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Usefulness of Autofluorescence Imaging for Estimating the Extent
of Gastric Neoplastic Lesions: A Prospective Multicenter Study
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Background/Aims: The aim of this study was to de-
termine whether the margin of early to be detected
gastric cancer (EGC) and gastric adenoma is easier
to be detected with autofluorescence imaging (AFI)
than with white-light endoscopy (WLE). Methods: A
total of 102 lesions (48 EGCs and 54 gastric ad-
enomas) found in 98 patients were removed endo-
scopically or surgically. The measured length of each
pathology specimen was compared with the lengths
estimated using WLE, AFI, and chromoendoscopy.
Results: The lesions could be discriminated from sur-
rounding mucosa by AFl in 86 cases (84.3%). The
detection rates were similar for elevated lesions
(85.1%) and flat/depressed lesions (82.9%, p=0.770).
In terms of histology, the detection rate was slightly
higher for adenomas (90.7%) than for cancer (77.1%,
p=0.058). The estimated length was shorter than the
pathologic length in 31.4% of cases when using WLE
and 22.1% of cases when using AFl (p=0.168). The
resection range was larger for EMR than for AFI in
24 of 80 cases (30.0%). Conclusions: WLE tends to
underestimate the size of EGCs, whereas AF| tends
to overestimate their size. (Gut and Liver 2008;
2:174-179)
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INTRODUCTION

Gastric cancer is one of the leading causes of cancer
death in the world, and it is especially common in
Eastern countries." One of the major factors for improv-
ing the survival of gastric cancer patients is the early
detection.” With the development of endoscopic instru-
ments, early gastric cancers (EGCs) and gastric adenomas
are frequently diagnosed.>* The endoscopic mucosal re-
section (EMR) has become one of the established treat-
ment modalities for small early gastric cancers and gastric
precancerous lesions.”” For successful EMR, clear delin-
eation of the lateral margin of the lesion is very impor-
tant. Using conventional white light endoscopy (WLE),
some lesions are difficult to determine the exact border
between the lesion and the normal surrounding mucosa.
Many methods have been tried to clearly determine the
exact margin of the EGCs and gastric adenomas.®"

Autofluorescence imaging (AFI) is one of the newly de-
veloped technology which produces real-time pseudocolor
images by detecting natural tissue fluorescence from en-
dogenous fluorophores that is emitted by excitation
light.""*"® Several studies have reported that AFI could
reveal minute lesions of the stomach that were not de-
tected in the WLE.'****® Therefore, AFI might be helpful
for the determination of the extent of small gastric le-
sions before treatments such as EMR. In the present
study, we evaluated the role of AFI before the EMR of
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the EGC and/or gastric adenomas with emphasis on the
determination of the margins.

MATERIALS AND METHODS
1. Patients

This is a multi-center prospective study in Korea per-
formed between December 2005 and July 2006. Nine uni-
versity hospitals participated in the study. In patients
who are possible candidates for endoscopic treatment of
gastric cancer and/or gastric adenoma, upper endoscopic
examinations with AFI were done. There was no size lim-
itation of the lesions in this study, but most lesions were
less than 3 cm in diameter. Patients with inflammatory or
hyperplastic polyps or advanced gastric cancers were
excluded. A total of 98 patients were enrolled.

2. Endoscopic evaluation

The prototype videoendoscopes for AFI (XGIF-Q240FY;
Olympus Co., Tokyo, Japan)** were used for the present
study. First, whole stomach was carefully evaluated with
WLE, and the size and location of the lesion was
recorded. Thereafter, the lesion was re-evaluated with
AFL In this system, normal mucosa appears bright green,
whereas a tumor appears magenta. Areas containing more
hemoglobin are displayed as dark green in the image.*
Biopsies for suspected lesions were performed after the
whole evaluation with WLE, AFI, and chromoendoscopy.
All examinations were performed by experienced endo-
scopists at the respective participating centers. Data were
collected regarding location, size, diagnosis, and macro-
scopic shape of the lesions on the WLE and AFI mode,
respectively. The lesions were divided into two types by
the macroscopic shape; elevated type and flat or de-
pressed type. The size of each lesion during endoscopic
examination was determined using an open-biopsy for-
ceps, and defined as the longest diameter.

3. Resection of the tumors

A total of 102 lesions in 98 patients (73 men, 25 wom-
en; mean age 61.7+8.2 years) were found. Four patients
had two synchronous lesions. Ninety-four lesions were re-
moved endoscopically and 8 lesions surgically. The final
histological diagnosis of the lesions was early gastric can-
cer in 48 lesions and gastric adenoma in 54 lesions. On
the pathologic examination, histology, depth of invasion,
resection margin, lymphatic invasion and venous invasion
were also evaluated.

To evaluate the clinical efficacy of AFI, we evaluated
whether the size estimation of AFI was correct and
whether the extent of endoscopic resection was changed
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based on the AFI findings. We compared the estimated
size in endoscopy (WLE and AFI) and the length of the
tumor in pathology specimen. If the difference between
the estimated length and pathologic finding was no more
than 3 mm, the estimated length was considered correct.
We also evaluated whether the extent of endoscopic re-
section was increased, decreased, or not changed.

4. Statistical analysis

Continuous data are expressed as mean=standard de-
viation. Comparisons between groups were performed us-
ing the chi-square test or the Fisher’s exact test for cate-
gorical variables and the Student’s t-test or paired t-test
for continuous variables. SPSS version 11.0 software was
used for all analyses, and a p-value <0.05 was considered
statistically significant.

RESULTS
1. Characteristics of gastric neoplasms

The location of the lesion was antrum in 54 lesions
(52.9%), angle in 17 lesions (16.7%), body in 29 lesions
(28.4%), and cardia in 2 lesions (2.0%). Macroscopically,
67 lesions (65.7%) were classified into the elevated type
and 35 lesions (34.3%) were the flat or depressed type.
Histologically, 48 lesions (47.1%) were cancer and 54 le-
sions (52.9%) were adenoma. The mean length of the
102 lesions was 1.74+1.19 cm and the mean length of
the 48 cancers and 52 adenomas were 1.93+1.55 cm and
1.57+0.71 cm, respectively, in pathologic specimen. The
mean length of the 67 elevated and 35 flat or depressed
type lesions were 1.68+1.07 cm and 1.84+1.40 cm, re-
spectively, in pathologic specimen. Among the cancerous
lesions, well differentiated type accounted for 68.8%
(n=33), moderately differentiated type 16.7% (n=8), poor-
ly differentiated type 10.4% (n=5), and signet ring cell
type 4.2% (n=2). For depth of cancer invasion, carcinoma
in situ (CIS) accounted for 8.3%, lamina propria 52.1%,
muscularis mucosa 33.3%, the mid-part of the submucosa
(SM2) 4.2%, and the lower part of the submucosa (SM3)
2.1%. No cancer lesion showed tumor involvement of the
resection margin or evidence of vascular invasion.

2. Overall rate of detection of the lesion by AFI

In 102 lesions, 86 lesions (84.3%) could be identified
from the surrounding mucosa by AFI (Fig. 1). When the
lesions were divided into elevated and flat/depressed le-
sions, the detection rates were similar (85.1% and 82.9%,
respectively, p=0.770) (Table 1). When the lesions were
divided by their histology, the detection rate of adenoma
was slightly higher than that of cancer (90.7% and



176  Gut and Liver, Vol. 2, No. 3, December 2008

Table 1. Discrimination Rate by Autofluorescence Imaging

Fig. 1. Autofluorescence imaging
(AFI) of gastric adenoma. (A)
Conventional white-light endos-
copy (WLE) revealed a 2.2-cm
flat, elevated lesion on the
anterior aspect of the gastric
antrum. (B) In AFI, the same
lesion appeared purple, with the
surrounding  atrophic  gastric
mucosa appearing as a mixed
area of green and white.

Distinguishable Indistinguishable

p-
No. % No. % Vvalue
Gross shape
Elevated 57 85.1 10 14.9 0.770
Flat or depressed 29 82.9 6 17.1
Histology
Adenoma 49 90.7 5 9.3 0.058
Cancer 37 77.1 11 22.9

77.1%, respectively, p=0.058) (Table 1). Among the 48
cancerous lesions, 78.0% (32/41) of well or moderately
differentiated type lesions, and 71.4% (5/7) of poorly dif-
ferentiated or signet ring cell type lesions could be de-
tected using AFI (p=0.653). In selected case, AFI could
highlight subtle lesions that were hardly detected even
with magnification or after dye-spraying without sig-
nificant increase in the procedure time.

In the 16 lesions that were indistinguishable from sur-
rounding mucosa by AFI (Fig. 2), the mean length was
1.36=1.07 cm in pathologic specimen. The location of
these lesions was the antrum in 6 lesions (37.5%), the
angle in 1 lesion (6.3%), the body in 7 lesions (43.8%),
and the cardia in 2 lesions (12.5%). Macroscopically, 10
lesions (62.5%) were classified into the elevated type and
6 lesions (37.5%) were the flat or depressed type.
Histologically, 11 lesions (68.8%) were cancer and 5 le-
sions (31.3%) were adenoma. Among the cancerous le-
sions, there were 7 lesions (63.6%) of well differentiated
type, 2 lesions (18.2%) of moderately differentiated type,
and 2 lesions (18.2%) of poorly differentiated type.

3. Evaluation of the margins of the lesions by
WLE and AFI

Treatment options for early gastric cancer and adenoma

differs greatly depending on the estimated size in the
endoscopy. In this study, we considered the size estima-
tion to be correct if the difference between the estimated
length in endoscopy and the maximal length in histo-
logical specimen is no more than 3 mm. By these criteria,
WLE correctly estimated the size of the lesions in 53.9%
(55/102), and the percentage in AFI was 54.7% (47/86).
In the 86 cases in which lesions could be discriminated
by both WLE and AFI, the mean length of the lesions
was 1.81+1.21 cm in pathologic specimen. The mean es-
timated length was 1.76+0.88 cm by WLE and 2.00+0.99
cm by AFI (p<0.01, paired t-test). Estimated length was
shorter than pathologic length in 31.4% for WLE and
22.1% for AFL. No significant difference was found be-
tween this underestimation rate (p=0.168).

In the 29 cases of flat or depressed lesions in which le-
sions could be identified by both WLE and AFI, the mean
length of the lesions was 1.95+1.45 cm in pathologic
specimen. The mean estimated length was 1.69+0.69 cm
by WLE and 1.98+0.83 cm by AFI (p<0.01, paired
t-test).

4. Usefulness of AFI for decision making of treat-
ment limits in EMR

In the 86 cases in which lesions could be discriminated
by both WLE and AFI, EMR was performed in 80 cases.
The extent of endoscopic resection was increased in 24
cases (30.0%) after AFI study. Among the 24 cases, the
size was underestimated by WLE in 13 cases (6 cancers
and 7 adenomas).

DISCUSSION

Endoscopic systems using the different fluorescence
characteristics between normal and neoplastic tissue can
be divided into two systems.>'""7**** In early endoscopic



systems using fluorescence, photosensitizers should be
administered before the endoscopic examination. However,
the risk of photosensitization and the potential hep-
atotoxicity has limited its widespread use. In the auto-
fluorescence endoscopy system, however, exogenous pho-
tosensitizers are not required because it uses endogenous
biomolecules such as collagen, nicotinamide adenine dinu-
cleotide (NADH), flavin adenine denucleotide (FAD), and
porphyrins. Earlier systems of real-time autofluorescence
imaging, such as the D-Light/AF system (Karl Storz,
Tuttlingen, Germany),” fiberoptic endoscopy with at-
tached image-intensifying camera was used. In contrast,
the AFI system of this study detects endogenous tissue
autofluorescence by incorporated charge-coupled device
(CCD) in the videoendoscope. Therefore, it can show
brighter and clearer pseudocolor images than previous fi-
beroptic systems.

AFI uses the differences in tissue fluorescence proper-
ties, which depend on the concentration or depth dis-
tribution of endogenous fluorophores, and changes in the
tissue microarchitecture.’* Therefore, it is expected that
AFI might be useful for detecting minute lesions, espe-
cially flat lesion, and the determination of the lateral mar-
gin of the lesions. In addition, AFI can highlight subtle
lesions without magnification or dye-spraying and could
thus significantly reduce the procedure time.

In the present study, we used the AFI to examine pa-
tients with gastric adenoma and EGC to investigate its
clinical efficacy before the EMR. Using AFI, the cancers
could be distinguished from surrounding mucosa in
77.1% of the cases (Table 1). In a previous study, the de-
tection rate of early gastric cancer by AFI was 94%.”
Direct comparison, however, seems to be impossible, be-
cause the characteristics of the lesions seems to be
different. In this study, AFI was performed as a work-up
examination before the endoscopic mucosal resection, so
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Fig. 2. A case of early gastric
cancer that could not be discri-
minated by the AFIL. (A) Conven-
tional WLE revealed an ill-defi-
ned, slightly depressed lesion on
the anterior aspect of the gastric
antrum, which histology revealed
to be a well-differentiated adeno-
carcinoma. (B) In AFI, the color
of the depressed area could not
be discriminated from the sur-
rounding mucosa, with the entire
gastric mucosa appearing as a
mixed surface of purple and
green.

most of the lesions were small. This may have con-
tributed to our less than expected detection rate of EGC.
The reason for slightly higher detection rate for gastric
adenoma is uncertain.

In the EMR procedures, determination of the extent of
the lesion is very important.® If the margins of the lesion
are not determined correctly, it may cause high rate of in-
complete resection. In the present study, we tried to eval-
uate the role of AFI in the determination of resection
margins before the EMR for gastric neoplastic lesions.
However, direct correlation of AFI findings with histo-
pathologic findings could not be done because the study
was done in the multi-center setting. Therefore, we com-
pared the maximal length of the lesion estimated by vari-
ous methods. If the difference between the estimated
length and pathologic finding was no more than 3 mm,
the estimated length was considered correct. The 3 mm
criterion is arbitrary, but we considered that minimal tar-
get of cancer free resection margin is usually 2 mm.***
By the 3 mm criterion, the margin of the lesion was cor-
rectly estimated by AFI in 54.7% of the cases. We could
not find any significant difference between the correct es-
timation rate of WLE and AFI for either elevated or flat
or depressed lesions in this study. The efficacy of AFI in
the determination of the EGC is difficult to compare with
that of other studies. In the previous studies, it has been
reported that the cancer extension was correctly esti-
mated in 68-85% of the EGC cases.'*** In our opinion,
(1) differences in the definition of correct evaluation, (2)
the characteristics of enrolled cases and (3) the model of
endoscopes partially contributed these discrepancies.

In the present study, the estimated mean diameter of
the lesions by AFI was larger than that by WLE (1.98=+
0.83 cm and 1.69+0.69 cm, respectively). Estimated
length was shorter than pathologic length in 31.4% for
WLE and 22.1% for AFI. In addition, the endoscopist of
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this study reported that the extent of endoscopic re-
section was increased in 24 cases (30.0%) after AFL
These findings suggest that AFI before EMR may increase
the extent of the endoscopic treatment. It is not certain
whether this increased treatment extent can lead to an in-
creased complete resection rate determined by histology.
Although data are lacking, we think that AFI may de-
crease the rate of incomplete resection caused by under-
estimation of the extent by WLE.

Recently, with the development of the video AFI sys-
tem, the diagnostic yield of AFI has risen,"> and AFI tech-
nology has been markedly improving in the resolution
and the formation of the pseudocolor image. Therefore, it
is expected that AFI may become one of our major arma-
ment for diagnosing subtle gastric lesions soon. Recently,
combination of AFI with NBI have been suggested for the
early detection of Barrett esophagus.'® Further studies are
necessary to evaluate whether combination of AFI and
NBI improves the accuracy of endoscopic evaluation of
gastric lesions.

In conclusion, AFI could identify color difference in
most of small EGC and gastric adenomas. Compared to
the maximal length of the lesion by pathology, WLE had
a tendency to underestimate the size, whereas AFI had a
tendency to overestimate it. In selected cases, AFI was
useful for the determination of the treatment extent be-
fore EMR.
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