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The predictive value of anti-Xa factor activity and serum endothelin-1.
solute carrier family 39 member 11 for the occurrence of deep vein
thrombosis in the lower extremities of patients with gynecological
malignant tumors
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Laboratory Technology »School of Basic Medical Sciences , Shanxi Medical University s Taiyuan 030001, Shanxi China)

[ Abstract] Objective: To explore the relationship between anticoagulant Xa factor activity, serum endothelin-1 (ET-1),
solute carrier family 39 member 11 (SLLC39A11) and the occurrence of deep vein thrombosis (DVT) in the lower extremities of
patients with gynecological malignancies. Methods: A total of 270 patients with gynecological malignant tumors (malignant
group) and 230 patients with gynecological benign tumors (benign group) were selected as the research subjects. The anti-Xa
factor activity and the levels of serum ET-1 and SLC39A11 were determined and compared. Lasso-Logistic regression was used
to analyze the influencing factors of lower extremity deep vein thrombosis (DVT). In addition, the predictive value and clinical
significance of anti-Xa factor activity,serum ET- 1,and SLC39A11 levels in the occurrence of lower extremity DVT in patients
with gynecological malignant tumors were analyzed. Results: Compared with the benign group, the malignant group had lower
anti-factor Xa activity and higher levels of serum ET-1 and SLC39A11 (P <C0. 05). Lasso-Logistic regression analysis showed
that D-dimer,antithrombin Xa activity, serum ET-1,and SLC39A11 were the influencing factors for the occurrence of lower
extremity DVT in patients (P<C0. 05). The area under the curve (AUC) of anti-Xa factor activity,serum ET-1,SLC39A11 in

predicting lower extremity deep vein thrombosis (DVT) in patients with gynecological malignancies were 0. 844,0. 799,0. 771
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and 0. 931 respectively,all of which had good predictive value Within the risk threshold range of 0. 06 to 0. 83. The combined

prediction of antifactor Xa activity, ET-1,and SLC39A11 for lower extremity DVT in patients with gynecological malignancies

had a significantly greater net benefit than that of a single indicator. Conclusion: The anti-Xa factor activity, ET-1,SLC39A11 are

related to the occurrence of DVT in patients with gynecological malignant tumors. The combined detection of the three has a

good application prospect in the prediction of postoperative DVT.

[Key words] Endothelin-1;Solute carrier family 39 member 11; Anti-Xa factor activity; Gynecological malignant tumors;

Deep vein thrombosis

VR BK L #2 (deep vein thrombosis, DVT) & i
ik o A4 A FE ) —3R 43 T R A DVT i e B L 4
B = HORDER LA S T2 . © RN AR B R R
AT BRESEA RN R o R
F AR A 2 A AR 8 3 T 5l B, I = i
A e B e U R S PRI , 45 1 300 L 7R e PR R B
2O kR, ™ E R E R e REE Ko
JEETH L G S SRR bR L R R R
iR B RS R DVT & e A BE, il PR 7 3 15
e BT O B SRS . B Xa BT
SEVEAR B BE 25 YRR 0 LR E 85, /£ DVT
R ek & R EAE A S ARME AR DVT
IR 5t WA A 5 N R R-L(ET-D ol i 5 il
WS AF T2 2 s 3 Bk ST AL 40 e 358 5 7 IR 1 TE
el L e (Y N g e BT B U 7o | = (N
PG /R S 5 AT B R BRI W AR A
FWE 39 51 11(SLC39A1D) 2 3% $5 4: J@ At L b g
E R 5 AR T A A P A G B r T ad
T8 R mEALEEC I 25 DVT j sl 2 . Ht
Xa N FiEPE ET-1 K SLC39A11 43 5 AT e Th fiE
W K 4 JRACIE = A e EE S S5 ARk, T
AL B, HL A — 48 B e D 4 1 B B I R S
g B DVT 1 22 DR 2 AU A BF 9 4 00 Bk &
R0 AT B O A AE . PR B, 06 T Xa TS
PE ML ET-1,SLC39AT11 BE A T 40 A% % 4 ik
BE T DVT KU 1A B o8 w8 25 1, Bk A
WA I DR 1 5 2 RE mR AR B A . BRI AR BIE S
T I I = I 2R AR K R I Bk S B S A
DU AL I i Jg £ 3 & 2B R i DVT 10000 &4 g
Sh R S R R AR A bR AR 1 DVT R B A
PR O] 5 (0 HE S A

1 #MEFRE

1.1 —maEs

PEHL 2023 4E 10 A £ 2025 4F 10 A 117645 % BH
B BE IR I 252 ARG YT 0 270 B0 R4 b9 R
HONE R AR (57, 6819, 23) &, 4K T & 15 %K
(BMD (22. 39 £ 2. 45) kg/m” ; 53 & B [6] 191 e ¥4 114
230 AR R PRI 85 R4, AR (56. 87 &

8.83)% ,BMI(22. 49+ 2. 36) kg/m", Widl— ¥t
BEAER . BMD L4 it 25 % (P >>0.05) ., 94 Afx
HE - (1) R 21 20905 B 9S4 5092 R B0 S 98 L 7 5 P
I M B I FRBITHE (O BRIEA N 5
JULYEE L BN L R R B R, TR R
W2 ARG HLGHE AR AL O 4 M HFK
JE A R . HEBRARME . (D A B AT 8 I o]+
YL BE 1M1 ) 58 e 1M A% TE il AH G386 25 W 5 (2) R &R
B 5 (3) oA T b 2 5 (O TCIRIEE & 5 (5)
INHIBEAS . A 9T B 20 ad 5 B 48 B 25 51 & d it
(2024074) ,
1.2 A&
1.2.1 i d Xa B F & L ET-1.SLC39A11 K
oA N SRAE AR AL AN R A A BE AR BT (I
25T AT 25 B S I I 4 ~5 mL . 38 B 4325
SJE S A-80 °C UKHE N R AF . ELISA B4 I il %
ET-1 C I ifg 48 R B 2B 45 B 22 A R 2 A, 58 5.
YLK1942E) \SLC39A11 (I 37 B A= W Bk 5 A5 R 2>
AL 5 BW19200) , 2 MR UE B 5 A7 3 /E. SR
KAEY) AP Xa 706 M R e AR 4 YR
FABRA T 55  XA-200) , ™ 4% 4% FR 2t 1) & 100 B
BEAE,
1.2.2 DVT iFf X ERHEYE MR B B 17H
WALIBIT R ARG 1 H 2% DVT #5612 Kibs
WL B0 2 R B R R R DVT B A I3
SN AT, e B kT
DVT,H} DVT 4 Z AR KHE T DVT,.IH N
EDVT 4.,
1.2.3 #Rk & IERH BMILMIEER TR
T 0 JE A 68 I 6 T ] 9k 28 200 i 31 5 55 B2k
1.3 HITZEHSHH

K H SPSS 25. 0 Xf 84l AT S it o dr. £S5
TE 2S00 BB L (o 4 5) 387 L 4 1) He A SR
ISR ¢ K50 s THECHER LA [ (V0D 1387, L [R] [
BER FAB ST REAS XP K 58 5 Lasso [\ 5 43 i 48 10 F}
M R R R AR TR DVT BB R 2, 2 &
Logistic 8] 13 4 #7 {1 B 3% vk b g B B & 4 T
DVT (520 A % s ROCDCA #1843 15000 A 1 K
GRME. P<<0.05 NERAZITHEX.



FRALE B Xa AT BT ) B R -1 IR BRI 39 BT 11 R SrURh B i o6 A6 A T UACRE B 9 0 4 £ 1211

2 #R

2.1 WHBEMDFR Xa B FiFHEET-1,
SLC39A11 7k FEb 3

AT Xa B FIE AN R4, g ET-
1.SLC39A11 K F R (P<C0.05), W% 1.

F1 WHBEMER Xa BFFEHE.ET-1.SLC39A11 7k

FLe& (x+s)
45 i Xa W FHiE(JU/mL)  ET-1(pg/mL)  SLC39A11(pg/mL)
Al (n=270) 0.3040,07 73.63+18.65 139.39+32. 51
R4 (n=230) 0.36+0.09 62.1749.12 121.57+26. 43
¢ fli 8.377 8.493 6,649
P <0. 001 <0. 001 <0. 001

2.2 THABE—MARER

WHE 270 Bl ARG EMBE R FE ARG 1A
DVT BAERO, i & AT DVT B 47 #i, ok
K4 T DVT ¥ 223 i, 54 DVT 41 b,
DVT 4F AR A] /MR D- R K i ET-1.
SLC39A11 K34 F . FUAE 11 Bt Xa I F G 1E 1
AR (P<<0.05), W2,

x2 MABE—MEMER(xLs),n(%)]

— MR DVT #(n=47) JDVT#HGn=223) 2%/i i Pl
FE () 58.6348.79 57,4848, 62 0.828  0.408
BMI(kg/m”) 22,5442, 42 22.36+2.39 0,468  0.640
F A A (min) 202, 48+51.73 185.59+48.61 2,141 0,033
iREE ] 0.059 0,971

i B 10(21.28) 50(22.42)

THENEE 26(55.32) 124(55. 61)

B 1123, 40) 49(21.97)
FAER 0.393  0.530

i 39(82.98) 176(78.92)

I I 8(17.02) 47(21.08)
3 1l FE 13(27.66) 72(32.29) 0.385  0.535
RS 4(8.51) 32(14. 35) 1145 0,285
D RER 3(6.38) 219, 42) 0.441 0,507
T4 1 BB 16D ) 17.96+1.83 18.11£1.92 0.491 0,624
68 1L SR B EE () 112.65412,57  113.05213,08 0,192 0.848
6% 1L 5 TR T 6] () 10,7941, 12 10.87£1.31 0.390  0.697
PR M OC107 /1) 3.7541.03 3.66+1.02 0.549  0.584
K 4 X 10° /1) 1.6840.42 1.72+0.39 0.630  0.529
FEMA/L 39,7344, 01 41,86+4,22 3171 0.002
MM HSCX10° /1) 281.97+78.35  254.39471.21 2,371  0.018
D= Efk(mg/L) 1.13+0.25 0.5240.14 23,145 <0.001
i Xa [/ F 36 45 (TU/mL) 0.2140.05 0.32+0.08 9,053 <0.001
ET-1(pg/mL) 83.62410.79 71.5349.85 7,519 <0.001

SLC39A11(pg/mL) 156.25+22.16 135.84£16.29  7.292 <<0.001

2.3 PAMEMMBEEELXETE DVT (9% M0 E

=00
PIEARE g B A4 FE DVT(DVT =

1,IEDVT=0ONHZTE, UL 2HFERAGITHE
SRS TFAREE] & AL AL D- R AR Bt
Xa A TG ET-1.SLC39A11 (34 Hy 3% 2248 &)

HHAZRGE 7, R R B MGFHELT Lasso 43 #r i
TR MAET AL A=0. 04948118 A, BI I ML REL B,

AR BE 4 AT 2. D- R AR Bt Xa B 7
P ET-1.SLC39A11(F 1 &K 2), #t—Hilid £
A # Logistic BF4r#1 7, D- K 5t Xa FHF
TEME MW ET-1.SLC39A1T 2 10 RF % Pk fith i m

BT DVT B R ZR (P<<0.05), WL# 3,
3 4 5 6 7 7 7
0.8 —
ri
0.6
0.4
NG
o
=
0.2 7
0.0
—Log(N)
B 1 LASSO AT ERHFHEFTE
0334445555677 7777°7
1.0 %
w4 0.8 ,‘J'
E |
= .
= 3
11 0.6 Tl
I ‘ \ ‘ ‘
oy | sosssses
| ‘.,.."'"'?"”‘”" .«-"?“"“"'""““
0.4 ‘ \ ‘ ‘
T T T T T |
2 3 4 5 6 7 8
—Log(N\)

B2 RATEFRMLEDTRB(N) K XEIEHLZE

x3 ARBEMBEETR DVT WEMEZRS N
Y BfH SEfi Waldfi Pfi ORfH 95%CI
DRk 1730 0.572  9.144  0.002 5.639  1.839~17.302
ET-1 1,509 0.382 15.599<C0.001 4,521  2.138~9.559
SLC39A11 1,355 0.405 11.190 0.001 3.876  1.752~8.573

i Xa B FHEE —1.650  0.436  14.326<C0.001  0.192  0.082~0.451

2.4 FIXa AFEFEMEMF ET-1.SLC39A11 /K
SHAREEMBEELETE DVT BN 2 aE
54 Xa NP 0L ET-1.SLC39A11 %1%



A1 K 10
1212 2026 4= 10 H

JIldL E ZF R F 3] (http://noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 41,No. 10
Oct. 2026

o AL T 4 A R R R R AR TR B DVIT it
LN HE A (AUC) 1 1, 364 B0 Y AUC 2 0. 931
(ZB&-ET-1=3. 801,Z Bt 4&-SLC39A11=3. 974,
Z B A Xa I F G = 3. 996, P < 0. 001),
WL 4,

K4 L Xa AFFEMEET-1.SLC39ALL 7k T 3¢ 43 F} & i
P EE % £ TR DVT BT %88 5 47

B e BURIECD) BRI 248K

AUC(95%CD)

B Xa WP 0.25 TU/mL 0.844(0.795~0.885)  82.98 77.58 0.606
ET-1 81.97 pg/mL  0.799(0. 746~0.845)  65.96 82.51 0,485
SLC39A11 150.30 pg/mL 0.771(0.716~0.820) 74,47 79.82 0.543

Ba - 0.931€0. 894~0.959)  91.49 81.61 0.731

2.5 DCA Hi& RN E

2 w5 KUK B8 K 0. 06~0. 83 I, 41 Xa B T
PELIMYE ET1 5 SLC39A11 B4 T 1 B4 3 2 i i
BE R T B DVT B R AR 25 26 B W fE T 50
febr. WH 3.

1.07) — ¥t Xa M

—ET-1
SLC39A11
&
All

— None

—

0.8

TS
|
—5

0.2+ NN
K \“\.\/\_/‘-\_\
0.0
Al e

[ T T I T 1
0.0 0.2 0.4 0.6 0.8 1.0

R 1 18
B3 DCA H%Z

3 itig

T DVT R IR T AW 5 UL 7 H
KAE  H 1R KRG AR RIS B PR YA C
PRt BT 8 R38R B DVT KR ¥4 5 13
0T R IR IR A OGS R AR R AR R R T
B A 2 G T 2 Il R M

PO Xa P71 P2 W00 20 B 2% B 2 11 ik
PUBELG )T 2 S B 45 b . A7 B TS B DVT Bt
YT HORE AL 5 AR AT AR 7 IR AE e
BE 251 AR REAE A O LA YR T T RO D)L T BT Xa
PR3 P 2 M A 20 7 I 3R BT B R i B AR
78 FURT RE S 55 8 A A G I A% A B AR L AT T
TR AR A AR ARSI R hge A
FHL Xa T IHPEREAR, P& JF T DVT #F iy 4L

Xa R 15 M T R U 0 3% R Bt Xa [ F1&
PERTRE S A RbEME MR R H RS DVT &4 .
RIRFEIIME, REE B & B A B e
B E R T R BT Xa IS PR R, HE
PRI e % A ) AUC R 0. 728 3 /R Bt Xa [HF
T PR X I A T B AU FL A — 2 TN e . A B9 46
R BT Xa 736 P #0040 B R R
i DVT B AUC H 0. 844, Z52 0 F B DVT k4=
1 A P 2, 27 BT AR 0 3 S I HT Xa B 736
P A B T RIS DVT ma ik, 8 S~ kit
BEIRIT R B AR IERE I 1 B 8 £ AR S i e =B B
A T B I R RS

ET-1 2 A RO 4 RGE b e & i & R L
it , T 5 I A T BE B AT, R R o0 I A RURS: A
FU'Y, Wang " HFERGE L E DVT KRR,
ET1 5263k, Hoad 26 35 vl 30 i 40 i 3 51 5 3 %
PR FE A IR T, R R bR A Sl R RS O b
PHEEIM P 7K F L, $28 ET1 A ¥ 8 DVT 7112
Wibs 4. AWESE o & B, AR B B S H
K DVT BE MW ET-1 K F% Bk 4878 ET-1
ARES 5 ARG E R kA R . A i AL
ET1 Al 838 o 5 15 0045 P B L 51 i ok il 3 5 i
W LR UE A 5 BRSSO I /N AR % S R B
B A EAE I AE 2R ik 12, 3L 2 5 R iR R
HDVT WEES LR, Bek2% " B oir.
ET-1 7EARJG F B DVT B3 b 2 W3 & &k, HoK
SEF R KA TR DVT B AUC 2 0. 708, %71
ET-1 IR W00 A8 5 R S5 F B DVT (094 B ik
$e b5, ASTFIRWAESL , ET-1 1E K 145 15 M R 5 10
BRI A I DVT JE b B S8 E H (AUC =
0.799) . it ROC {4k 53 Hr . LA 24 % 48 B Kb
W 2 e AR BT (. ET-1 F 81. 97 pg/mL, 21§ 26
ET-1 /K >81. 97 pg/mL W}, 0] 8 Wi /m & B8 ik
WA TN LT RE AL A RACEER B, X —
RIAETR S ET-1 A2 T afn A4 R s 7 40 5 o ok
AT BE R R 3 B R A R i A IR A Y 4 T A
Al EFXHZ B LA A A BRI PN TR
AW RIS ET 22 (R 45 51700 /9 1 79056 w% L 5k B
Sy BEL DT e 6 - L A 0 P A B (AT )3 T R A

SLC39A11 2 5 M 58 17 28 R IR 55 T 9
[7i] B 3 o OB 2 I R A A AR R G I VR A
RRT K SRR N TR ) || N 1 <8 A )
G AR A R B0 R R R A I
SLC39A11 7K 45 i, 2 sg i & &k A F B DVT
[ 37 G B PR 2R L PR i SLC39A11 MY H & B
A ST B XU T R BE 18 T BE 5 E I ) BE K I



ZBHL % A0 Xa AT UG BT E-1 R TR AR 39 BLBY 11 X IR g 2 2 2 T IRV 2 1 4

1213

T BRI L AD  A J SEH HE 2 A T I T A
RUOHR TR TR RE 23S E HOE R RN, HfE
SLC39A11 A] figid o 4 % 4 & 25 F 28 9 4 1 45
W AT REREHERES S DVT k4., b idst
A PR R A £ R T 1) T AR (R A
AU Pan N HFSEARE . DVT B R B
9 SLC39ATL 7K, HK -3 it 5 B B ¥ % iz Tl
Pk AL AR S 0 A ELAE D, B2 DVT 8 1 o A, %
W] SLC39ATL 3 i 42 B B+ % 15 v 5 Wl Tk UL 1t
S, 2 5 08 DVT By B A B 72, S 3
YEN DVT MG 58 s 32 Bt 00 20 HL i 4% . At
SR B I SLC39ATT 7K Fm 4 R 5 4 i e
F R T DVT 9 AUC ik 0. 771, #2758 1L 1
SLC39A11 X AR EEME 8 F PR DVT A R
L ) TR0 AL, WA Sy T RS 9% 2 R 3 I A g XL
Wor N THE (0 VB 26 A2 0 2 b A5 0 5 S W AR It e XU I 1) 40
A AR W R LR E S E AR, AR
TESE, 0 Xa B F I ET-1 K& SLC39A11 EBEA
A 0 EL AT W A 1 TN A% BB (AUC = 0. 931) , &8 3 4l
TR I L I A R DX ] (0. 06 ~0. 83) F& ik
R AR g5 L B OR 2 4E B L Z ML RS S AT R e
A RN 10 RR M bR DV T 45 8 Y B 5T A8
F1 . A I PRS2 B DVT 9 1] RS o | O 01 74 42 it
TRRA 7B AE W A AR L B R R )T R
e,

g5 b AR b g R B Xa TG PRI
M ET-1.SLC39A11 K EHA .5 DVT B &4
KA BEA TR J5 T DVT BHA R A4F 6
JHHT 5

&% i

[1] Yao M,Ma J.Wu D,et al. Neutrophil extracellular traps medi-
ate deep vein thrombosis: from mechanism to therapy [ ] ].
Frontiers in Immunology.2023,14:1198952.

[2] WIFFXIFE XS % COMPASS-CAT LR 1A B8 b b
AR O F LA T2 Gy XU, F900 [ ], v e 2 B 2 2, 2021419
(12):2132—2135,2140.

[3] Jiang XX, Li XY, Zhang J. et al. A nomogram model can
predict the risk of venous thromboembolism in postoperative
patients with gynecological malignancies [ J ]. International
Journal of Gynaecology and Obstetrics, 2022, 158 (3):
689—699.

[4] Mithoowani S, Siegal D. DOACs:role of anti-Xa and drug level
monitoring[ ] ]. Hematology American Society of Hematology
Education Program,2024,2024(1) .178—185.

[5]  #AXMe, 1R ARAR XS 43 T B &k JF 3R % 5 B0 858 RS BE i)

A FI M3t http://cbyxyxb. journalai. cn

(6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(K FEEHI:2026—04—19

RETR AR AR G T B Dk A T i p s e L) . i 55 0k i
2022,28(3) :846—847.

Feriel B, Alessandra C,Deborah GJ,et al. Exploring the Endo-
thelin-1 pathway in chronic thromboembolic pulmonary hyper-
tension microvasculopathy [ J ]. Scientific Reports, 2024, 14
28308.

Wang S,Gui P,Liu Y,er al. Role of methylation-related genes
CRYAB and SLLC39A11 in the occurrence and development of
lung adenocarcinomal[ ] J]. Annals of Translational Medicine,
2022,10(20) :1126.

Pan BZ, Jiang MJ, Chen J, et al. Integrated multi-omics and
machine learning identify an interaction between SLC39A11
and phosphoinositide metabolism in deep vein thrombosis[J].
BMC Medical Informatics and Decision Making,2026,26(1):
48.

Vrotniakaite-Bajerciene K, Carrier M, Wang TF. Risk factors
and management of cancer-associated thrombosis: the ongoing
battle between efficacy and safety of anticoagulation[ J]. The
Medical Clinics of North America,2025,109(4) :857—873.

o B i, EAE A &It . OR AR T IR DK I A 12 W BT RO AR
g RLHLID. i 5 1k i, 2019, 25(6) : 954—955,957.

Erik KF, den Exter PL, Bosma M. et al. Anti-Xa activity in
LMWH treatment: when to assess and what to do with the
result[ J]. Nederlands Tijdschrift Voor Geneeskunde, 2023,
167.D7543.

Riaz IB, Fuentes H,Deng Y,et al. Comparative effectiveness of
anticoagulants in patients with cancer-associated thrombosis
[J]. JAMA Network Open.2023,6(7) ;e2325283.

XUEE )25 BRAR SR, 55 PT Xa I M 4 4B 3R A SR ARAE R ROGTY
EHAJE B e W E L] AR s AR e
2024,41(11) 2476 —2479.

Haidara MA, Al-Ani B, Bin-Jaliah I, et al. Vanadyl sulphate
ameliorates biomarkers of endothelial injury and coagulation
and thrombosis in a rat model of hyperglycaemial J]. Archives
of Physiology and Biochemistry.2022,128(2) ;447 — 454,
Wang Z,Wu Z,Hu Z,et al. ET1 acts as a potential plasma bio-
marker and therapeutic target in deep venous thrombosis rat
model[ J]. Journal of Thrombosis and Thrombolysis. 2024 ,57
(6):1067—1075.

Tocci Py Roman C, Sestito R, et al. Targeting tumor-stroma
communication by blocking endothelin-1 receptors sensitizes
high-grade serous ovarian cancer to PARP inhibition[ ] ]. Cell
Death & Disease,2023,14:5.

kL XRS5 /MR AR ET-1,sEPCR &
ARG T ISR DK I A TR R TR Ak e [ . VAL 2024,
35(11):1628—1632.

Kim EY, Verdejo-Torres O, Diaz-Rodriguez K, et al. Single nu-
cleotide polymorphisms and Zn transport by ZIP11 shape func-
tional phenotypes of Hel.a cells[ J]. Metallomics,2024,16(2) :
mfae006.

&5 B #§:2026—06—08)

BB 48 : xuebaochy@126. com



