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K, I8 B T A28 M 4% (artificial neural network; ANN)
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VA2 W B E . LISE EIE RI2 Wi ite it B 1
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1.1 #rs

42 I . A2 B R PO B A 45 ) TE BN LE M
XL I AR A 353 KM R 2 5 — Bt I = B . AR 0T 3K 1
Matlab7. 0, SPSS12.0,
1.2 A&

1A R 25 MBI AR 35 R I 6 R Bk 4 mL, SR AE BE
531 A EDTA $8E0E A e 674 % 2 mL, EDTA
BUEEE B E.OHL 3 000 r e min ' EL 10 min, FTARLH I
5T 1.5 mL EP Brp; ool s B Rk 6
36 CARM E R MIBEERE , 1M yE AT H, 3 000 r » min™' &
> 10 min, FrBIMIE 5T 1.5 mL EP &, i 2E F IS4
B —80 CARIELVKAE B IRAE . PP EFRA T RES 1 E N
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JGRNR S G BE T8 FEF) 2 5.0 nm. FEE O 1 8 L R
200. 0~700. 0 nm, FH#HEFH 1 200 nm » min ', FEAREFT
i 3 .

FEBIER G 450~700 nm Z [{], & 5 nm FEI—4ib
BEICAXT SR BE A, Bf T $2 B 14 5 6 AR T 98 B2 458 7 Excel
SCPFZRAL, RSB R R SPSS U2, FH SPSS12. 0
Xof TR IR S B EAT = B 44T, BRIBORE I 1 3 4
YERTENCTEFIES B A ANN i AZ 250,

1.2.2 BB AR & i
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PARZR M . ZHIA . A S S n BB BAG B B . @
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E AR . 450 O 4 HR AL 27 1 Al R PR
ZH A BEALAH 27 8], IE R P LRI 29 41, St 83 kAR
YERINGREE . R4y 46 ) CRiEE 15 ). fif BP0 15 ). 1F
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“0. 67F1°0. 27, FBIEFLL=>0. 8 4 MHfidEE, 0. 4~0. 8 Z ] (£
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Fig. 1 Fluorescence spectrum of lung cancer (a). fluorescence spectrum of nonmalignant
pulmonary disease (b), fluorescence spectrum of normal (c¢)
Table 1 Variance contribution of primary component of fluorescence spectrum
R L GEEROR(EN g A5
SHBRHEN TR/ 0 BRUF TR/ X SABRHEE FETRE/ % BEOFETE/ Y
1 41. 084 80. 557 80. 557 41. 084 80. 557 80. 557
2 7.039 13. 802 94. 358 7.039 13. 802 94. 358
3 1. 862 3.652 98.010 1. 862 3. 652 98.010
4 0.131 0. 256 98. 266
5 0. 094 0.184 98. 451
2.3 BUERREMRN LR MEER

CEA, NSE, SCC-Ag, CYFRA21-1 I pl6 H 3L Ak #:im
gER L 2,
2.4 TRAFEBREEIREYEE ANN #EEI3T 3 AREAKRHTR

PL 2 AR SHL. 3 AL T S5 5 A
PRESHAE 10 NS ANN Hy AZ00, WEDE G
BRA R AR S ANNBERL; DL 3 AS9O6E F 8 S 8E N
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ANN A2 50, 4 #2900 ANN BEAY; FI A Bk
ANN R, XAy 3 LAEAS 20 F i T 4R 30647 560 , 25 51 W,
% 3,

AR, SIS IR AR A ANN BTN T 42
PR L RESRE . WERA AT P TR0 B B Y A 2
FRA M ZEIEI R ANN BERITMZE R . ) ROC ik T i
BORE . WiEm TaE . HERAGIFE X (P<0.05),
AT LUA A 296G B A i bR il ANN BRI B T FRafi 1)
Y6 ANN R,

2.5 Fisher Ze £ 5 54
Fisher Ze L3 50 234 %) 4 H0RE A 1 340 1) ol 50an B =, )
MR W 4,

F1=—8.911—0. 030X, +0. 022X, +0. 859X, +0. 067X,
+0.081X5 + 1.110Xs — 0.083X;-0. 014Xs + 0. 452X, —
0. 023X

F2=—9.477—0. 044X, 0. 028X, +0. 382X; +0. 069X,
+0.015X; + 1. 412Xs — 0. 048X; + 0. 018X + 0. 410Xy —
0. 020X,

F3=—3.903—0. 024X, +0. 009X, +0. 425X; —0. 006X,
+0.044X;5 + 0. 754Xs — 0. 061X; — 0. 011Xs + 0. 398X, —
0. 029X
He Xy Xos Xss Xiw Xss Xos Xps Xso Xo Fl Xio 20BN
B AR SOEIEE 1 RS 5 2 Bk, 3 Fr.
CEA, NSE, SCC-Ag, CYFRA21-1 #l pl6,

Table 2 The results of CEA, NSE, SCC-Ag, CYFRA21-1 and p16 methylation among 3 groups

2H 5] i CEA/(ng+mL"!")  NSE/(ng+mL!) SCC-Ag/(ng+mlL ') CYFRA21-1/(ng+mL"!) pl6 HHAfL
il 201 42 2.64a(1. 63~78.76)> 6.62(3.65~355.40) 0. 95(0. 08~15. 26) 1. 18(0. 30~40. 78) 13
Jifi B Mg 4L 42 1.95(1. 41~38.78)  4.66(1.97~284.42)  0.14(0. 02~2. 86) 2. 60(0. 29~39. 29) 0
EHA 45 1. 83(0.86~15.36)  3.77(1.54~53.77)  0.47(0.01~2.69) 0. 72(0. 33~8. 85) 0
a PR I R R
Table 3 Comparison of prediction of 2 kinds of ANN models
A REERE/ % FEREE/ Y WERREE/ Y BHEEBUN(E/ Y0 BAMEWUNE/ % ROC #iZE F I/ %
BT A R AT AR ANN 86.7 96. 8 89.1 92.9 93.8 0.972(0. 931~1.013)
PEIEIEiE ANN 60.0 80. 6 67.4 60.0 80. 6 0. 759" (0. 611~0. 907)
* P<C0. 05
Table 4 Comparison of prediction between ANN and Fisher linear discrimination
HHY REERE/ % PR/ Y WERREE/ Y BHEEBUN(E/ Y0 BAMEBUNE/ % ROC &k Fiifl/ %
BT A IR AT A ANN 92.9 98.9 96. 1 97.6 97.7 0. 996 (0. 991~1. 002)
Fisher 220510 50 61.9 92.0 76.7 78.8 75.5 0.787* (0. 663~0. 868)
P<20. 05

ZUREW], SOLCTEBC A MR bR S S ANN A
X4 A AR TN £ oA 2 SRy 96. 104, %8¢ Fisher R H1 51 43
HrAvER BE 76. 7064 KM BE IO w5 . — % ROC e il
ZERAGIF R L (P<C0.05), 0] LA ANN R ()32 167
BORIL T Fisher ZAEF 504 .

33 ®

MR 2 5% WL RSOEHI PR ZS « ML 9661
ST T ARZ PO R EE M2 R R R S
fE R AR EHE ) 22 52— BER BTG IR AR ¢
JCATIRS SR E A [ e 7R U (0 78 P R 246 26 3 26 56 38 e il Ty
[T

FI R 4 % S R 32 28 i 2 TR Tk 3 O
TERFAER S BUY . Hoh RN TR IR Z

iR A TS X T A I HR X T i 2 W (L
PFEIRF AN HR A F IR AR AE il 1412 B (i
AT o T P S I 1) T 5 A A0 L B PR s a5 R AT BB 1

R S5 R . CEA i FHF AR/ NAT I8 12 W 1 Joh
AR Z —, JUHEXT I I 2 BN E 2 153 2] 20 1A 5 NSE
BN 2/ N i s S A A (LR R A 35 2 — 5 SCC-Ag J2
it 3t A S 1) bR A s s CYFRA21-1 72 Jifi g JU H 2 AE /)
2906 i s A AR v ) RBEURE RRR S B 5 p16 R PR 31 X
FEACIRZS AR Mo £ 7 ML P A AR g B0 G s 3 e ] DI —
o i IS T R AR A o X LR MR AR R S TR TR
[l BEE AL R il 98, 107 HLAE 2 Wi RBUZ AR 5 EAMK
s PRIk T R e A5 AR B A D0 T LA S B X s 47 12
Wy B,

ABIESE AT ML 9EEICHE PEAT R 70 B A0S B A
BEEGH TR G, BRI 2 MRS H 3 A MG %2
JOLIES B 5 A MREARE S EL it 10 A EUEN
ANNHTASHE, 458 R FONRCR AR .

ANN FEA AU T B HA 568 T 19 I R 2 P i1
— LT RIS BRI T G i % R R S
JEFR AR T ANN BRI DA U ROR . 2 T
VEAFE I 28 (receiver operating characteristic, ROC) ¥R 5
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FVRR S BE PR AR ES G 78—, 5B T ROC i1k 5 ROC
i £ N R Carea under ROC curve, AUC), BERT DAVE Hyt—
W ERS PR B IR RS AR, SORT A Bly S O 2 SR A
LU B ROC fZgA R &2 Wi 56 1F ¢ Hh 1 B R 22
SR
AR, PTG A MR bR i ANN A28 F 5
Al ANN LRI 2R 48 i i B 2 100005 RN
TNRCRRE » DO0EIES IR br s ANN B B B0 R
WORE . RESRRE . VERMRE . BHE T RN B T (2 v R
aigtTE ANN BRI HNAE ; M ROC i T HAEE
FENCEIE B A i g bk a5 ANIN A 0 A, 25 T B 4 59 56 06 3%
ANN BB, H22 FA Geit28 5 L(P<<0. 05) o AT LA K
PENCI TG BE A e 9 b 5 ANN AR 0 B4 B 4 ¢ Ol Ol %
ANN #E7,
Fisher #I 3| 3#T & —FRE W Gt HUNE AR, Bl S
X L |

PRIV R ARG T HT S i, BRI 5] pR K 3k 4 4] 531
z *

PRECRERS /AT REAHS H AR ML h 7 B i o . S 4E
BE2AGE T I AR G . ANN AT 208 i (0 85027 AL AT A
fap %A B (B 2K o REE I BN ) BEAT O Ab Pl — 26 5
i AFE R AFRMER R HRA — R, H
A BRAELE PR R R G RE ) — e TR GE I gEit o # Ji ik JFHE
AT A~ H AT IGHE TR 7 R B
OGRS W ST ) ANN AL X 42 PR AL A
T A HE T 96. 126, %5 Fisher 284 0 51 40 H7 1 o 1 )i
76. TR KIGEERIER R . % ROC LT 2 A geit
RS ATLUA Sy ANN BERSE) 2 W RCR LT Fisher &4
B3 (P<<0.05) . Xf ANN RS 5 15 58 B 22 Ge i 5 vk 1Y
PUNSTIRCR . FAShAFAE TVFZ A, 4R B ANN
FSORL (2 WA 2 8 R R G BT L 25 BT, AR
FEFTLE U 10 AR RRAL G H I PO LIRS IR AR &
ANN BRI itz 14l B2 W7 BA7 B 4 i RS 1
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Value of Auto-Fluorescence Spectrum Combined with Tumor Markers in
Diagnosis of Lung Cancer

WU Yong-jun, HAO Yan-hong, WU Wei-chao, WU Yi-ming"*
College of Public Health, Zhengzhou University, Zhengzhou 450001, China

Abstract To improve the diagnostic efficiency of cancer, serum fluorescence spectrum combined with tumor marker groups was
proved more powerful, especially when used with mathematical evaluation model, that is, artificial neural network (ANN) mod-
eling. ANN modeling is very suitable for the discrimination of lung cancer. ANN has evident superiority in solving nonlinear,
multi-parameter and uncertain complicated problems. In the present paper, serum fluorescence spectrum was applied to study the
difference among normal, benign and malignant groups and develop the relevant method of determination. On the other hand,
combined with tumor markers, CEA, NSE, SCC-Ag, CYFRA21-1 and p16 methylation, artificial neural network and Fisher lin-
ear discriminatory analysis were used to develop the prediction models of diagnosis of lung cancer, and compared by ROC. It was
shown that the result of the fluorescence spectrum combined with tumor markers based on ANN model is superior to that of the

fluorescence spectrum ANN model. The performance of ANN model is superior to that of Fisher linear discriminatory analysis.
Keywords  Serum fluorescence spectrum; Tumor markers; Artificial neural network; Diagnosis of lung cancer
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