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Abstract

Background/Aims: Newly developed autofluorescence (AF)
imaging (AFl) endoscopy can detect AF emitted by the gas-
trointestinal wall and may reliably detect tumors or inflam-
mation that block AF. However, the efficacy of AFl endosco-
py has not been evaluated for diagnosing the depth of tu-
mor invasion in gastric cancer. Methods: AF endoscopic
images were splitinto three bands (R, Gand B) and expressed
as grayscale values. AF indices, defined as the ratio of the G
band image grayscale value to that of the R band, were cal-
culated preoperatively. Correlations of AF indices with inva-
sion depth and tumor thickness were assessed. AF indices
were calculated preoperatively for 72 gastric cancer lesions
without ulceration in 67 patients. The invasion grade of the
lesions was classified histologically into 5 groups: M, SM, MP,
SS and SE. Results: The mean tumor AF indices for each
depth stage were 0.99, 0.77, 0.75, 0.74 and 0.61, respective-
ly. A statistically significant difference was found between
group M and the other groups. Conclusion: AFl endoscopy

may reliably determine the depth of gastric cancer tumor
invasion, although an expanded study comprised of larger
numbers of subjects and different types of cancers may be
required to clearly demonstrate its validity.

Copyright © 2010 S. Karger AG, Basel

Introduction

An endoscopic diagnostic system that detects reflec-
tive autofluorescence has been tested [1], and a prelimi-
nary device has been constructed with the purpose of
evaluating lesions in the gastrointestinal tract [2]. Newly
developed autofluorescence imaging (AFI) endoscope
can be used easily and consistently to detect autofluores-
cence emitted from the gastrointestinal wall, with rela-
tive precision [3]. Initially, AFI endoscopy was anticipat-
ed to have promising clinical applications, and several
endoscopists have documented its clinical value [4, 5].
However, adequate and satisfactory evidence for the val-
ue of AFI endoscopy has, regrettably, not been found in
the endoscopic screening of gastric neoplasms, as report-
ed by several investigators [6-8]. Yet in the colon [9-13]
and Barrett’s esophagus [14-18], the superiority of AFI
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endoscopy over conventional endoscopy was observed
not only for the detection of lesions but also for the endo-
scopic differentiation of tumors.

The natural endogenous autofluorescence of the gas-
trointestinal wall originates from collagen in the submu-
cosal layer and other endogenous fluorophores, such as
nicotinamide, adenine dinucleotide, flavin and porphy-
rins [9, 19, 20]. Some lesions may show a reflective auto-
fluorescence pattern that is uniquely different from that
of the normal gastrointestinal wall. With the AFI endo-
scope, lesions such as tumors and inflammation block
autofluorescence from the gastrointestinal submucosal
and deeper layers, and are displayed as a magenta color
on the AFI, showing decreased autofluorescence, in con-
trast to the bright green color of the normal mucosa [21,
22]. Therefore, changes in autofluorescence intensity
have the potential to reveal hidden tumor thickness,
thereby allowing estimation of the depth of tumor inva-
sion. However, no studies have been published on the re-
lationship between autofluorescence intensity and inva-
sion depth of gastrointestinal tract tumors. Our aim in
the present study was to evaluate the efficacy of the AFI
endoscope in determining the depth of tumor invasion in
cases of gastric cancer.

Patients and Methods

From April 2007 to March 2008, 67 patients (M/F 38/29, mean
age 72.5, range 56-89 years), with a total of 72 non-ulcerated gas-
tric cancer lesions, who had undergone preoperative AFI endo-
scopic examination were enrolled in the present study. The evalu-
ated lesions consisted of 27 of the flatly elevated type (0-11a, 0-I1a
+ Ilc like, or type 2), 36 of the mildly depressed type (0-Ilc like),
and 9 of the protruded type (0-1, 0-1 + Ifa like or type 1). Gastric
cancers with ulceration were excluded, as ulcerative exudates
show an extremely bright AFI, thus hampering accurate tumor
evaluation and occasionally leading to overdiagnosis of the tumor
and tumor extension.

Endoscopy

A high-resolution endoscope with an AFl system (GIF-
Q260FZ, Olympus Medical Systems Corp., Tokyo, Japan) was
used. The AFI system incorporates another exclusively charged
coupled device for autofluorescence. For AFI endoscopy, excita-
tion light (390-470 nm) for the induction of autofluorescence
(500-630 nm) and green light (550 nm) for the reflectance image
were provided by a xenon arc lamp via the rotation filter. Normal
mucosa emits a vivid autofluorescence characterized by a bright
green image. Tumors show a magenta color, as the tumor lissue
diminishes autofluorescence. Five expert endoscopists with board
certification from the Japan Gastroenterological Endoscopy So-
ciety recorded the AFI photographs of the lesions with the accom-
panying background mucosa. To avoid the halation that can de-
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velop, the photographs were taken directly in front, in the most
optimal position possible.

Numerical Analysis of Reflective Autofluorescence

Endoscopic images that consist of three separate band images,
red (R), green (G) and blue (B), are usually subjected to gamma
processing for conversion to the linear tone of grayscale values.
Gamma processing is well known for interrupting the numerical
analysis of the image. The effect of gamma processing is removed
by de-gamma processing software (Image] ver 1.33, National In-
stitutes of Health, USA) to convert the values back to the original
tone scale before numerical image analysis. The images are then
splitinto R, G and Bbands, and expressed as grayscale values. The
G band image shows the intensity of the autofluorescence, and the
R and B bands show the reflectance image for green light (fig. 1).
In this AFI endoscopic system, the grayscale value of the B band
is intentionally assigned to be a twofold grayscale value of R band
to produce a clearer autofluorescence image, and the grayscale
value of the B band is automatically determined by that of the R
band. The grayscale value of the G band is decreased by blockade
of the reflective autofluorescence from the submucosal layer at
the lesion [6, 23-25]. The grayscale values of the R and B bands
are unchanged by the mucosal thickness and/or the autofluores-
cence intensity, as they are determined by the absorption feature
of hemoglobin (7). However, the grayscale value of the G band
showed various values with differing conditions, which shift with
changes in the distance and/or angle of the photographic subject.
Therefore, we ascertained that the autofluorescence (AF) index
for the area of interest constantly indicated the intensity of auto-
fluorescence in an area of interest based on results of an in vitro
study with a porcine stomach. Measurement of the AF index (de-
scribed below) was done by another expert endoscopist (A.O.)
who did not have prior knowledge of the histological findings of
the tumors,

AF Index Determination Based on the Porcine Stomach Study

We first prepared the following three AF indices to evaluate
the autofluorescence intensity of an experimental tumor in a por-
cine stomach: a raw value of the G band grayscales of the tumor
(a); the ratio of the G band grayscales of the tumor to that of the
background (a/b), and the ratio of the G band grayscale to the R
band grayscale of the tumor (G/R of a; fig. 2). After insertion into
the submucosal layer of the porcine stomach of semi-interception
material (polyvinyl chloride) against autofluorescence as an ex-
perimental tumor, G and R band grayscales were measured in
both the tumor and the background at different distances, rang-
ingfrom 1 to 5 cm, and the 3 indices were calculated. We prepared
3 porcine stomachs with experimental tumors and carried out
endoscopic observation in the following ways: a vertical view and
aslant view at an approximately 45° angle. Then, the most suitable
marker indicating the autofluorescence intensity was determined
by in vitro analysis with the porcine stomach.

Histological Analysis

The invasion depth and the thickness of the tumors were eval-
uated by an expert pathologist who had no prior knowledge of the
endoscopic AFI results and AF indices of the tumors. The inva-
sion grade of the tumors was determined histologically by exam-
ination of the resected specimensand classified into the following
five groups: M, SM, MP, SS and SE [26}. Tumor invasion was de-
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Fig. 1. Numerical analysis of endoscopic
images. Early gastric cancer with 0-1la +
Hc form is shown in the lesser curvature of
the gastric antrum. The autofluorescence
image was obtained after autofluorescence
excitation and usual green lights were ir-
radiated. After de-gamma processing of
the autofluorescence image drawn by a
false green color, it was split into images
with R, G and B grayscales. De-gamma
conversion is needed to process the RGB
image signal into linear values to analyze
the endoscopic autofluorescence image
numerically. Among the three images, the
value of the G grayscale indicates the in-
tensity of autofluorescence.

Fig. 2. An experimental tumor that can
mildly block autofluorescence was set into
the submucosa of a porcine stomach (A),
and then endoscopic autofluorescence im-
ages were taken at different distances (1,2,
3, 4 and 5 cm). The values of the G gray-
scale of the tumor (area a) and the back-
ground (area b) were obtained using calcu-
lating software (B).

fined as invasion of the mucosa or muscularis mucosa (M), sub-
mucosa (SM), muscularis propria (MP), subserosa (SS) and pen-
etration of serosa (SE). The mean thickness of the tumor was mea-
sured with a maximum of 9 points, with each of 3 points assigned
to 3 different sections of a lesion (fig. 3). Finally, the relationships
between the AF index and the invasion depth or tumor thickness
were investigated.

Statistical Analysis

Determination of the most available AF index was done by the
Bartlett test in the porcine stomach study. The statistical analysis
of the relationship between the AF index and the invasion depth
of the tumor was performed with the Wilcoxon signed-rank test
only when the Friedman test showed significant differences. The
correlation between the thickness of the tumor and the AF index
was evaluated with Spearman’s analysis. The diagnostic value of
the AF index for the invasion depth of the tumor was evaluated

98 Digestion 2010;81:96-103
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by the receiver operator characteristic (ROC) curve. p values of
<0.05 were considered significant. All statistical analyses were
performed with Statistical Analysis Software (SPSS, version 12.0
for the PC, SPSS Japan Inc.).

Results

The raw values of the G and B bands and the back-
ground grayscale of the experimental tumor at various
distances were measured by the vertical and slant obser-
vation view in 3 porcine stomachs, and the ratio of the G
band grayscale of the tumor to that of the background
and the ratio of the G band grayscale to the R band gray-

Otani et al.



Fig. 3. The thickness of the tumor was measured at three points
in three different sections of the specimen, and the mean value
was calculated. In the present study, none of the lesions had vast-
ly different thicknesses from one part to the next, as tumors of the
depressed type were excluded.

scale of the tumor were calculated as shown in table 1.
Among the 3 indices, the raw value of the G band gray-
scale of the experimental tumor, the ratio of the G band
grayscale of the tumor to that of the background, and the
ratio of the G band grayscale to the R band grayscale of
the tumor, the G/R grayscale ratio of the tumor showed
the minimum variance in the observation distances by
both the vertical and slant observation views (p < 0.001).
These results suggest that the G/R grayscale ratio is an
excellent marker for autofluorescence intensity, as it is
not influenced by the observation distance or the obser-
vation angle. Therefore, the G/R grayscale ratio was used
as the AF index to evaluate the autofluorescence inten-
sity of the tumor in the present study.

A pilot study done to evaluate the AF index clinically
also found it to be an excellent marker for autofluores-
cence intensity. Three gastric cancer lesions were pre-
pared for measurement of parameters possibly revealing
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Fig. 4. Relationship between the autofluorescence (AF) index and
the invasion depth of 72 gastric cancers. Smaller indices showed
deeper invasion. In particular, the AT index of the depth M group
was significantly larger than those of the remaining groups (*p <
0.05). Each box shows data from the 25th to the 75th percentiles;
the bolded line in the box is the median value. The T-line above
each box represents the 90th percentile, and the nadir line under
each box represents the 10th percentile.

the autofluorescence intensity of the lesion. Lesion A was
depth M cancer (0-1Ta); B was depth SM massive (0-IIa +
1Ic) and C was depth SS (elevated type). The autofluores-
cence intensity of each lesion was measured with the AFI
endoscope atapproximately near, middle and far distanc-
es. The reproducibility of several parameters was com-
pared with the G/R grayscale ratio of the tumor (the AF
index). Standard deviation values of the G/R grayscale
ratio of the tumor showed significantly smaller variance
compared with raw values of G band grayscales of the tu-
mor and the index of G lesion/G background. The most
suitable marker as the AF index was also clinically prov-
en to be the G/R grayscale ratio of the tumor in the anal-
ysis of the human stomach, as shown in table 2.

The histological types of gastric cancer of the enrolled
patients were 38 well-differentiated adenocarcinomas, 11
undifferentiated (diffuse), and 13 mixed. No relationship
was found between histological type and autofluores-
cence intensity. Of the 72 lesions analyzed, the histologi-
cally determined invasion depth of the gastric tumors in-
cluded 29 in the M group, 22 in the SM group, 6 in the
MP group, 7 in the SS group, and 8 in the SE group. The
relationship between the AF indices and the invasion
depth of the tumors is shown in figure 4. Mean AF indi-
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Table 1. Relationship between G band grayscale values of experimental tumor lesions, the G band grayscale ratio of the tumor to the
background and the G/R grayscale ratio of the tumor at different distances by vertical and slant view observation of the autofluores-

cence imaging endoscope in the porcine stomach

Porcine Distance  Grayscale values Indices
letter cm
G tumor, R tumor G background G tumor/ G tumor/R tumor
G background

A 1 38.25(37.89) 36.55 (36.12) 50.32 (46.25) 1.046 (0.819) 1.046 (1.049)
2 36.33 (35.67) 34.68 (33.21) 52.11 (58.33) 0.697 (0.611) 1.047 (1.060)
3 34,66 (33.21) 34.22 (33.98) 56.88 (65.23) 0.609 (0.509) 1.012 (0.977)
4 34.56 (32.58) 32.18 (33.76) 65.23 (66.32) 0.529 (0.491) 1.073 (0.965)
5 32.37 (32.78) 3222 (31.22) 57.36 (70.25) 0.564 (0.466) 1.004 (1.049)

B 1 42.47 (41.56) 41.44 (40.23) 55.23 (60.23) 0.769 (0.690) 1.025 (1.033)
2 41.36 (40.65) 40.74 {39.66) 63.55 (54.56) 0.651 (0.745) 1.015 (1.025)
3 39.22 (39.88) 38.22 (39.37) 46.78 (46.02) 0.838 (0.867) 1.026 (1.013)
4 39,32 (37.98) 38.56 (37.88) 40.33 (65.22) 0.975 (0.582) 1.020 (1.003)
5 38.22 (38.35) 38.11 (38.66) 60.12 (44.32) 0.636 (0.865) 1.003 (0.992)

C 1 32.27 (29.33) 29.33 (29.02) 66.75 (65.36) 0.483 (0.449) 1.100 (1.010)
2 31.80 (29.58) 28.25(28.56) 49.04 (51.02) 0.648 (0.580) 1.126 (1.036)
3 29.55 (30.52) 27.32 (28.33) 70.85 (46.80) 0.417 (0.652) 1.082 (1.077)
4 28.55 (27.30) 26.24 (26.58) 44.36 (43.25) 0.644 (0.631) 1.088 (1.027)
5 28.78 (26.98) 26.75 (25.10) 45.66 (68.12) 0.630 (0.396) 1.076 (1.075)

SD A 2.195(2.299) 1.836 (1.755) 5.798 (5.798) 0.202 (0.144) 0.028%(0.045)*
B 1.740 (1.514) 1.558 (0.912) 9.565 (8.977) 0.140 (0.121) 0.009%(0.016)*
C 1.732 (1.532) 1.231 (1.637) 12.49 (11.18) 0.107 (0.113) 0.019%(0.029)*

Variance A 4.821 (5.286) 3.372 (3.080) 33.62 (353.6) 0.044 (0.021) 0.001 (0.002)
B 3.030 (2.294) 2.430 (0.832) 91.46 (80.59) 0.020 (0.015) <0.001 (<0.001)
C 3.001 (2.348) 1.516 (2.682) 156.1 (125.1) 0.011 (0.013) <0.001 (<0.001)

Values by slant view observation are shown in parentheses. G lesion = G band grayscale value of the tumor; R lesion = R band gray-
scale value of the tumor; G background = G band grayscale value of the background; SD = standard deviation.
* p < 0.001, compared to raw values of the G band grayscale of the tumor and the index of G lesion/G background.

ces and standard deviations were 0.99 = 0.31, 0.77 *
0.21,0.75 % 0.05,0.74 * 0.17 and 0.61 £ 0.03 in the M,
SM, MP, SS and SE groups, respectively. The mean AF
index of the M group was statistically significantly larger
than those of the remaining groups (p < 0.05). However,
the mean AF index of the SM group did not show a sig-
nificant difference in comparison with those of the ad-
vanced stage groups (MP, SS and SE). The area under the
ROC curve in the diagnostic value of the AF index for
gastric cancer invading within the mucosal layer was 0.87
(95% C10.79-0.95), as shown in figure 5. In this field, the
cutoff value of the AF index was decided as 0.82. When
the cutoff value of the AF index for the diagnosis of the
tumor invasion grade of gastric cancer with depth M was
set at 0.82, the diagnostic sensitivity was 0.82 and the
specificity was 0.65.
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On the other hand, thicker tumors had weaker auto-
fluorescence intensity, i.e., a lower AF index. A statisti-
cally significant negative correlation (r = -0.024, p =
0.011) was found between these two parameters. The re-
lationship between AF indices and mean tumor thick-
ness is shown in figure 6.

Discussion

Conventional endoscopy for gastric cancer in its in-
cipient stages was thought to be a useful tool that could
yield information regarding tumor detection, tumor
characteristics, and perhaps, the extent of tumor inva-
sion. In particular, the necessity for assessing the inva-
sion depth of early gastric cancer is a very important fac-
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Fig. 5. The receiver operator characteristic (ROC) curve of the
diagnostic value of AFI endoscopy for gastric cancer invading
within the mucosal layer (M). The area under the ROC curve was
0.87 (95% CI 0.79-0.95).
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Fig. 6. Relationship between the autofluorescence (AF) index and
the mean thickness of 72 gastric cancers. The AF index was also
related to the mean thickness of the tumor (r = -0.024, p = 0.011),
Dotted lines show the ranges of a 95% confidence interval.

tor in deciding to undertake an endoscopic therapeutic
procedure [27, 28]. The diagnostic method with the best
outcome for evaluating tumor invasion is endoscopic ul-
trasonography (EUS) [29-32]. However, even with EUS,
there are notable limitations involving the diagnosis of
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Table 2. Relationship between G band grayscale values in preven-
tative cases with gastric cancer, the G band grayscale ratio of the
tumor to the background and the G/R grayscale ratio of the tumor
at different distances in the stomach

Le- Dis- Grayscale values Indices
ston: .. fance G R G back- Gtumor/ G tumor/
turnor - tumor.-- - ground G back- . R tumor
ground

A Near 57.65 4948 60.21 0.957 1.165
Middle 4826 4135 62.11 0.749 1.167
Far 21.02 1806 26.23 0.801 1.163

B Near 52,64 6149 53.72 0.979 0.856
Middle 41.06 4794 5477 0.821 0.856
Far 1924 2239 26.64 0.722 0.859

C Near 72,78  113.89 66.32 1.097 0.639
Middle 32.82 51.12 3997 0.801 0.642
Far 29.04 46.09  49.05 0.592 0.630

SD A 19.02 1630  20.18 0.108 0.002*
B 1695 1985 1594 0.129 0.001%
C 2423 3777 13.38 0.253 0.006%

Vari- A 3619 2659 4076 0.012  <0.001

ance B 287.6 3942 2542 0.017 <0.001
C 587.3 1427 179.1 0.064  <0.001

G lesion = G band grayscale value of the tumor; R lesion = R
band grayscale value of the tumor; G background = G band gray-
scale value of the background; SD = standard deviation. Lesion
A = 0-IIa type cancer, depth M; lesion B = 0-la+IIc type cancer,
depth SM-3; lesion C = elevated type cancer, depth SS.

¥ p <0.001, compared to raw values of the G band grayscale of
the tumor and the index of G lesion/G background.

the depth of tumor invasion [33]. For example, in tumors
of the protruded type, depth of invasion diagnosis is pre-
vented due to central attenuation of the ultrasound [34,
35]. Accordingly, there is no reliable method available
that renders a thorough diagnosis with respect to the
depth of tumor invasion.

In recent studies, there has been little evidence sup-
porting the efficacy of AFI endoscopy for the early detec-
tion of small gastric neoplasms [6-8]. Abe et al. [6] re-
ported that the overall detection rates of gastric cancer
with the light-induced fluorescence endoscopy system
were 92.3 and 100% in the early and advanced stage.
Their system was composed of a mercury lamp with 437
nm of excitation blue-light wavelength, and 490-560 or
=630 nm of detection wavelengths of the autofluores-
cence. On the other hand, the AFI system used in this
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study was composed of a xenon arc lamp with 390-470
nm blue-light wavelengths for excitation and 550 nm of
green-light wavelength for the reflective image of the au-
tofluorescence. Based on the differences between the two
systems, the image quality for the detection of gastric
cancer may be different. Consequently, all gastric cancer
could be detected with the AFI endoscopy system used in
this study, even if the tumor stage is very early or the his-
tological finding is undifferentiated. Moreover, AFI en-
doscopy may play another role for cases with gastric can-
cer, such as in the diagnosis of tumor invasion depth.
However, no reports have affirmed the validity of AFI
endoscopy for the diagnosis of tumor invasion depth.
Among the endogenous fluorophores, the most impor-
tant contributor is the collagen of the submucosal layer
(20, 23-25]. The emission spectrum of collagen is about
350-450 nm [36, 37}, and these waves are excited mainly
by the AFI system used in the present study. When tumor
occupation of the submucosal layer is significantly large,
the autofluorescence detected by the AFI endoscope di-
minishes remarkably. In contrast, tumors in the superfi-
cial mucosal layer may not show decreased autofluores-
cence. Therefore, the tumor invasion depth quite possibly
influences the interference of the emission of autofluo-
rescence, and subsequently the intensity of autofluores-
cence may indicate the degree of tumor invasion. More-
over, the AF index defined as the best marker for auto-
fluorescence intensity was easily detectable, and its
reliability was elucidated by both analyses of an animal
model and a human stomach.

In the present study, gastric cancer with an invasion
depth of M could be discriminated from those with oth-
er invasion depths. AF indices (G/R ratio) were not influ-
enced by the distance or the angle of observation or by
the variations in the autofluorescence intensity of the
background mucosa. The index consisted of the ratio of
the autofluorescence intensity to the grayscale value of
the R band image in the area of interest after de-gamma
processing of the endoscopic images, and the latter sub-
sequently showed a constant value in every condition. We
found in the present study that there is a marked differ-
ence in AF indices between tumors with an invasion
depth of M and other grades. This difference may be de-
rived from residual collagen fibers in the submucosal lay-
er that have not yet been replaced by cancer cells when
the carcinoma occupies only the superficial mucosal lay-
er. For the endoscopic treatment of early gastric cancer, it
is important to decide whether the tumor invades within
M or the superficial layer of the submucosa, SM-1 [27, 28].
However, the differences in AF indices cannot be evalu-
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ated between cancers with M and SM-1 invasion depths,
as there was no case of gastric cancer with SM-1 invasion
during this study period. In the present study, most cases
with SM invasion showed patterns of massive invasion
(SM-2 or SM-3). Therefore, it follows that further study
may elucidate whether the AF index can discriminate tu-
mors within the M group from those within the SM-1
group. Because the diagnostic specificity is not high, a
definite conclusion stating that the autofluorescence in-
tensity of gastric cancer decides the grading of invasion
depth cannot be made. However, because the diagnostic
sensitivity is high, AFI endoscopy indeed plays an impor-
tant role in the diagnosis of invasion depth in the present
study. Further developments of the AFI system may more
closely contribute to the diagnostic yield for tumor inva-
sion.

One of the critical issues to bear in mind is the histo-
logical subtype of the gastric cancer. Autofluorescence in
signet ring cell carcinoma was reported to show an atyp-
ical pattern due to the presence of collagen production
induced by the cancerous lesion [38]. In addition, gastric
cancers with ulceration were excluded from the present
study because whitish, ulcerative mucosal exudates show
an extremely high AF index that interferes with the as-
sessment of the lesion’s autofluorescence intensity. It has
also been reported in the analysis with an EUS study that
ulcerative changes decrease the diagnostic accuracy of
invasion depth in cases of early gastric cancer [39]. It may
be necessary to improve the current diagnostic method
or to create a novel system to analyze invasion depth ad-
equately in cases of gastric cancer with ulceration.

In conclusion, AFI endoscopy may be helpful for de-
termining tumor invasion depth in gastric cancers exhib-
iting no ulceration. However, to demonstrate the validity
of this method as a diagnostic tool, an expanded study
comprised of larger numbers of patients and lesions of
varying types is required.
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