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An Artificial Neural Network Model Combining CA-125, PA, Ascites and
Lateralization of Ovarian Cancer was Established to Predict and Diagnose

Colorectal Metastasis of Epithelial Ovarian Cancer*
KONG Cong-cong , SUN Li-yuan, LIANG Tian, HE Ya-nan, QU Yan-jun*

(Department of Gynecology, The First Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang, 150001, China)

ABSTRACT Objective: This study investigated the relationship between colorectal metastasis and the clinical parameters, and then
use selected parameters to build ANN (Artificial neural network )models to diagnose colorectal metastasis. At the same time of reducing
the cost of diagnosis, it can better estimate the risk of colorectal metastasis, providing a reference for the development of individualized
treatment plan. Methods: Receiver operating characteristic (ROC) curve analysis for all the blood texts and clinical pathological parame-
ters of 534 ovarian cancer patients from The Tumor Hospital of Harbin Medical University in 2015.1-2017.12 was performed using Med-
calc V15.2.0.0, parameters with P<0.0001 are selected, related blood parameters were used for ANN models' building after removing
collinearity by using Graphpad Prism V6.0. The best ANN model was selected by AUC and then external validation for ovarian cancer
colorectal metastasis was conducted using the ANN model with 267 ovarian cancer patients of The First Affiliated Hospital of Harbin
Medical University, The Second Affiliated Hospital of Harbin Medical University in 2018.1-2019.11. Results: 78 blood parameters were
analyzed and two blood parameters(CA-125 and PA) were selected in ANNI for the best performance of combination at last (the sensitiv-
ity, specificity, AUC were 69.81%, 62.50%, 0.716, P<0.0001, respectively). After adding ascites and ovarian focuses with these three pa-
rameters, ANN2 models had a better performance than ANN1 model with the sensitivity, specificity were 65.38%, 78.24% respectively
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(AUC=0.745, P<0.0001). Conclusions: 1).Ovarian cancer patients with colorectal metastasis were characterized with higher CA-125 and

lower PA compared with no-colorectal metastasis group, patients with ascites and bilateral ovarian focus were more likely to have col-

orectal metastasis. 2). ANN1 model and ANN2 model may have a role in the prediction of epithelial ovarian cancer colorectal metastasis,

and provide a reference for the clinical prediction of colorectal metastasis of epithelial ovarian cancer.
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Table 1 The pathological dates of 534 cases of ovarian cancer

Group of colorectal

Group of non-colorectal

metastasis( % )(n) metastasis( % )(n) * P
Lateralization of ovarian cancer
Unilateral 38.67(70) 61.33(111) 20.86 <0.0001
Bilateral 70.25(248) 29.75(105)
Ascites
Negative 41.91(57) 58.09(79) 11.69 0.0006
Positive 65.58(261) 34.42(137)
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Table 2 Selected parameters for ANN1 models and the results of AUC

AUC P

CA-125 0.68 <0.0001
PA 0.67 <0.0001
LYMPH% 0.64 <0.0001
NEUT% 0.65 <0.0001
NEUT# 0.61 <0.0001
PLT 0.63 <0.0001
PTC 0.60 <0.0001
LYMPH# 0.60 <0.0001
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Table 3 Collinearity diagnostics

CA-125 PA NEUT% LYMPH% PLT NEUT# LYMPH# PCT
CA-125 -0.38 0.34 0.38 0.33 0.24 -0.30 0.31
PA -0.38 -0.45 0.48 -0.41 -0.29 0.44 -0.35
NEUT% 0.34 -0.45 0.95 0.35 0.79 -0.64 0.33
LYMPH% 0.38 0.48 -0.95 -0.38 -0.78 0.69 -0.36
PLT 0.33 -0.41 0.35 0.38 0.40 -0.11 0.88
NEUT# 0.24 -0.29 0.79 -0.78 0.40 -0.16 0.40
LYMPH# -0.30 0.44 -0.64 0.69 -0.11 -0.16 -0.07

PCT 0.31 -0.35 0.33 -0.36 0.88 0.40 -0.07
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Table 4 The ROC results of parameters and ANNI model

AUC SE(%) SP(%)
CA-125 0.68 <0.0001 81.76 46.30
PA 0.672 <0.0001 69.18 58.80
ANN I 0.716 <0.0001 69.81 62.50
0.74 100~
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Fig.1 The selection for ANN model
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Fig.2 Receiver operating characteristic (ROC) curve demonstrating the
ability of the ANN1 model to predict the colorectal metastsis of ovarian
cancer. ANN1 model had the best performance with the AUC 0.716

compared with model parameters.
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Table 5 The ROC results of parameters and ANNII model

AUC SE(%) SP(%)

Ascites 0.593 <0.0001 82.08 36.57

Laterality 0.647 <0.0001 77.99 51.39

ANNTI 0.745 <0.0001 65.38 78.24
100 i LB AT, MRS CA-125 PA ST A N T 28 19 265 56 7

80

Sensitivity
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Fig.3 Receiver operating characteristic (ROC) curve demonstrating the

ability of CA-125, ascites , position and the ANNI and ANNII models to
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predict the colorectal metastasis of ovarian cancer. ANNII model has a

better performance with the AUC 0.84 than ANNI and other parameters.

AT E PR A A R G BR Bl B R A T IR
A, HImAn My A 975 40 B A B 1 B2 M, 1% SE i nT
S R B IS PA BRI, BT PA WA fbAEBRR
TS e T PR SR, AT RIS HL I FH 98 et g A5 1) 1
W7 K R . Kozak %5 A\ TE AT 4T LB 5 R e K
I NI 2 AU & BT = Fbsic # o] LU LK 43 fifi
B R, Hop —FR IR PA 76 HLBFST R I R DR U R
PA 5IEH AMLLLRIATFRE, 42 PA AT LIV R 9 S0 H 0 2
WA I TE BRI, AR SE 45 0 R, PA {HAR{IG, 5P S8 R
HE S RS H . TR0 RS E R i B Rg
BRI H RN R AR L PA IR IR T CA-125, L
AUC 2} 0.672(P<0.0001), Hr PA Xif Bl 51988 45 i 5 B Him
W TR S 69.18% .58.80%, IR, 11 PA 45
PR RBAR LR R S 05 R e 5 R B S s .

5 HASEE AF Y, O SR g e M /KO B P i DL P 2,
AGRTERE K R R A ER AL T — IR RS i, w2 e 4
MR SITAL S B2, SHEKA L R MERA E 2 2 B i
B —A 58 SITetr . MRARIGIRIRIE , 297 60%: B LI
T 2R A U B S A7 BRI

EN RS N EZY e R 7 N | B R
CA-125 PA & UK DR S SE LA H A UEAT T T, FEANERER
TR AR, R B B0 i, ANIN BT ) 36 L2 S o K

ANN T AT LURE I PR UL | AR AR S 2 B 22 W 14 i PR F A 2

&, JHLATUN OF S0 88 Je 5 K AR 45 B # s fE ANNI AR

LAt A5 R R O S A DA, N T 22 R 25 A58 ANNII

R Py, MR T 28 0 25 A RS T2 W A B S

TS IR A —E BN O, T L —E R bl Bl i R 2=

DR A S0 A2 T8 1 25 08 PP B 15 , T X R vh i) e

FUA RV T A AR TS, o nTRERIAT T 7 S8 i e 4R A1t

WA o XA 2L BRI 5 J5 22 T 22 B 01 S 4, B A

WA AL R A e I R, i ANN RS A RS 1 K

TN BESCK A BT 5Tt o A J5 AT AR SR A REA A TREA L IR 1K

5, I B SRR bR AP HAT AT PR A 4 T 2L

25 LRk, OP SR A B R B T CA-125 Thim W

2, PA BRARSE I A2 o PHAT K BOBU B9 5852 21 b B LB L9

N R BN 77 Y
AR IH LI SR VAT T CA-125 PA BTS2 YN A 2219

ZRAERY ANN T e fE ANNI it - fF— 2045 5 B0 550 i 0 44 X

JE KA SIS A T2 858 ANN T, L 3800 1 f7

PEON SRS B He AT — € TN RERL,  ELIUN Mk R B Y

CA-125 J PA HUNBHAR Sy I Bz B S8 45 B0 5% R I PR 190

MRS

£ % 3T ik ( References )

[1] Menon U, Karpinskyj C, Gentry-Maharaj A. Ovarian Cancer Preven-
tion and Screening [J]. Obstetrics and Gynecology, 2018, 131 (5):
909-927

[2] Webb P M, Jordan S J. Epidemiology of epithelial ovarian cancer[J].
Best Practice & Research Clinical Obstetrics & Gynaecology, 2017,
(41):3-14

[3] Lheureux S, Gourley C, Vergote I, et al. Epithelial ovarian cancer[J].
The Lancet, 2019, 393(10177): 1240-1253

[4] E49m, T 90 e etk U] MBATS 56 K, 2019, 31
(10): 695-697

[5] R #), dyra. kA rgp SR 69 o0 36 7 IR 55 = AA[T]. 5% R 4a = A
e &, 2020, (2): 93-95

[6] Grimm C, Harter P, Alesina PF, et al. The impact of type and number
of bowel resections on anastomotic leakage risk in advanced ovarian
cancer surgery[J]. Gynecol Oncol, 2017, 146(3): 498-503

[7] Lee K C, Lin H, Changchien C C, et al. Difficulty in diagnosis and dif-
ferent prognoses between colorectal cancer with ovarian metastasis
and advanced ovarian cancer: An empirical study of different surgical
adoptions [J]. Taiwanese Journal of Obstetrics & Gynecology, 2017,
56(1): 62-67



- 1098 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.6 MAR.2021

[8] Kim J R, Kim B M, Kim Y M, et al. Colonic Metastasis Presenting as
an Intraluminal Fungating Mass 8 Years After Surgery for Ovarian
Cancer[J]. Annals of Coloproctology, 2015, 31(5): 198-201

[9] T, K&, R Z,5. ATAZ WL LT HIEFUS TR & o9 5
). Br B s A5, 2012, 39(9): 1117-1119

[10] Xingyu, Zhu, Nan, et al. An Overview of the Application of Artificial
Neural Networks in Lung Cancer Research [J]. Chinese Journal of
Lung Cancer, 2019, 22(4): 245-249

[11] Chavarino C P, LeceaJ M S M D. Artificial neural networks in Neu-
rosciences[J]. Psicothema, 2011, 23(4): 738-744

[12] V Renganathan. Overview of artificial neural network models in the
biomedical domain[J]. Bratisl Lek Listy, 2019, 120(7): 536-540

[13] Donach M, Yu Y, Artioli G, et al. Combined use of biomarkers for
detection of ovarian cancer in high-risk women [J]. Tumour Biol,
2010, 31(3): 209-215

[14] e, 4=, Mh-F. A TAT R AR BRI IT I AR A% P 09 5 R R kR[],
P A R 2 &, 2019, 19(5): 343-346

[15] SUHAE, 246, B SOR 5 B &£ PR TR RV FEES
$3R, 2018, 15(9): 173-177

[16] Z3E, 2 F F, BARIA, . JHIE i & A ZOR 345 09 BT 50 R[],
B A5, 2016, 25(2): 81-87

[17] FRABA, it XA BB 5 &0 Ak [J]. BS54 %, 2020, 1
(1):5-10

(18] X1 2, 48R, H Rk o TN &5 RS M EF 544,
2020, 1(1): 11-13

[19] Nossov V, Amneus M, Su F, et al. The early detection of ovarian can-
cer: from traditional methods to proteomics. Can we really do better
than serum CA-125?[J]. American Journal of Obstetrics & Gynecology,
2008, 199(3): 215-223

[20] QuY,HeY, Li Z, et al. Constructing an ovarian cancer metastasis in-

dex by dissecting medical records [J]. Oncotarget, 2017, 8 (60):
102212-102222

[21] 3p443%, BLicE. 97 £ 6 o T AR S Adew i Aot itk [J].4#
FR A B 12 8 I, 2019, 9(96): 88-89

[22] Yang ZJ,Zhao B B, Li L. The significance of the change pattern of
serum CA125 level for judging prognosis and diagnosing recurrences
of epithelial ovarian cancer [J]. Journal of Ovarian Research, 2016, 9
(1):57

[23] Yuan Q, Song J, Yang W, et al. The effect of CA125 on metastasis of
ovarian cancer: old marker new function[J]. Oncotarget, 2017, 8(30):
50015-50022

[24] 2 &%, AR, HILW, 5. kil @& QM 2 4e TG b g 16
REA ] BAES (M4 55 % 4 A1), 2005, 7(10):
759-760

[25] Kozak KR, Su F, Whitelegge JP, et al. Characterization of serum
biomarkers for detection of early stage ovarian cancer[J]. Proteomics,
2005, 5(17): 4589-4596

[26] 4 2%, KA, FREF. P LT RIS AL RE ] B R
Ja AR e &, 2020, 2(2): 125-128

[27] #i%. R ki I7 90 S 0 2R BT ¥k A B 20 uaR
1.4 B %4, & 25, 2020, 1(2): 110-113

[28] Kim S, Kim B, Song YS. Ascites modulates cancer cell behavior,
contributing to tumor heterogeneity in ovarian cancer [J]. Cancer Sci,
2016, 107(9): 1173-1178

[29] MikulA-Pietrasik J, Uruski P, Szubert S, et al. Malignant ascites de-
termine the transmesothelial invasion of ovarian cancer cells[J]. Inter-
national Journal of Biochemistry & Cell Biology, 2017, 5(92): 6-13

[30] Weidle UH, Birzele F, Kollmorgen G, et al. Mechanisms and Targets
Involved in Dissemination of Ovarian Cancer [J]. Cancer Genomics

Proteomics, 2016, 13(6): 407-423

(b5 1072 77)

[21] Wu J, Zhao L, Lin K, et al. Chinese Herbal Medicines for Restenosis
After PercutaneousCoronary Intervention: A Meta-Analysis of Ran-
domized Controlled Trials [J]. J Altern Complement Med, 2019, 25
(10): 983-992

[22] Holmes DR Jr, Barsness GW. Percutaneous Coronary Intervention for
Chronic Total Occlusions [J]. Circ Cardiovasc Interv, 2019, 12 (8):
e008321

[23] Wu L, Zhang Q, Shu Q, et al. Sex-dependent changes in physical,
mental, and quality of life outcomes in metoprolol-treated Chinese
chronic heart failure patients[J]. Medicine (Baltimore), 2019, 98(50):
e18331

[24] Meloche M, Khazaka M, Kassem I, et al. CYP2D6 polymorphism
and its impact on the clinical response to metoprolol: A systematic re-
view and meta-analysis [J]. Br J Clin Pharmacol, 2020, 86 (6):
1015-1033

[25] Lee MC, Bond S, Wheeler D, et al. A randomised, double-blind,

placebo-controlled crossover trial of the influence of the HCN chan-

nel blocker ivabradine in a healthy volunteer pain model: an enriched
population trial[J]. Pain, 2019, 160(11): 2554-2565

[26] Perissinotti L, Guo J, Kudaibergenova M, et al. The Pore-Lipid Inter-
face: Role of Amino-Acid Determinants of Lipophilic Access by
Ivabradine to the hERGI Pore Domain [J]. Mol Pharmacol, 2019, 96
(2):259-271

[27] Banavalikar B, Shenthar J, Padmanabhan D, et al. Clinical and Elec-
trophysiological Correlates of Incessant Ivabradine-Sensitive Atrial
Tachycardia[J]. Circ Arrthythm Electrophysiol, 2019, 12(8): €¢007387

[28] Chiu MH, Howlett JG, Sharma NC. Initiation of ivabradine in cardio-
genic shock[J]. ESC Heart Fail, 2019, 6(5): 1088-1091

[29] AT, R B, . A T EBE KRG RS TT T
A b S LR 69 e R 7 BT SO B KR e Ha )] KR F
H(EFH), 2019, 40(6): 1008-1012

[30] Bouabdallaoui N, O'Meara E, Bernier V, et al. Beneficial effects of
ivabradine in patients with heart failure, low ejection fraction, and

heart rate above 77 b.p.m[J]. ESC Heart Fail, 2019, 6(6): 1199-1207



