0SS
PIVKA- I #4347 TNBC & & & A U7 #0016 O,
Il D B B 2 k1 L L RE A B R AR A R R il RYR T O
RS %,
1 BEMERE
L1 BFZx%  #E 2022 4F 122024 4F 5  FA&
B k12 IF HEAT B IR TT B9 80 ] TNBC & , iF 58 N
AUEY ER e 2, WAFRE: DER.PR
S HER-2 #5845 2R O B, 50 95 20 2040 2 46 T &4
ANTE T 0% Y iR 200 I e 6 B PR R E ) ER VPR BAE L 4

PEH AL AR ISR 0 3 17 (5L 27 H AL R 52 4
REAMERE 7 HER-2 BATE . O3z B W 7L iR 7
FAR I AT R Ak . O B 58 B 1 i TR
GORLFC 2 2 s R A5 . HEBR AR e . O X st e,
Okt EAR/NT 10 mm, 5 &R T M . 52 06 45 4E 42
B, O0WaER e, @F IF HAE M. BT
5 A R SE PR ACR - K B85 30 23 DA T T AR T A R AL
A AN KA 2R e AR AR Z RN R T 3096 LB R
T Ik BN A S T A R e 2 R A
BT, PR GT4LA 56 Bl A R 24 B,

1.2 FHik
1.2.1 WRE SHBEERTWEMCHER. B

VAL HE o3 B0 03 9 R AR R R 67 BMIL H 220k
A A TC s MU A TCHE R B0 7 A 1 2 B
A R UR R A K I I e 2 2l M R L A L
IF 968 55 8% 3& Al (Breast cancer susceptibility genes,
BRCA) 2748 | i J7 Al PIVKA- I ¥ BE L ik 12 45 54 58 4>
12,2 JRSHTEE T R E A ENE A LR B E 46
2R CT BEAUE B2 AL b, ) 1 B DI | 0 JIE 55 B 32 3%
BLHLIX T4 AR R LR 6MIV-X 2R i 7 15 % R 5
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i %G BS-280 B 4 [ 3l A= Ak 4 A Ak M 9 IR BE iR
(CEA) BE2EHT B 153 (CA153), BRCA HE[H 28 78 %
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F1 —BRABSH(x£5),0n(X1072)]
Table 1 Analysis of general data
i H B (n=56) HRH(n=24) z‘/)(2 P i g HEPLH (n=56) HRLHn=24) t/Xz P
D) 49.38+5.22  43.57+7.14 4.069 <<0.001| k& 0.034  0.853
9 3 % 18.796 <<0.001 2 4(7.14) 2(8.33)
T 4(7.14) 1(4.17) & 52(92. 86) 22(91.67)
i 12(21. 43) 17(70. 83) B 7= A 0.623  0.430
I 35(62. 50) 4(16.67) <35 % 19(33.93) 6(25.00)
v 5(8.93) 2(8.33) =35 FBAE 37(66.07) 18(75. 00)
i TR (4F) 3.64+1.69 2.10+1. 35 3.952 <<0.001| FJkhHh 0.529  0.467
Jii A8 3.262  0.071 H 48(85.71) 19(79.17)
2R 1] 25(44. 64) 16(66.67) I 8(14.29) 5(20. 83)
LA 31(55. 36) 8(33.33) K 09 MR ok 2 24 o 8 3R 5.540  0.019
BMI(kg/m?) 1.010  0.799 el 39(69. 64) 10(41. 67)
<18.5 15(26.79) 8(33.33) ¥ 17(30. 36) 14(58. 33)
18.5~23.9  29(51.79) 14(58. 33) BRCA % [H 28748 39(69. 64) 15(62. 50) 0.391  0.532
>23.9 12(21.43) 2(8.33) PIVKA-Il (mAU/mL) 22.608 <<0.001
Ha&R®E 0.623  0.430 <50 19(33.93) 22(91.67)
K4 % 16(28.57) 9(37.50) 50~300 26(46.43) 2(8.33)
Y 2 40(71. 43) 15(62. 50) >300 11(19. 64) 0(0.00)
e AL R 0.098  0.755| WhELEEHER (1) 0.313  0.855
2 10(17. 86) 5(20. 83) 0 11(19. 64) 6(25.00)
i 46(82. 14) 19(79.17) 1~3 26(46.43) 10(41. 67)
AR 0.168  0.682 4 19(33.93) 8(33.33)
b3 9(16. 07) 3(12.50) FARIKA 3.703  0.157
& 47(83.93) 21(87.50) PRFLA 10(17. 86) 7(29.17)
T S0 5B 0.016  0.898( FLEYIBRA 18(32.14) 3(12.50)
= 2(3.57) 1(4.17) MR AA MR TIBR AR  28(50.00) 14(58. 33)
7 54(96.43) 23(95. 83) CEA(pg/L) 15.4244.03  14.06+3.52 1.434  0.155
CA153(U/mL) 45.21+7.49  43.32+8.12 1.009  0.316
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Figure 1 CT conventional plain scan (A) and spectral optimum single energy (B) images
R2 B CTEESEBESHT xts.n(x1072)]
Table 2 Analysis of energy spectrum CT image parameters
i H HITH (n=56) ARBA(n=24) 1/y* P i H P (n=56) A (n=24) /4" P
BRI kao—70 kev 5.12+0. 85 3.42+0.73 8.534 <<0.001| Ffimg il 7.485  0.006
FKI Kio~100 kev 3.26+0. 69 2.2540.58 6.277 <0.001 Pieis 21(37.50) 17(70. 83)
S ko140 kev 2.0140.41 1.92+0. 33 0.950  0.345 iRt 35(62.50) 7(29.17)
K 1C100 pg/ml) 23.77+3.41  18.06+2. 69 7.281 <0.001| & HNIRIE 0.297  0.586
BRI Kio~70 kev 4. 26+0.56 3.05+0. 48 9.224 <0.001 H 34(60. 71) 13(54.17)
BRI Kio~100 kev 2. 89-0. 80 2.54+0. 62 1.909  0.060| & 22(39.29) 11(45. 83)
F K ka0~ 110 Kev 1. 68+0.53 1.52+0. 55 1.224  0.225| ANk 0.126  0.722
#bk Y 1C100 pg/ml) 20.17+2.02  15.48+1.86 9.737 <0.001| A& 35(62.50) 16(66.67)
R REH CNR 5.1643. 82 5.9843. 16 0.924  0.358 ¥ 21(37.50) 8(33.33)
AR SNR 7.01+3. 94 7.26+3. 41 0.270 0. 788| J& P4 Hi i 0.408  0.523
ikt AR CemD 5.540  0.019 H 38(67. 86) 18(75.00)
<5 17(30. 36) 14(58.33) ¥ 18(32.14) 6(25.00)
=5 39(69. 64) 10(41.67)
2.3 REMEHERABOTIPUOIGIR H R4 U2 T4 EEOAZEDHRY
E\Zf ’j: ﬁ& T? :J:EE ?}T, j\] é:él: = % i (% =1, %‘ =0), % JEH Table 4 Collinear diagnostic coefficients of variables
. — H#E Ao VIF
Logistic[a 153 57 17 B8 Y B 0 1K 38, 45 5L 505 1 19 - oo e
A . .
Iiéj\é&\ﬁ%%ﬁﬁﬁ”\ﬁ,ﬁﬁH&Fﬁﬁ%@%ﬂﬁﬁ/ﬁ%‘m\ﬁ 5 T4 9% 0. 851 2.964
KA I o g 2 2 A 4G 160 i o B2 PR 36 COR> 1. i 0918 2651
S e S B A T N K IR e 2 24 R 0. 934 4. 948
P<0.05), W3 3, M2 Wik g nl A8 & Z (8] Y 5 .
PIVKA- Il ¥ & 0. 854 2.071

Z % Bk A7 (Variance inflation factor, VIF) /NF 5,78
a2 (AU B ST AR 2 AR L LR 4

x3 EMEEXERTRANEREZSH
Table 3 Analysis of clinical factors affecting patients” radiotherapy re-
sistance
EES B8 SE  Waldy?  OR(95%CD P
g 0.602 2.685 0.050 1.826(1.559~2.156) 0.032
P 4 4 0.791 3.211 0.061 2.205(1.651~2.935) 0.005
T 0,926 0.951 0.949 2.525(2.102~3.050) 0.021
F MR AT 2 25 B R 1,256 1,354 0.861 3.513(2.912~4.165) 0.028
PIVKA-[l¥& B 0.606 1.314 0.213 1.834(1.591~2.168) 0.023
2.4 BEIE CT 4B HM PIVKA-IT XA [

Logistic [MIH AT #8131 BB CT #AZ S50 PIVKA-

M 5CFR L EE R B om RV KA1, 21 Bk koo ronev + BN
KA TC K koo —roev ~ B8 WK 9] IC AR K A2 S
PIVKA- Il & BEAFFE R Pk (P<<0. 05) . B2 IEAF %
BTG R A DI IR 2 2 SO S R R S, B ik
B ko roev ~ I IKH TCH B Koo roey « S IKIH 1C AN
ikt K42 5 PIVKA- I ¥ BEATYAA 78 AH SE 1 (P<<0. 05)

W5,
2.5 Beik CT 2RSS G PIVKA- I /Y #5014

el CT BS54 4 PIVKA- 1T (P1~POHO ¥ HA
iﬁfﬁ?’ E{] ﬁ@}“ﬂ fﬁ{ﬁ ’ /H\: q:' ] PIVKA‘ ]] + fj] Hﬂ(gﬂ krl()N7()k(‘V +
K 3 Kooy + 3 K B9 1C + F Bk 0 1C + 95 4 K &2
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Table 5 Correlation analysis between energy spectrum CT image parame-

ters and pivka- Il

PIVKA-I & (mAU/mL)

OR' (95%CD P OR*(95%CD P
1.10(1.01~1.26) 0.047  1.25(1.05~1.38) 0.034
0.96(0.82~1.10) 0.136 0. 98(0. 88~1.12) 0.116
0.91(0.79~1.06) 0.141  1.02(0.88~1.14) 0.132
KT IC(100pg/mL)  1.58(1.14~1.82) 0.038  1.53(1.25~1.78) 0.028
K] ks~ ronev 1.28(1.09~1.52) 0.033  1.39(1. 25~1.48) 0.016
K kio~100kev 1.08(0.53~1.78) 0.085  1.51(0.84~1.85) 0.074

1

2

1

0

2.

lj]ﬂ]j(,ﬁﬁ k117’\70k(‘\/
fj”ﬂ(/ﬁ;’q kl(}"*lO(}kuV
ijjﬂﬂkwll klONl'l(\ch

K k1o~ 110kev L72(0.55~2.83) 0.058  1.23(0.45~1.76) 0.062
HIK 1CC100 pg/mL)  2.54(1.91~3.13) 0.017  1.62(1. 35~2.06) 0.018
R AE R CNR .61€0.87~1.92) 0.229  1.58(0.93~1.99) 0.125
IR AE I SNR . 93(0. 65~1.61) 0.097  0.82(0. 60~1.60) 0.082
kKR (em) 04(1.51~4.03) 0.021  2.31(1.95~3.69) 0.018
iUk ¥ i 2.17(0. 84~3.62) 0.332
H:ORY R RAGIERERL,OR? Ry A% 15 95 B4 G 96 B2 AR % L < 30 R s
Zgi M R A R R R,

(P4) T % i i 5 » AUC SN 0. 855, fft Jak 5 1 4 S JiF
9N 94. 53 % F1 90. 65 %, ¥ T HA S8 & ) T
M, W6,

2.46(0.89~3.59) 0.231

R 6 BEE CTRESHE S PIVKA- I BIH R AE
Table 6 Prediction efficiency of energy spectrum CT image parameters

combined with PIVKA- [

s e
I kio—70 rev 0.746  0.713~0.799 0.025 0.731 83.18 75.62
B kio—100kev 0.589  0.526~0.627 0.062 0.714 76.63 80.12
I kio~110 kev 0.608 0.528~0.639 0.051 0.732 72.35 79.11

kW) 1C(100 pg/mL)  0.653  0.601~0.693 0.026 0.801 80.62 75.34

HIKM kio—70 kev 0.755 0.716~0.791 0.017 0.816 81.30 76.91
HIY kio~100 Kev 0.706  0.629~0.758 0.051 0.736 80.11 74.62
FI ks~ 140 ey 0.735 0.706~0.783 0.060 0.789 75.62 73.89

Hr ) 1C(100 pg/mL)  0.796  0.701~0.829 0.034 0.713 78.61 76.43

SRR R CNR 0.526  0.509~0.638 0.082 0.734 73.18 72.67
SRR SNR 0.566 0.517~0.617 0.073 0.699 75.68 73.94
ikt KA (em) 0.612  0.589~0.628 0.027 0.782 82.01 79.82
PIVKA-]I 0.641 0.601~0.762<C0.001 0.801 86.43 81.30
Pl 0.752  0.703~0.852<C0.001 0.797 84.57 85.63
P2 0.741  0.716~0.774<<0.001 0.750 76.65 79.28
P3 0.823  0.800~0.887 <C0.001 0.816 91.06 80.14
P4 0.855  0.806~0.963<C0.001 0.881 94.53 90.65

7E :P1: PIVKA-TT+ 3 Bk kio~rokev 3 P2 : PIVKA-TT+ 3 Bk B ko~ rokev +
BRI Kio—rokev 3 P3 s PIVKA- I+ BBKIB Ko rokev + BB Kao—rorev + 30
Bk 91 1C + # Bk ) 1C; P4. PIVKA-T + 31 Bk 3 kuo—ronev + i ik 0
Kio—7okey -+ S I TC+ #B I 10+ i kE K 72

2.6 BENE CT RS HE A PIVKA- I 10 BT #E
PRI RAZBEFIAFLRE RN CT 143
G PIVKA- I 15000 5CT7 KU A B, P oAy 455 70 33 3]
MER 37 A T A AL 40T . Logit (P) =— 1. 436 +

0.533(PIVKA-T1) +0. 664 (BB ki ey ) +0. 449
(B 1C) +0. 622 G K I Kyo—70 ey ) +0. 200 G fik
M IC) +0.568 (R &k K 42>, ROC #h & T i L4
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