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In this paper, we demonstrate the relationship between the measured spectra and histopath-
ological features for different differentiated type adenocarcinoma. First, the linear discriminant
function, based on Foley-Sammon transform, by measured spectra from gastric mucosa can
discriminate between well differentiated type adenocarcinoma and moderately differentiated type
adenocarcinoma. Next digital tissue phantom by the light propagation model which incorporates
Mie phase function with Monte Carlo (MC) method indicate that the feature differences between
well and moderately differentiated type adenocarcinoma may be derived from the variation for
nemoglobin molar concentration and average values of nuclear size distribution.
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Table1l Number of spectral data and patients for each
differentiated type adenocarcinoma.

Number of Number of
spectral data patients
Well differentiated type 18 5
adenocarcinoma
Moderately differentiated type 6 3
adenocarcinoma
Poorly differentiated type 5 1

adenocarcinoma
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Table 2 Parameters list in MMC calculations.

Refractive index of particle
and surrounding medium

Particle diameter

Mie calculation

Scattering cross-section

‘—1 Number density of particle ‘

Scattering coefficient 4, (4) I

’ Phase function p(8,4) ’

l
Other parameters _,{ MC method ‘
- Absorption coefficient
- Sample thickness Geometry of reflected light
etc... detection

Reflected spectrum

Fig.1 Flow of MMC calculation.
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i3, EHOEEEOEC MO EL~NEZ 0
VEBEIZ L DRET 5,

RiZ, MMC EFNVDY I ab—¥a Y& T
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YavEMEETRD LI ITRELTARY P NVEE TS
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Fixed parameters in each MMC calculations
Thickness of medium (cm)
Number of layers
Refractive index of scatterer/surrounding medium
Oxygen saturation
Number density of organelles size particles (cm™3)

Average and standard deviation of organelles’ particle size distribution (um)

Photon number in each MMC calculation

0.1

1
1.4/1.37
0.6
20x10°
1.0/0.1
10000000

Variable parameters in each MMC calculations
Average of nuclear particle size distribution (xm)

Standard deviation of nuclear particle size distribution (um)

Number density of nuclear size particles (cm™2)
Hemoglobin concentration (mol/L)

3.5-11.0 (0.5 zm step)

1.0, 1.3, 1.6

0.25, 0.5, 1.0, 2.0 (x108%)
5.70X107-1.14 X 10™* (11 varieties)

Upper table shows the fixed parameter list and variable parameters are shown in lower side.
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Photon detection area
Optical fiber
Incident light (Gaussian)

2 degrees
14.3mm

e Ay
N

1.0mm
0.5mm 1.0mm

Digital tissue phantom

Fig. 2 Simulation geometry in MMC calculations.
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Fig. 3 Principal components calculated using MMC model.
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Fig. 4 Example of comparison between the original
reflected spectrum for well differentiated type adenocar-
cinoma and the spectrum estimated by principal compo-
nents derived from MMC spectra. As can be seen, when
three or further components are used, the estimated spec-
trum are in good agreement with the measured spectrum.
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Fig.5 Normalized root mean square error for stomach
29 spectra is shown against the number of principal com-
ponents derived from MMC spectra.
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Fig. 6 (a) Scatter plot of the reflected spectra of well and
moderately differentiated type adenocarcinoma on the
Foley-Sammon 1st and 2nd vector calculated by mea-
sured spectra. (b) Feature line calculated by measured
spectra.
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Fig. 7 True rate for well and moderately differentiated
type adenocarcinoma is plotted against the dimension of
spectral data.
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Fig.9 Part of scatter plot of the measured spectra of well and moderately differentiated type adenocar-
cinoma and MMC spectra on the principal component 1st and 2nd vector calculated by MMC spectra.
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o UBEDHEEZFNFN, b L RERIICELSETE
Blicviav—yvary7—39»s6, IhsOYHENEE
bz A7 MRS EWCHAT 570D FSEHREITS.
ZL7T, Bohic feature line 45, MR OFHIRIESD
ANEZ 0 EVREOREICICHIEYT 2 RFEEMzRD, 0
R @b B & o LB e O FR| 7 — & R
¥,

%7, EMEERRE L POEBIE D ER A~ bR
SBET 572D feature line ODFRETORE, Y21 —v 3
VBV, SE1HTARRLEEESELE LT, &5
LTI O M fa % R % % 6.5~8.5 um (0.5 um [
F), FR¥EIRZE 1.6 pm, o bEEARREE 9.0~11.0 xm,
EHEMRZE 1.6 um ERRET D, B8, HMEEDE N L AT
7ot RE L OEENENIGERE DTS L ITBRS
TIIRAJRET H % %3, feature line SFECHET 2 ~E S
O EEEEE, Marchesini 5 ik DEI N TS
KIGHEDORINIRE 2 KT 52 ~E /0 EEEE2EA
U7z (Fe72L, SR 19 OWRIRENS in vitro T O SCERE
ThH?).

Table 3 2R 9 & 512, MIEPHEII/NS S ~NES T
EVBENFGVWEEDNT A=Y —¥y b (Set 1) %[
E L (maeBUiE = 0E), MO FHRE D A1k
I¥ELE (Set 2), "EZJOEVEEDAELEEI L
& (Set 3), sH WA EELE ¥z L& (Set 4) D3
HEICOWT, ZNENFSE#EIT, feature line %
FET 5, Tk, K- feature line 2 220 1y,
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Table 3 Parameters to calculate the linear discriminant functions.
Set 1 Set 2 Set 3 Set 4

Avgerage of nuclear particle size distribu- 6.5-8.5 9.0-11.0 6.5-85 9.0-11.0
tion (wm)
Hemoglobin concentration (mol/L) 5.70X1075-1.14X10~* 5.70X107%-1.14x10~* 2.85X107°-3.99%x107® 2.85X107°-3.99x 10~

Sta_ndargi d@via_tion of nuclear particle 16 16 16 16
size distribution (um)

N122;13§§)den51ty of nuclear size particles 10X 10° 1.0 X 10 10X 108 1.0 10
Number of calculated spectra 15 15 15 15

Parameter set of Set 1 is used for simulating the spectra of well differentiated type adenocarcinoma, and those of Set 2-Set 4 are
used as simulating the spectra of moderately differentiated type adenocarcinoma.

-0.035 Table 4 True rate for each parameter set shown in Table 3.
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Fig. 10 Scatter plot of simulated spectra of MMC spectra Lx (f,) LEHRRE~TEISubE VBEEOWAZ2ELE
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Fig. 12 Plotted result of MMC spectra and measured spectra on f, and f,.
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Table5 Estimated result for average of nuclear size distribution and hemoglobin molar concentration from measured spectra.

Average of nuclear size distribution (xm)
Differentiated type| 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
171 Well 0 2 2 2 1 0 0 0 0
. ’ Moderately 0 0 1 1 1 0 2 0 0

Hemoglobin

molar 998 Well 0 3 3 3 1 0 0 0 0
concentration ’ Moderately 0 0 0 0 0 0 0 1 0
(X107 mol/L) . Well 0 1 0 0 0 0 0 0 0
' Moderately 0 0 0 0 0 0 0 0 0

Numbers in each grid show the number of spectral data.

1.81X10°mol/L &3k o>z, BHIFEATET 4 Y5
772 N AORBENRTAITHLID, IhSDHEDEE
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3 BB R IRAE & T LB BRIE O IR IR, &K T
83.3% Thole., ZOFERIE, FHT - 65ELI
AR EFERLBED 91.7% 2% 2 ERTH - 2.
ZOBEROVEDELTH, fERLIT4YIVT 7 b
I EEBOERKE L OREICTREDS D 2 803D T 5 1
B, TAVINT 7Y N AESEFELE LTHRS 2%,
BB NER IS AR B BRI WIUA DR B, S 512l
HEBHERICRBREE RS T 272D fTbh 2 XK
L B EEOMHESS, NI X 2 HEERE» 5 £ L HH
BEEOEE, ¥Ial—yaryETVORRIRART
Hb, %1z, FEALITEERBYED AR VT =
67T —Fedinn, 5%, TAYINVT 7Y PADBER
ZITH bz, DB DERRRT bV T —FIIHL
TEHE %2475 2 EBMETH 5.

SENE, EHT - BOFR» S, EmHLIRRE L Fs
{EREICER L, —7h, EbBECEE T 2 M =
728610, EBOEREE BB RES b TR
BB L CREBEL2RS R R b ke, BEBEDOR
RESEL S, LIcho> T, BEMLBIRRE - o baE &
RS AERIRIE & DFRA % D BRIz ix, MIRIEL DO FETR
~NEZ O E EENMN, BREBE Y — DB EFR
TEHELERD L, BREBEOENICLST, EDLIIZR
7 MV T RO LICT B 2 LR, SBROFRE
Ths.

7. # & )
FE5I1Z, MMCETVvhoitEahsyiarv—va

488 (44)

VT8 EERENSER L ICANRS MNVT =8 EHRT
32T, FHBEOBEMEENNOWREEZRE L7,
LS L LB RE O ER AT P VEE %,
FSEBUC X VT LR, SWBETHEBAETH -
7z, 8512, REETHH LU GRAIBEE & e R 2R
WIZBWT, BT -5y av—yaryi—4 2K
T2k, BAEBIRRE & oo LB RRE O SR ER AR
HRHEOE WD, ~NES 0 EURE LR OFERE
WBEL TWwWa Z e BNRBahi, SROFBROATIE,
ANEZ T E VEE M OFIREE AT V5K
WBIEVRTEREEROTBICEE> TRV, 5%
EBIWIHTL, FHEZITY 22k, FEENCESED
T OB 2 HWTATEE R ST Y A T AFEA DB H3A]
BRICR2bD LRI A,

X B

1) V. Backman, R. Gurjar, K. Badizadegan, 1. Itzkan, R. R.
Dasari, L. T. Perelman and M. S. Feld: “Polarized light
scattering spectroscopy for quantitative measurement of
epithelial cellular structures iz situ,” IEEE. J. Sel. Top.
Quantum Electron., 5 (1999) 1019-1026.

2) M. Sambongi, M. Igarashi, T. Obi, M. Yamaguchi, N.
Ohyama, M. Kobayashi, Y. Sano, S. Yoshida and K. Gono:
“Analysis of spectral reflectance using normalization
method from endoscopic spectroscopy system,” Opt. Rev., 9
(2002) 238-243.

3) EAKRER, A+EH, MEREE, WOHRE Rk,
MIEE, K =, HSHEFE, 506 “BEFRNEECS
J 2R ER DB U 7o S ERE OIRET”, B, 32 (2003)
320-327.

4) S. Kikuchi and N. Ohyama: “Statistical spectrum discrimi-
nation for endoscopic imaging,” Bioimaging, 3 (1995) 25-
34.

5) mEERE, XM, KNUP—, BEES ‘G2 - BAR
ORI, B Elg, 38 (2003) 57-65.

6) GEEE, = BT FREE TEBE, BELHEYIE
AL BUBRSE O A E R RFE, B L RER, 13 (1995) 10-
17.

7) D. H. Foley and J. W. Sammon, Jr.. “An optimal set of
discriminant vectors,” IEEE Trans. Comput., C-24 (1975)
281-289.

ot F



8)

9)

10)

11

12)

13)

AHEB, ZARER, NEEL, IO, KILKE, /)
MIEE, FF %, HHKERE, R “BHEEOSEK
HER2H W FIHEEOEEEER”, FE490 G Y
FREAHESHEETRE (2002) p. 1006.

L. H. Wang, S. L. Jacques and L. Q. Zheng: “MCML—
Monte Carlo modeling of light transport in multi-layered
tissues,” Comput. Methods Programs Biomed., 47 (1995)
131-146.

L. G. Henyey and J. L. Greenstein: “Diffuse radiation in the
galaxy,” Astrophys. J., 93 (1941) 70-83.

J. R. Mourant, A. H. Hielscher and I. J. Bigio: “Monte Carlo
simulation incorporating Mie calculations of light transport
in tissue phantoms: Examination of photon sampling vol-
umes for endoscopically compatible fiber optics probes,”
Proc. SPIE, 2679 (1996) 124-130.

B. Gelebart, E. Tinet, J. Michael Tualle and S. Avrillier:
“Phase function simulation in tissue phantoms: A fractal
approach,” Pure Appl. Opt., 5 (1996) 377-388.

M. Igarashi, K. Gono, T. Obi, M. Yamaguchi and N.
Ohyama: “Simulation of spectral reflectance of multiple
scattering medium using the method combined Mie theory

33% 85 (2004)

14)

15)
16)
17)

18)

19)

with Monte Carlo method,” Proc. SPIE, 4955 (2003) 305-
313.

KEREZ % — BT 2 BB T 23830
ee”, BEFRMTE SR RS (1981) p. 57.

BE H:SEEEABE @EEE, 1990).
HEAM, = ' AEC, EaREBs s EEERE

MBSz ORA > (HEXT 4 AN ry—, 2001).
WOFRE © “F B O MU M & — R ENR R O WHESE
BB L CHBEOFR - oBRE”, BREESE 72 (1981)
609-632.

B i, Bf—Z, \BER, TERXE, HINEL, 3
HEE, ZHAZ, FARE, AIEX BHLZHE, 1E
E, B B, MEBEIEHRMEERSEOZEENEE
R X2 T & NEREART R OBE, NIRERMAE LN
HGE EOEFL L EOMBE L oBE IOV, §
EBB, 6 (1971) 725-738.

R. Marchesini, E. Pignoli, S. Tomatis, S. Fumagalli, A. E.
Sichirollo, S. D. Palma, M. D. Fante, P. Spinelli, A. C. Croce
and G. Bottiroli: “Ex vivo optical properties of human
colon tissue,” Laser Surg. Med., 15 (1994) 351-357.

489 (45)



