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ABSTRACT T 

AimsAims::  To evaluate the clinical application of laser-induced fluorescence (LIF ) spectra 
forr diagnosing gastric cancer during gastroscopy. 

Methods:Methods: A helium-cadmium laser system (excitation wavelength = 442nm) was 
usedd to detect the autofluorescence in 38 patients with endoscopically and 
histologicallyy diagnosed gastric cancer and chronic gastritis. 

Results:Results: The LEF spectra produced by the helium-cadmium laser from gastric cancer 
hadd one major peak (near 510nm) and three minor peaks (near 590nm, 670nm, 
710nm).. The intensity and shape of the LIF spectra in gastric cancer and normal 
gastricc tissue were significantly different. Using the integral fluorescence intensity (FI) 
att 662-677nm and 701-716nm, and the ratio of FI (502-518nm)/FI (701-716nm) as 
thee diagnostic parameters, it was possible to diagnose gastric cancer with a sensitivity 
off  83%, a specificity of 91%, a positive predictive value of 88% and a negative 
predictivee value of 88%. The diagnostic accuracy was 88%. 

Conclusions:Conclusions: Using autofluorescence spectroscopy to detect gastric cancer allows 
real-timee detection of gastric cancerous lesions and it serves as a guide for taking 
biopsyy specimens. The technique may become a useful tool in the diagnosis of early 
gastricc cancer. 

KeyKey Words: Autofluorescence Diagnosis Endoscopy Gastric cancer 
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INTRODUCTIO N N 

Endoscopicc examination is an important approach in the diagnosing gastric cancer. 
Recently,, laser technique has been widely applied in the field of clinical diagnosis. A 
neww method for the diagnosis of gastrointestinal cancers combines laser techniques 
andd endoscopy. In the present study, we used a helium-cadmium laser system 
(excitationn wavelength = 442nm) to detect autofluorescence from gastric cancer, 
chronicc gastritis and corresponding normal gastric tissues. The aim of the present 
studyy was to evaluate the clinical use of laser induced fluorescence (LIF ) spectra for 
thee detection of gastric cancer during gastroscopy. 

MATERIAL SS AND METHOD S 

Consecutivee thirty-eight patients with various endoscopically and histologically 
diagnosedd gastric diseases underwent endoscopic laser-induced autofluorescence 
spectraa measurement. A helium-cadmium laser was used as the excitation light source. 
Seventeenn patients had gastric cancer (10 with signet-ring cell carcinoma and seven 
withh adenocarcinoma) and 21 patients had chronic gastritis (seven atrophic gastritis 
withh dysplasia and 14 non-atrophic gastritis). 

Afterr routine preparation, standard gastroscopy was performed using a 
video-gastroscopee (Olympus XQ-30) and a video-gastroscope (Welch-Allyan). A 
helium-cadmiumm laser system (Liconix 4240) with an excitation wavelength of 442 
nmm and an output energy of 40 mW was used. A coaxial optical cable that consisted of 
twoo optic fibers was used for laser and fluorescent light transmission. One quartz fiber 
wass used for transmission of helium-cadmium laser light and the other parallel fiber 
receivedd the fluorescence. During gastroscopy the optic cable was inserted through 
thee biopsy channel into the stomach cavity, and the tip of optic cable was in direct 
contactedd with the target. After turning off the light of standard endoscopy, a 
monochromatorr was used to scan the fluorescence in the range of 450-800 nm, and an 
opticall  multichannel analyzer (OMA) was used for fluorescence spectroscopy. The 
autofluorescencee spectra stored in the computer were displayed on the screen and 
recordedd on an X-Y recorder. 

Forr each patient, autofluorescence spectra measurement was performed two to three 
timess on both lesions and normal tissues (at least 5 cm away from the lesion). A 
biopsyy specimen for histologic examination was then obtained from both the lesion 
andd normal gastric tissue. Each autofluorescence detection procedure could be 
completedd within 10s. Ninety-four LIF spectra were recorded for analysis, from 
targetss including 33 cancerous lesions, 12 cases of atrophic gastritis with dysplasia 
andd 49 normal gastric tissues. 
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Statisticall  analysis 

Thee autofluorescence spectra measurement data were compared using a one-tailed 
Student'ss / test and stepwise discriminant analysis using SAS software. The sensitivity, 
specificity,, positive and negative predictive value, and accuracy of LIF spectra in the 
diagnosiss of gastric cancer were calculated. In addition, the consistency rate of 
fluorescencee spectra in diagnosing dysplasia was evaluated using the discriminant 
function. . 

RESULTS S 

Thee LIF spectra are shown in Fig 1 and Fig 2. The range of fluorescence spectra was 
fromfrom 450nm to 750nm, with one major peak (near 510nm) and three minor peaks 
(nearr 590nm, 670nm, 710nm). The intensity and shape of the LIF spectra in gastric 
cancerr and normal tissue differed significantly. The fluorescence spectra of dysplasia 
weree located intermediately between those of normal tissue and gastric cancer. 

Becausee of slight shift at the peaks of fluorescence spectra, seven parameters were 
usedd for statistical selection, including four ranges of fluorescence intensity 
(502-518nm,, 584-598nm, 662-677nm, 701-716nm), which respectively covers one 
majorr peak (near 510nm) and three minor peaks (near 590nm, 670nm, 710nm), and 
threee ratios of FI (502-518nm)/FI (584-598nm), FI (502-518 nm)/FI (662-677nm) and 
FII  (502-518nm)/FI (701-716nm). 

Thee average LIF spectra showed that fluorescence intensity at the major peak was 
significantlyy different in normal tissue and gastric cancer (PO.01), with a 
fluorescencee intensity ratio of 2.79. The difference between normal tissue and 
dysplasiadysplasia was also significant at the major peak (PO.01), with a fluorescence 
intensityy ratio of 2.12. However, the difference between dysplasia and gastric cancer 
wass not significant at the major peak (/*>0.05), with a fluorescence intensity ratio of 
1.31.. Also, there were the similar results of statistical significance at three minor 
peakss and using three FI ratio parameters. 

Usingg stepwise discriminant analysis and the integral fluorescence intensity (FI) at 
662-677nm662-677nm (XI ) and 701-716nm (X2), and the ratio of FI (502-518nm)/FI 
(701-716nm)) (X3) as the diagnostic parameters, it was possible to diagnose gastric 
cancerr with a sensitivity of 83%, a specificity of 91%, a positive predictive value of 
88%% and a negative predictive value 88%. The diagnostic accuracy was 88% (Table 
1).. According to the discriminant function, 

YY (normal) = (-21.0812) + (-0.0083) XI  + (0.0192) X2 + (1.0270) X3 

YY (cancer) = (-10.7447) + (-0.0071) XI  + (0.0156) X2 + (0.7575) X3 

Eightt of 12 (67%) dysplasia LIF spectra could be classified as abnormal (cancerous). 
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Tablee 1 . Comparison of fluorescence spectra of gastric cancer and 
normall tissue (as diagnosed by using pathological methods) 

Discriminant t 

Gastricc cancer 

Normall tissue 

Total l 

No.. with 

Gastricc cancer 

29 9 

6 6 

35 5 

No.. h lormc c 

4 4 

43 3 

47 7 

Total l 

33 3 

49 9 

82 2 
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Figuree 1 . LIF spectra of gastric cancer and normal gastric tissue 
inn a case of gastric cancer 
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Figuree 2. Average LIF spectra of gastric cancer, dysplasia and 
normall gastric tissue in 38 cases of various gastric diseases 
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DISCUSSION N 

Inn recent years, progress has been made in the field of laser diagnosis for 
gastrointestinall  cancer * M] . Currently, autofluorescence detection is an important 
spectroscopicc technique being developed for use in endoscopy. This technique has 
alsoo been applied in the diagnosis of lesions in the gut tract with considerable success. 
Thee term "autofluorescence" is used here to denote the fluorescence emitted by tissue 
whenn it is excited by laser light without of haematoporphyrin derivatives (HpD) or 
otherr fluorescence drug administration [5l 

Thee basic mechanism of laser-induced fluorescence (LIF) generation remains poorly 
understood,, as does the reason for the different LIF values from cancerous and normal 
tissue.. Most authors consider that the differences of LIF spectra mainly depend on the 
morphologicall  and biochemical changes in various tissues, and that collagen, 
coenzymee NAD(P)H and flavins are the major sources of autofluorescence f6'7]. The 
characteristicc peaks near 630 nm and/or 690 nm in LIF spectra were due to 
accumulationn of endogenous porphyrin-like compounds [2]. In addition, a 
self-controlledd LIF spectra study of colonic cancer and normal tissue showed that the 
LEFF spectra of cancerous lesions and normal tissues differed in both the spectral shape 
andd the intensity distribution of the autofluorescence[3]. Bottirol et al. reported that 
excitationn at short wavelengths (<350 nm), which favors emission at 440 nm (typical 
off  biological tissues), results in differences in fluorescence intensity that are 
dependentt on the organization of the colonic tissue (collagen) and, possibly, on cell 
metabolicc activity (NAD(P)H) [8]. Excitation at long wavelengths (>350 nm), 
involvingg fluorophores in some way related to degeneration processes, could enhance 
thee differences in the spectral shape arising from the tumor host response. 

Inn using LIF spectra for the purposes of diagnosing gastrointestinal cancer, we aimed 
too distinguish the dysplasia and early cancer from normal tissue, and to increase the 
detectionn rate of early cancer as well as precancerous lesions. In 104 patients with 
variouss gastric diseases (including 28 gastric cancer) diagnosed by using xenon ion 
laserr induced autofluorescence spectroscopy (excitation wavelength of 365 nm), Xiao 
ett al. reported that the autofluorescence spectra of gastric cancer had the characteristic 
peakss at 630 nm and/or 690 nm and that this diagnostic method had a consistency rate 
off  75% as compared with pathologic diagnosis ^9\ Cothren et al. used 
nitrogen-pumpedd dye laser LIF spectroscopy (excitation wavelength of 370 nm) 
duringg colonoscopy in patients with adenoma, hyperplastic polyp and normal mucosa 
[io,ii ]]  -j^gy foun(i that spectra could be used to correctly differentiate adenoma from 
normall  colonic mucosa and hyperplastic polyp in 97% of the specimens with 100% 
sensitivity,, 97% specificity and a positive predictive value of 94% [ 1° 'n\ The LIF 
spectraa also correctly determined the tissue type in 88% of cases, equal to the 
agreementt of independent pathologists. The method was also able to detect of 
dysplasiadysplasia with 90% sensitivity, 95% specificity and a positive value of 90%. 
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Inn the present study, we used a helium-cadmium laser system (excitation wavelength 
off  442nm) to detect autofluorescence in 38 patients. Ninety-four LEF spectra were 
recorded,, including 33 from gastric cancers, 12 from atrophic gastritis with dysplasia 
andd 49 from normal gastric tissues. We found that autofluorescence spectra ranged 
fromfrom 450nm to 750nm, with one major peak (near 510nm) and three minor peaks 
(nearr 590nm, 670nm, 710nm). The intensity and shape of LEF spectra in gastric 
cancerr and normal tissue differed significantly. The fluorescence spectra of dysplasia 
weree intermediate between those of normal tissue and gastric cancer. Using the FI at 
662-677nmm and 701-716nm and the ratio FI (502-518nm)/FI (701-716nm) as the 
diagnosticc parameters, it was possible to diagnose gastric cancer with 83% sensitivity, 
91%% specificity, a positive predictive value of 88%, a negative predictive value of 
88%,, and 88% diagnostic accuracy. Furthermore, 67% of the LEF spectra of dysplasia 
couldd be classified as abnormal (cancer). 

Inn conclusion, the present study has helped confirm that LEF spectra detection is a 
usefull  real-time, noninvasive and accurate procedure in the diagnosis of gastric cancer. 
Autofluorescencee spectroscopy technique could serve as a guide to take biopsy 
specimenss and may become a useful tool in detecting dysplasia and early gastric 
cancer. . 
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