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Abstract

Objective: To investigate the risk factors for lymphovascular space invasion (LVSI) in patients with
stage I endometrial carcinoma and create a predictive model for evaluating the risk of LVSI in
stage I endometrial carcinoma before operation. Methods: The clinical data of 425 patients with
stage 1 endometrial cancer who underwent comprehensive staging surgery in Qilu Hospital of
Shandong University from January 2019 to December 2022 were retrospectively analyzed. Logis-
tic regression analysis was used to determine the independent risk factors for LVSI in stage I en-
dometrial cancer. Using these factors as predictors, a risk prediction model of LVSI in stage I en-
dometrial cancer was constructed using R language, and then the ROC curve, the decision curve
analysis and calibration curve were used to evaluate the predictive performance and conformity
of the prediction model. Results: Among 425 patients with stage I endometrial cancer, 118 (27.7%)
were LVSI positive. Univariate analysis showed that age, hypertension, menopause, CA125 level,
pathological type, depth of myometrial invasion and histological grade were significantly corre-
lated with LVI in stage I endometrial cancer (P < 0.05). Multivariate analysis showed that the depth
of myometrial invasion (OR = 6.216, 95% CI: 3.300~11.709, P < 0.001), pathological type (OR =
3.816, 95% CI: 1.122~12.985, P = 0.032 < 0.05), histological grade (OR = 4.032, 95% CI: 1.924~8.450,
P < 0.001), CA125 level (OR = 2.762, 95% CI: 1.503~5.073, P < 0.001) were independent risk fac-
tors for LVI in stage | endometrial cancer. The nomogram prediction model constructed with those
predictors had good prediction efficiency (AUC = 0.812), conformity (mean absolute error = 0.017)
and clear clinical benefit. Conclusions: CA125 = 35 U/ml, non-endometrioid carcinoma, histological
grade G3 and myometrial invasion = 1/2 are independent risk factors for LVSI in EC patients. The
risk prediction model of LVSI in patients with stage I endometrial cancer has a good predictive ef-
ficiency, which can be used to evaluate the risk of LVSI in patients with early endometrial cancer
before surgery.
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1. 518

8 P IR (Endometrial Cancer, EC)/& 2 PE 5575 K WIHEAE, 75 2020 4EAEOH G+ 5 P I
iy 41,700 Bil[1]. ZzE— A= H B A SR I U 2009 3%, IS WRE IR AR 61 5 . TR R =
R, FEABERRRER EFHES, SRR T 132% [2]. BT E PR R RIE R R,
2% Jig P IE S AL, K22 B0 B N S R S BT A JR S AR (67%) » 20% 11 12 W R AT
%I B IZ W NI AR . T E NI 5 AR AEAF R (OS) N 81.5%, 2 WA R AR HIAE A R
29709 95%, A7 H I X Ik L 459k, W) 5 AR AR AR AR IR 24 69.4%, I AL B A A 2R 17.3% [3].
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O W FCIESE LVSI & 18 N IS R AR 2 s ik L S5 e R MO fE R R 3R, LVSI PR R AR 2 stk L g5 56
(1) RS Ay 259%~45% [4]. Ulas SOLMAZ 55 N [5][RIB 1 734 1 827 194552 4= 1 - AR 73 A ) B P9 e 8 %
MIGR TR, RIL LVSI BT bk S5 542 28 0.6%, 1M LVSI FHE =ik 48.9%, H LVSI 27 &
PO LR R R AR R IR R B RS IO SIS TR B . FIRES 36 Hh A £ 3 42232 i W bk ER 45 G i 5 38 1 0Lk
EAEDIRR, 2R B LVSI FIPE R Fk A5 B3 5T LVSI I (44.3% VS 6.3%) [6]. LVSIREL
T S R AR LGS R B DI G, B IE, H BT BRI TEAR BTN LVSI REMFRIE,
KR4 HLX LVSIARZS R BETE T B VIR B AR 5 5 A0 EE AR B LVSI [7]. R HT A e — Pl L%
PP B LVSI RS, X AT LA BhEE AR 0 R 10 5 B R A5 VA 45 HE S v e 0 T, Dy R ARt
ALY, B3 B UG Hk b TR SR FE RIE  AHE 7T H RS | 375 A e s & 2k LVSI
BRSO RS R R, I th LVSI A7 fa R R 25, LR A Pt B F- R 2 | 337 9 s 2B LVSI T
DMAERL, T ARFTVEAS LVSI XS, 8510 PR B A fif i SE RS HE YR YT 7 Rk 4% .

2. EREH&E
2.1. BHEIR

LA B TR, [ 2019 4E 1 & 2022 4F 12 A e T 1L A K E TS E R AT 41 20 3
FARIGIT ) 425 ] | 155 A s A i Im R BRk, RS BAIESE y LVSI BIPER B 307 1], LVSI [
PE 118 . AANARIE: 1) FrA BE S TREAT FE NS ST HFR: S FETIR + U 58
YR + BEMEEIERAEE £ BEINGEMEEERAERAAR: 2) REHRIIES N T AR, I
$5 8 [ 7 LB B(FIGO) 2009 45T AJRER A | 115 3) Tl s AR A 47 290348 7 (T S) s g ok
MRI. Witk S s s, HARMARF R SR BNUZRIERE . RAREE & R EAR G
TGS R—5 4) A B B O A R 58 s 5) AR BT RIEEZHALST . WA iaYT BUH R E5AR
J7o%: 6) MIRTTRIERE . HEBRbRUE: 1) BEAEA JABGRMEMIR R 2 2) RETHSZBUIT . N ilbia YT 8L
R ZEEIRIT S HAMIEYT s 3) RATRAZ 45 R AR RIRILAE R E ARG RELLE RA—5 4) FRMEE
PYVIRR T E MBI R T E NN EE, LeREHRSMFAR: 5) KKERA TR,

2.2. FRMER

[ P OB A 26 PE I | B A B ER L 425 5, AR BRI — R R R B TR R
— IR RMEHE: R AR REIERBMI). VIR 2= RERE; RHA IR (I
PR T EMRAUE. FEUUE); MEFER: ARE(WBC). PRt B(NE). #E4nfEit
H(LYM). I /NREE(PLT) HrPRige i S5k 240 B EEAE (NLR) /MRS ik 2 4B i LU (PLR) . 2040
THH(RBC) S ML & H(HGB); F AR kL RAT CAL25 KV RATFAR AR IR R EESS R OR
BB AR S 0%); FARTR: REHIREOREERA ., AL 0 % WERHERE . LVSLIRE).

23. GtFERE

il SPSS27.0 HEATHAE /Mo MAFE LS ATHIE R R I + dRifEERTS, HIPIREARSIOL t
RIS AT LA LA 76 M A 0 A ) g B BORE AR S B R DU A7 R B AR s, AR AT 96 1347 4L 8] LA
RGBT BN (Y)1F, RARITRS L Fisher MBS EIHT LS. K@i BA LS R R 0 1
T EAT GE i A B R RN T Logistic 2 BIZ BT, 15 175 WBYE LVSI FRPE AR G
Br 3R 8 M RS BPF(RA.2.3) TN | 39175 PR LVSI FRPE R AR 5 LB . SR A ROC
it 26 T T AR AUC DA IZ A R T R YA T fh 2 P i FL T A 5 B, DR 2 0 A DA S ZRE I PR 2
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P <0.05 W% BAH G55,
3. &R
3.1. BEESHER

AWFFRILGIN 425 15 P B B, RJGRELE R LVSI FIYEE 307 41, FAMERA 72.2%, FHMEE
118 5, FHMHEZFN 27.8%. BREZDITERERER. SIFEME. 44, CA125 K. HBEERT, Al
JERERIE . A5 | T N R AR ok B I TR IR i B A S (P < 0.05), L#E 1.

Table 1. Univariate analysis of 425 patients with stage | endometrial cancer

1425 Bl I F ERRERENEE RS

I A 975 IR IE LVSI B LVSI FHE b P
S 54.16 + 9.07 59.14 + 8.73 - <0.001"
BMI (kg/m?) 25.7 +4.61 26.1+56 - 0.165
[EINES
7 203 (75.7%) 65 (24.3%) X
4.459 0.035
H 104 (66.2%) 53 (33.8%)
B LRI
¥ 262 (73.4%) 95 (26.6%)
1.482 0.224
H 45 (66.2%) 23 (33.8%)
T E R
x 268 (71.8%) 105 (28.2%)
0.226 0.635
H 39 (75.0%) 13 (25.0%)
TEH
x 191 (73.5%) 69 (26.5%)
0.502 0.479
H 116 (70.3%) 49 (29.7%)
HZARAS
& 137 (73.5%) 31 (26.5%) .
12.013 <0.001
= 170 (70.3%) 87 (29.7%)
T iRl 57 ik SR
& 243 (71.9%) 95 (28.1%)
0.096 0.756
= 64 (73.6%) 23 (26.4%)
CA-125 (U/ml)
<35 263 (76.7%) 80 (23.3%) X
17.483 <0.001
>35 44 (53.7%) 38 (46.3%)
JilNESES P
<1/2 285 (80.5%) 69 (19.5%) N
72.316 <0.001
>1/2 22 (31.0%) 49 (69.0%)
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SR A
T N EFE 302 (76.8%) 91 (23.2%) X
55.296 <0.001
AT 5 PR R 5 (15.6%) 27 (84.4%)
52
G1 8 G2 280 (79.5%) 72 (20.5%) .
54.603 <0.001
G3 27 (37.0%) 46 (63%)
WBC ("10%L) 5.53+2.18 5.81 +2.23 - 0.075
NE ("10%L) 3.27+1.65 3.48+1.77 - 0.196
LYM (10%L) 1.69 + 0.66 1.82+0.79 - 0.021"
PLT ("10%L) 272.5 + 100 262 + 98 - 0.323
NLR 1.90 +1.09 1.90 + 1.06 - 0.087
PLR 163.86 + 67.16 142.39 + 52.77 0.007"
RBC ("10%/L) 4.36 +0.48 4.36 + 0.46 - 0.936
HGB (g/L) 132+ 19 1315+21 - 0.817

*: P<0.05, ZREAFSITFENL.

32. ZEFESER

BB T IR A% B GE i AR AR N Logistic [1HBETZ R R T, 4558 B LEETEE
J& (OR = 6.216, 95% CI: 3.300~11.709, P < 0.001), 7% ¥ 5% (OR = 3.816, 95% Cl: 1.122~12.985, P = 0.032 <
0.05), ZHZ%42%(OR = 4.032, 95% Cl: 1.924~8.450, P < 0.001), CA125 /K*¥(OR = 2.762, 95% ClI:
1.503~5.073, P < 0.001)/2 | -7 P4 Ry A& A bk B2 0L 485 (R BV VR PO A ST fG R TR R, L 2.

Table 2. Binary Logistic regression analysis of independent risk factors for LVSI positive

2. LVSI R MIIfEME =AY = 5T Logistic EYAR 4T

I PR 975 BEAFAIE B SE Wald df Sig Exp (8) 95% Cl
R 0.028 0.019 2.119 1 0.145 1.028 0.990~1.068
5 1M 0.234 0.279 0.702 1 0.402 1.264 0.731~2.185
HZIRAS 0.172 0.355 0.236 1 0.627 1.188 0.592~2.383
LYM -0.004 0.025 0.022 1 0.882 0.996 0.949~1.046
PLR -0.003 0.003 1.690 1 0.194 0.997 0.992~1.002
WL 8 R 1.827 0.323 31.986 1 <0.001" 6.216 3.300~11.709
B 1.339 0.625 4.596 1 0.032" 3.816 1.122~12.985
LAY 1.394 0.378 13.637 1 <0.001" 4,032 1.924~8.450
CA-125 1.016 0.310 10.722 1 0.001" 2.762 1.503~5.073

%= —5.094 1.105 21.266 1 <0.001 0.006

JE: 'P<005, EFAFGIFEL.
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3.3. | FIFERERRE LVSI KU B9 FUMER a3 7 S5 10F

H 2 B2 A 2 1 AR SE R R R (WURIRIRIREE . i EERAL . A2 K CA-125) 2 3 Tl
T3 A e e A I D R i XS P 8102 B R (4 ) 1) . ROC il 2 Tl A AUC 0y 0.812 (LI 2),
YOI R TR B B (R M . 483 1000 YK Bootstrap [ #liRE N RIS TESS , 75 2Rk th 28 (WL 3)3%
AR AR (S B WL N 5 B AR (RS 2R T ) < (R P FR T 0 4806 iR 220 0.017, B WTZ A R IR 1
FEEBELF, ARGRITNGE 77 RIS T DCA (W] )R ARRL 115 I o 2 T 2 25 2 i 7 2 1)
(ERER R, BE 1 B B A R A PRRLCRE -
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Figure 1. Nomogram for predicting LVSI positive in patients with stage | endometrial cancer
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Figure 2. ROC curve of LVSI positive prediction model
2. LVSI FEMFUMREE) ROC ik

DOI: 10.12677/acm.2024.1441367 2879 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1441367

HFE, BTH

4. g

Net Benefit

< [

00 L

o /
% ) //
= 9
§ o 7 /
e
~
® <
£ 3
<

Apparent
g - — Bias-corrected
""" Ideal
had
o T
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Predicted Pr{LVSI=1}
B=1000 repetitions, boot Mean absolute error=0.017 n=425

Figure 3. Calibration curve of LVSI positive prediction model
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Figure 4. DCA curve of LVSI positive prediction model
4. LVSI BRMETNRELH) DCA Bh%k

ARAE AT 2 W B AR DG T 7, 24 B0%IHI T B A s SR 12 Iy g | AR BL, S AA B AR A A
FEIT 95% [3]o Ik EL &5 PPAk & T 7~ B P9 e AR TS B EE TE, E TN P e AR T AT
ELZE VAL A 4+ . Jason D FE N [8JHEAT I 22 O WF ST AN 1 151,089 1 5 P9 e 8, R I 2451
B 5 HET R B (HR 0.75, 95% CI 0.53~1.06). [FIB A 2535 U0 AR BT PEAG A5 100 7 55 Py s 2
EATWREEE AR IR S AR 0 0 1T, A BN PR S A 5 B A TS 0 SEAS A 0 T . B A [
PEWE LR IR 225 D) o0t 75 Py FELe A R TS A 2 9 [9] [10] [11], AHR X T FLHA7 5 Py Jiee 2
Ao KL I PR RS R B, ARG n Ik B R IEA R AT B B A AF 3R a6 [12], IF Bl RE i
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KFAME R, 3G A0A S A B 0 U, 3 SRR e AR T B AR B A TR J R ik 2L /K e 25 5
JiE KBS T 51 - Benedetti 25 A [13]HEAT 0 —TAN N 514 1 583 (MBEH L R R BL, ARETVPEA | 78
P IEEE B R TR AT RS T R R 45 TE A0 5 4E DFS K 5 4E 0S 5 RATIME 45 B % 1 5 4 DFS & 5
HE OS Z [H¥EA IR 2 (RSN 81.0%F1 85.9%; AEMREL45E 1400 81.7%1 90.0%), {H&
M TR IAT IR E 5T AR I S R A T R I RO 1 U v, bk E B e o RS0k LA A FE 55
ASTEC WAL [14] R BILE R 5 Y B S T, s bk D0 5V R R IR AN R A A 3 TE S AR A7 3R T o A A
RIjHR G, B EEMEEE AR AMERFE T RIGT 7 N VRSB R RS, FATRHE H
BE IR L5 DI BR A SRR ARV T AR I B . BAR OV Wk B 5 36 A AH DG TN ASE 28 A 4 ) 4, {EL T30 F°1
FHEES LVSI (ARG W BT, HPr & EefH 5 . Saketh R. Guntupalli 8 A& LVSI B itk
2R B IPETRINIME 9 95%, FE1L LVSI B 1) B3 rT A B T ik L 45045 [7]. Ulas SOLMAZ 45 A a1 i
YEorHT T 827 452 F AR BAM 75 P B SE 5 AR R Bk, I LVSI BIPEE A 0.6% K Atk 0 45
%, 1M LVSI HPEE L 48.9%, H. LVSI &5 Al 8 R ARk 45 A% i S fa [ R &R [5]. 2016
FEWRPN IR R 7 22 (ESGO) 4R P N, RIS AT HoAtm B2 fE R R 3R, A LVSI Bt B AT bk IR 5 37
f[15] .

Sang Il Kim 2 AWFE I, A0 9. MR/ DUEIRIERE . CA-125. £F4E8 i &R &=
Ko7 B N BT RS TR LVSI ()& A2[16] [17] [18] [19]. {EFRATHIB T, @it % B &K KINLER
TETREE . EERAL . HE%E 00 2 S CA-125 ZKFH& | 78 N s A LVSI A fa R 25, H OR fE
435124 6.216 (3.300~11.709). 3.816 (1.122~12.985). 4.032 (1.924~8.450). 2.762 (1.503~5.073), iX5HE/E:
WA RIEIEA M AT . Laufer J S5 N KRB B/ >2cm 5 LVSI B>, SUURFEER >2.cm 1
T 5 P R AT AT 4y IR [20]. Zhou S8 N R IRILIE CA-125 > 21.2 Uiml K44 H )R > 2.58
mo/dL 7] FHF 7 LVSIRZ, 1B N, I 5E M 47 4k 8 3 JFUR1 CA 125 /KR fe G Bh T 3R 15 A i 1)
T8 N R B LVSIEAMAE RS 2 [19]. ARFFH, CA-125 > 35 U/ml [ LVSI BHE# 5 46.3%,
X BT CA-125 < 35 U/ml # (P < 0.001), I H. CA-125 #& LVSI BH%: i3k ST /6 (6 K 25 (OR = 2.762, 95%
Cl: 1.503~5.073, P < 0.001). HEILHRAAZ(MRI)EHAE MR R/ A7 B IRIER E B ik B2 485 i oK A A 1)
FRAG AR [21]. FEXT 212 151 23 1 [BUBPE /34 o, Yire-Hauge 25 N3 B R K /NE MR A% K 05 32 45
2 8] 25 A A 5% & B (Intra-Class Coefficient Correlation, ICC) 4y 0.85 [22], Bourgioti 25 A5 1/ ICC Ky
0.997 (95% CI 0.995~0.9888, P < 0.001) [23]. —IiZsZE 74 K DR NUZ R 5 7 5 A i S5 1 LVSI FH
P B SEBERS B 22 I S AR AR AR BB A% . Jingya Chen 25 AR B MRI 2 7s NTRILE IR IE I ek
A LVSI AT REME S &, A& LVSI FIAS7 a6 R 2 (OR = 2.32; 95% CI 1.13~4.87; P = 0.02) [24]. Z T 5
I T LVSI #F EC i/ P i B EAE I [25] [26] [27]. LVSI Bk 3 b LVSI I B o m itk B2 4 7
FoR . R A AR S B IR R R [28] 0 A B FEHE IR = 4> RGP LVSI RSBk Rkt
PRIEIE), HAI S TERAE LVSIHIEL, RiETE LVSI SERAVZIRE . 155 Y . oAb 2 R s
BT >2cm ZVIHHK, HiREEHERNTE LVSI 1) 5% ETH2] ek LVSI 825 1) 15%AM5RiE M LVSI &
H 11 33%, TRIEME LVSI ARk S HE R 1) d i i ST S B (R 21 [29]

g b, LVSI 2ARAIHE S R EFATME S EER R, B2 T ENBRENA RS
K2, HIGKREAEARRICESN LVSIRE, LVSIALBEMNAR S ELE R P18 51, Jorge K Sari % — i
HINN, AR POEBE I LVSI RESH BT F AR AE X P 852 75 75 AT EL 45 DB A B i A
AL P e [30] [31]. FEPUR VKR Y] il ot fEdr, AT R A BOM AN . g 4 i\ i N KA TR R R
Y LR IAF IR JORE SE DR 3R R M BR R AR X LVSI [1)EIT[32] . Pollom 55 AAKy, LVSI AR Rk kR, R
H KR B 5 AT L BRI R , PPN R IR A 2 TR, 3 3 S50k i 1 0T LV S DIRZS R R LR HE I [33]
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TERGRE B FAL AR, P RE R A F 28 5 3 sl AR 55 T BU R 2 230k 3 d i 81 Wk e s p T B
XSS5 LVSI AHRIE[34]. AR Pdm B 5 A FE MR E LVSI —SEEA R T 5T i AL R
(68.3%~92.4%) [35] [36].

VT JUAE, #02% B TS R AR g —Fh 7 8 . 75 25 10 L B AR SRR AU A5 BB R 8 22 (4 R [37] R AT
FNNARTINZIZIIRIE SRR AGUE R CA-125 7KFIUA H AR B /R N FIU R 7R Al R
BT | 37 9 s 2 LVSI RO 2R BRI AR, DL L UANAR B8 7 R AR . 7EIRIR TAE AR, IRIRES
A RRE DY AN I DR B S FR 2B AR N, B RIS | T PR B AR LVSI ISR . X Bh T IR R
ZEAELEARF I E EINAHEFARTZE, X1 EC B3 fe 7S MRS DI BRA bk 2 (5 5w 1) 1 07
AWE5E ROC HIZk N AR AUC 2y 0.812, 1 BH itk T A5 A4 BA 5 i (i vk Af 74 . 223 1000 7k Bootstrap H Hili
FEP IR TG, 159 2R v M 2R PR B AL A (S oV AR ) 5 2 AR (R O ) - [0 755 6 P P~ R ket
WEN0.017, ULHZSLE M EIEL, A RTINS 7). RA Lo i ARS8 sl = T 25 4%
BT 5 O RE AR TU B, B0AIE T RN A B R I PR 2 e

g BERTR, CA-125>35U/ml. WAUZRIE 618 WIEFEIE XL L H A 2 ddniz | i 78
P B R A LVSI IR T s, X TR SR IR R IR A AL AR SN | 15 R LVSI XU
TR, WEffn v, TONELE, IR B, 5 TIUmPRIRH, o] 3 Bl PRI A= 75 AR BT SR A W % LS
WA, DM e TR, R 19 305 2 3R A5

ARHFFERR IR 1) AT S B BT 5T, 255 7 AR iR B m s M5 SR 2) AW SR g
F 26 B TSR R B N3 B6 IR, B AMEREGAE s 3) A SCHRIRE BRIV 7 5 P SR LVSI G knT
FER A2, AR ARG N, X0 RE S REMAZ TR A (R v s 4) 22 DU B AL fr) T [R1 -7 3
KEARFAA, T304 TR0 55 FE 45 AR, 1T B2 B % TR R 0 e p

&5k
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