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Application of Logistic Regression and Artificial Neural
Networks in the Differential Diagnosis of LC-MPE

LI Ruicheng D QIAN Hongwei D FAN Yanni ¥, ZHAO Peipei D WEI Shan ", JING Huarong D
(1) Dept. of Clinical Laboratory; 2) Dept. of Information, The 2nd Affiliated Hospital of Air Force
Medical University, Xi’an Shaanxi 710038, China)

[ Abstract | Objectives  To evaluate the application value of carcinoembryonic antigen (CEA), ferritin
(FRT), neuron—specific enolase (NSE), squamous cell carcinoma-related antigen (SCC), carbohydrate antigen
50 (CA50), carbohydrate antigen 125 (CA125), and cytokeratin 19 fragment (CY21-1) in serum (S-) and
pleural effusion (P-) for differentiating malignant pleural effusion of lung cancer (LC-MPE) from benign pleural
effusion (BPE). We aim to establish a diagnostic model for LC~MPE using tumor markers and analyze the data using
logistic regression and artificial neural network ( ANN) techniques. Methods  The serum and pleural effusion
tumor marker results of patients with newly diagnosed LC—~MPE and BPE were analyzed, and diagnostic models for
LC-MPE were established using Logistic regression analysis and ANN technology. Results  The indicators S—-NSE,
S-CY21-1, P-CEA, and P-NSE were selected and used for modeling. The Logistic regression model for
diagnosing LC-MPE established in this study had a sensitivity of 93.23% and a specificity of 97.46%, with an area
under the ROC curve of 0.992. The established ANN model had a sensitivity of 95.35%, a specificity of 97.22%,
and an area under the ROC curve of 0.990 ( P < 0.05). Conclusions  In diagnosing LC-MPE through tumor
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markers, both the Logistic regression model and the ANN model established in this study showed good diagnostic

efficacy. These two models can assist clinicians in improving diagnostic accuracy.

[ Key words] Pleural effusion; Artificial neural network; Tumor markers; Lung cancer; Diagnostic model
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Tab.1 Basic characteristics of patients with pleural

effusion in 2 groups [7(%)]
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Tab.2 Comparison of results for individual tumor markers between the two groups [M(P25, P75)]

Tekr LC-MPE4 (n=133) BPE# (n=1138) Z P

S-CEA (ng/mL) 9.70 (3.64, 49.01) 1.54 (1.03, 2.33) 10.155 <0.001"
S-FRT (ng/mL) 179.00 (109.30, 307.25) 299.85 (152.93, 517.55) 4.443 <0.001"
S-NSE (ng/mL) 17.84 (12.86, 25.85) 13.79 (10.51, 19.21) 4.450 <0.001"
S-SCC (ng/mL) 0.48 (0.34, 0.65) 0.46 (0.36, 0.56) 1.227 0.220
S-CA50 (U/mL) 8.16 (5.16, 16.45) 5.44 (3.65, 7.99) 4.841 <0.001"
S-CA125 (U/mL) 99.89 (47.13, 185.30) 76.25 (39.10, 127.20) 2.682 0.007"
S-CY21-1 (ng/mL) 5.64 (3.21, 12.19) 1.83 (1.30, 2.62) 10.946 <0.001"
P-CEA (ng/mL) 125.90 (13.55, 623.90) 1.21 (0.68, 1.78) 11.486 <0.001"
P-FRT (ng/mL) 1410.00 (883.65, 2000.00) 1138.00 (597.53, 2000.00) 2414 0.016"
P-NSE (ng/mL) 10.67 (5.51, 30.69) 5.73 (2,99, 10.74) 5.136 <0.001"
P-SCC (ng/mL) 0.82 (0.57, 1.81) 1.00 (0.65, 2.03) 1.428 0.153
P-CA50 (U/mL) 8.39 (3.58, 42.95) 3.62 (2.11, 5.93) 6.638 <0.001*
P-CA125 (U/mL) 965.40 (451.85, 1697.50) 397.25 (177.90, 804.38) 6.056 <0.001*
P-CY21-1 (ng/mL) 87.28 (30.16, 227.45) 10.23 (5.63, 22.34) 10.126 <0.001"

'P<0.05,
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97.22%. 0.926 F10.990, i ~H ANN #EAI X} LC-
MPE F1 BPE A3 #: 4 ) UM ARE %, DL 5 AiA 1.
5 )b [) B 3 e AN AR () SR 20 B S R T P
CEA F1 S-CY21-1 ZH4 al ANN Fi i 452 750 (1) dg 7 L



58 B BE B K222 4

545 %

R 3 JFRDMEIRSYRISETIERE ST

Tab.3 Analysis of the diagnostic performance of individual tumor markers

PR

FAE

Eiz17 RPPE (%)  Fe5FEE (%) FOE (%) B (%) R (%) 2P846%0 AuC P 95%CI
S-CEA 75.19 94.92 94.34 77.24 84.46 0.701 0.871 <0.001" 0.826 ~0.917
S-FRT 81.95 42.37 61.58 67.57 63.35 0.243 0.663 <0.001" 0.595~0.730
S-NSE 57.89 66.10 65.81 58.21 61.75 0.240 0.663 <0.001" 0.596 ~0.729
S-CAS0 51.88 76.27 71.13 58.44 63.35 0.282 0.677 <0.001" 0.612~0.743
S-CA125 54.89 58.47 59.84 53.49 56.57 0.134 0.598  0.007° 0.528 ~0.668
S-CY21-1 72.93 86.44 85.84 73.91 79.28 0.594 0.900 <0.001" 0.864 ~0.937
P-CEA 84.96 98.31 98.26 85.29 91.24 0.833 0.920 <0.001" 0.880 ~0.961
P-FRT 66.17 47.46 58.67 55.45 57.37 0.136 0.587  0.017° 0.516 ~0.659
P-NSE 47.37 77.97 70.79 56.79 61.75 0.253 0.688 <0.001" 0.623 ~0.753
P-CA50 56.39 84.75 80.65 63.29 69.72 0.411 0.743 <0.001" 0.682 ~0.803
P-CA125 58.65 68.64 67.83 59.56 63.35 0.273 0.722 <0.001" 0.660 ~0.783
P-CY21-1 63.91 89.83 87.63 68.83 76.10 0.537 0.870 <0.001" 0.828 ~0.913

"P<0.05,

x4 MERSWRI T Logistic ZEHE ST
Tab. 4 Binary Logistic Multivariate Analysis of Tumor Markers

Ei=tan B SE Wald P OR 95%CI
S-NSE 0.099 0.042 5.627 0.018" 1.104 (1.017 ~ 1.197)
S-CY211 0.606 0.214 8.048 0.005" 1.833 (1.206 ~2.787)
P-CEA 0.829 0.225 13.577 <0.001" 2.291 (1.474 ~3.562)
P-NSE 0.037 0.017 4.738 0.030" 1.038 (1.004 ~ 1.073)
A ~7.900 1.503 27.645 <0.001" 0.000 -

'P<0.05. “=7 FRIHE.

x5 2 FIS TR RIRDIS T I AE L3R
Tab.S Comparison of diagnostic performance of two diagnostic models

WA RYE (%) TR (%)  PAMTUINE (%)  BIMSE (%) 29848480 AUC P 95%CI
Logistic 93.23 97.46 97.64 92.74 0.907 0.992 <0.001" 0.986 ~0.999
ANN-ASE 90.63 98.37 98.31 90.98 0.890 0.992 <0.001" 0.985~0.999
ANN-ZGHIEAE 95.35 97.22 97.62 94.59 0.926 0.990 <0.001" 0.982~0.998

*P<0.05,
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Fig.1 The ROC curves of Logistic and ANN model for
differential diagnosis of LC-MPE and BPE
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