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Abstract

AIM: To evaluate the determination of the margin
of differentiated-type early gastric cancers by using
conventional endoscopy.

METHODS: We retrospectively evaluated 364 differen-
tiated early gastric cancers that were endoscopically
resected as en-bloc specimens and diagnosed patholo-
gically in detail between November 2007 and October
2008. All procedures were done with conventional
endoscopes and all endoscopic samples, before and after
indigo carmine dye, were re-evaluated using a digital filing
system by one endoscopist. We analyzed the incidence of
lesions with unclear margins and the relationship between
unclear margins and relevant clinicopathological findings.

RESULTS: The rate of lesions with unclear margins
was 20.6% (75/364). Multivariate regression analysis
suggested that the factors that make the determination
of the margin difficult were normal color, presence of
components of flat area (0-1Ib), a diameter = 21 mm,
ulceration, and components of poorly differentiated
adenocarcinoma in the mucosal surface.

CONCLUSION: As many as 20% of differentiated early
gastric cancers show unclear margins. Consideration of
the factors associated with unclear margins may help
endoscopists to accurately determine the margins of the
lesion.

Key words: Early gastric cancer; Conventional endos-
copy; Determination of the margin
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Core tip: As many as 20% of differentiated early gastric
cancers show unclear margins by using conventional
endoscopy. Consideration of the factors associated with
unclear margins, such as normal color, presence of
components of flat area (0-IIb), a diameter = 21 mm,
ulceration, and components of poorly differentiated
adenocarcinoma in the mucosal surface, may help
endoscopists to accurately determine the margins of the
lesion.
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INTRODUCTION

Since Gotoda et al'¥! described the incidence of lymph
node metastasis from early gastric cancer and with
the development of endoscopic submucosal dissec-
tion (ESD), early gastric cancer is often resected
endoscopically. When endoscopic resection of early
gastric cancers is performed, it is important to accu-
rately determine the margin of the lesion. A vague
determination of the location of the margin may allow
residual cancer to remain, leading to recurrences and
additional resections. Recently, imaged enhanced
endoscopy (IEE) procedures, such as narrow band
imaging (NBI), auto fluorescence imaging (AFI), or
flexible spectral imaging color enhancement (FICE)
have been developed; however, these methods have
not been adopted everywhere. Therefore, an accurate
understanding of the use of conventional endoscopes is
still relevant.

In this study, we evaluated the determination of the
margin of differentiated-type early gastric cancers by
using conventional endoscopes and investigated the
factors that may make the margin unclear.

MATERIALS AND METHODS

A total of 381 differentiated early gastric cancers
were resected endoscopically between November
2007 and October 2008. We excluded 17 early gastric
cancers that could not be evaluated in detail because
of piecemeal resection, severe burning effects, or
other confounding factors. A total of 364 early gastric
cancers were included in this study. We reviewed the
clinical records, endoscopic images, endoscopy reports,
and pathology reports for every patient and analyzed
the incidence of lesions with unclear margins and the
relationship between unclear margins and the following
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clinicopathological findings: age, sex, tumor location,
tumor color, macroscopic type, component of flat
area, tumor size, ulcer finding, component of poorly
differentiated adenocarcinoma in the mucosal surface,
and intestinal metaplasia around the lesion.

Endoscopic procedure

All patients drank a solution containing 40000 units
of pronase (Pronase MS®; Kaken Pharmaceutical
Products, Tokyo, Japan), 4 mL of 2% dimethicone
(Gascon®; Kissei Pharmaceutical Co., Tokyo, Japan)
and 2 g of NaHCO:s to dissolve mucus and bubbles
before examination. All procedures were done with
conventional endoscopes (GIF-Q240, Q260, H260;
Olympus Optical Co., Tokyo, Japan) and without
magnifying endoscopy, NBI, or AFIL. All endoscopic
images were recorded by using a digital filing system
(NEXUS; Fuji Film Medical Co., Tokyo, Japan). All
endoscopic images before and after indigo carmine dye
(0.2%) were reviewed in this study by using a digital
filing system by one individual (S.Y) who has 10 years
of experience as an endoscopist.

Definitions

Lesions with an unclear margin were defined as
lesions with an undelineated margin or an inaccurate
marking. An undelineated margin was determined by
reviewing the endoscopic images. The identification
by the endoscopist of a difference between the lesion
and surrounding mucosa in terms of colors, surface
morphology, and a height more than two-thirds the
size of the circumference was considered a delineated
margin (Figure 1). If it was not possible to make a
distinction, it was classified as an undelineated margin
lesion (Figure 2). We also evaluated the markings
made before resection to recognize the tumor margin.
We defined an accurate marking if all markings were
made outside of the tumor in the resected specimen
(Figure 3A). If not, we defined it as an inaccurate
marking (Figure 3B). The tumor color and location
were also determined endoscopically. The stomach is
anatomically divided into three parts: the upper third
(U), middle third (M), and lower third (L). The cross-
sectional circumference of the stomach is divided into
four equal parts; the lesser and greater curvatures, and
the anterior and posterior walls based on the Japanese
Classification of Gastric Carcinoma™. The main macros-
copic type of the tumor was classified based on the
Paris classification™, and the components of flat area
(0-IIb) of the tumor, tumor size, ulceration findings,
components of poorly differentiated adenocarcinoma in
the mucosal surface, and metaplasia around the tumor
were determined histopathologically.

Statistical analysis

Statistical analysis were made by using the Student’s ¢
test for evaluating the patients’ ages and the tumor
sizes, and by using the ;° test with Yate's correction and
the Fisher exact test for evaluating any other factors.
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Figure 2 An undelineated margin lesion. A: A case of an undelineating lesion (0-IIc) with ulceration findings; B: After indigo-carmine dye, the margin of the tumor

was still unclear.

A level of P < 0.05 was considered to be statistically
significant. After evaluating the factors that made the
determination of the margin difficult, we decided to use
logistic regression analysis for further analysis of those
factors.

RESULTS

Incidence of lesions with unclear margin

The characteristics of the 364 candidate lesions
reviewed during this period are described in Table 1.
There were 27 undelineated margin lesions and 337
delineated margin lesions. There were 62 lesions with
inaccurate markings and 302 lesions with accurate
markings (Table 1). Consequently, 14 lesions were
found to have overlapping results. Therefore, there
were 75 lesions with unclear margins (Figure 4). The
rate of those lesions in this group was 20.6% (75/364).

Factors that made determination of the margin difficult

Factors that had significant correlations with unclear
margins were tumor location (three parts), color,
components of the flat area (0-IIb), tumor size, ulcer-
ation, and components of poorly differentiated adeno-
carcinoma in the mucosal surface (Table 2). After
evaluating those 6 factors by multivariate regression
analysis, the factors that made the determination of the
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margin difficult were normal coloration (OR = 2.095;
95%CI: 1.040-4.217; P = 0.0383), components of
flat area (0-IIb) (OR = 4.900; 95%CI: 1.610-14.913;
P = 0.0051), the diameter = 21 mm (OR = 3.852;
95%CI: 2.165-6.852; P < 0.0001), ulceration findings
(OR = 2.307; 95%CI: 1.156-4.604; P = 0.0178),
and components of poorly differentiated adenocarci-
noma in the mucosal surface (OR = 6.650; 95%CI:
2.590-17.073; P < 0.0001) (Table 3).

DISCUSSION

After ESD was developed, early gastric cancer was often
resected endoscopically, especially in Japan. Previously
reported®® accuracy rates for the delineation of the
margin by using conventional endoscopy were almost
80% to 85%, although the criteria for the determination
of the margin were not commonly specified in those
reports. In this study, we defined the accuracy rate not
only by endoscopic images but also by pathological
study of the specimens, and the accuracy rate was
almost the same as that shown in previous reports.
Asada-Hirayama et al'”’ reported a similar study to ours,
and in their result, the accuracy rate for the delineation
of the margin was 92.6%, which was much higher
than that seen in previous reports, including our study.
However, they evaluated only markings on the resected
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A

ble 1 The characteristics of 364 lesions

Age (yr)

Median + SD 70+9

Range 30-92
Sex

Men (%) 293 (80.5)

Women (%) 71 (19.5)
Tumor location (three parts)

U (%) 74 (20.3)

M (%) 144 (39.6)

L (%) 146 (40.1)
Tumor location (cross-sectional parts)

Less (%) 140 (38.5)

Gre (%) 59 (16.2)

Ant (%) 64 (17.6)

Post (%) 101 (27.7)
Color

Reddish (%) 213 (58.5)

Discolored (%) 87 (23.9)

Normal color (%) 64 (17.6)
Margin of the lesion

Delineated 337 (92.6)

Undelineated 27 (7.4)
Main macroscopic type

0-I (%) 11 (3.0)

0-IIa (%) 154 (42.3)

0-IIb (%) 6 (1.6)

0-Ilc (%) 193 (53.0)
Components of flat area (0-IIb)

Presence (%) 17 (4.7)

Absense (%) 347 (95.3)
Tumor size (mm)

Median + SD 16 +13

Range 2-100
Ulceration finding

Presence (%) 62 (17.0)

Absense (%) 302 (83.0)
Components of poorly differentiated
adenocarcinoma in the mucosal surface

Presence (%) 26 (7.1)

Absense (%) 338 (92.9)
Metaplasia around the lesion

Presence (%) 337 (92.6)

Absense (%) 27 (7.4)
Marking

Right 302 (83.0)

Wrong 62 (17.0)

SD: Standard deviation; U: The upper third of the stomach; M: The middle
third of the stomach; L: The lower third of the stomach; Less: The lesser
curvature; Gre: The greater curvatures; Ant: The anterior wall; Post: The
posterior wall.
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Figure 3 Cases of accurate and inaccurate markings. A:
A case of accurate markings. The purple lines indicate the
tumor area. The red crosses indicate the marking; B: A case of
inaccurate markings. The purple lines indicate the tumor area.
The red crosses indicate the marking.

specimens and they used not only conventional
endoscopes, but also magnifying endoscopes with NBI.
Although there was no significant difference in the
accuracy between the 2 kinds of endoscopes in their
study, this factor might have influenced the margin
delineation rates.

Tanabe et al*® reported the factors that make the
delineation of the margin difficult as (1) large lesions
(> 31 mm); (2) flat lesions or those with a flat area;
(3) adenocarcinoma with low-grade atypia; (4) gastric
mucin phenotype (G-type) adenocarcinoma or gastric
predominant gastric and intestinal mucin phenotype
(G > I-type) adenocarcinoma; and (5) carcinoma cells
invading the middle to deeper portion of the mucosa
under normal covering epithelium. In our study, 2
factors, lesion size and flat area, were almost the
same as the factors that Tanabe et a/®! reported,
and Asada-Hirayama et al”? reported similar results.
To achieve a complete resection, we should observe
for those factors that demonstrate a more difficult
to differentiate margin, and if the lesion might have
such characteristics, we should examine the margin
more carefully to ensure an accurate determination.
Conventional endoscopy can demonstrate the tumor
size and ulceration findings, but sometimes it is
difficult to identify components of the flat area. To solve
this difficulty, IEE, such as a magnifying endoscope,
NBI®® FICE™, and an acetic acid-indigo carmine
mixture (AIM)™, might be useful. Yao et af® reported
magnifying endoscopy with NBI may allow reliable
delineation of the lateral extent of carcinomatous tissue,
and in this study, a demarcation line was identified in 97
of 100 carcinomas (97%). Additionally, Nagahama et
al”® reported that magnifying endoscopy with NBI could
determine margins in 72.6% of the lesions that show
unclear margin using conventional endoscopes. AIM
was developed by Kawahara et af''! and they reported
the diagnostic accuracy of AIM observation was 90.7%.
In contrast, the diagnostic accuracy of indigo carmine
observation was 75.9% in that study. AIM is also easy
to use without special equipment. Kadowaki et a/t*?
mentioned that magnifying endoscopy with NBI and
acetic acid is easier compared to other magnifying
endoscopy methods to recognize the demarcation of
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381 differentiated Figure 4 Flow chart of this study.
early gastric cancers

17 lesions were excluded ‘4;

364 differentiated
early gastric cancers

l | l

‘ Delineated margin 337 ‘ ‘ Undelineated margin 27
‘ Accurate marking 289 ‘ ‘ Inaccurate marking 48 ‘
‘ Clear margin 289 ‘ ‘ Unclear margin 75

Table 2 The comparison between "clear margin" and Table 3 The multivariate regression analysis of the factors

"unclear margin" that make the determination of the margin difficult

Clear margin  Unclear margin Factors OR 95%CI P value
by - oy Lcation in the U and M parts 1.769 0.940-3.331 NS

Age (yr) Norm-colored 2.095 1.040-4.217 0.0383
Median + SD 70+8 72+10 NS Components of flat area (0-IIb) 4.900 1.610-14.913 0.0051
Range 37-92 30-90 Tumor size = 21 mm 3.852 2.165-6.852  <0.0001

Sex Ulceration finding 2.307 1.156-4.604 0.0178
Men (%) 237 (82.0) 56 (74.7) NS Components of poorly 6.65 2.590-17.073 < 0.0001
Women (%) 52 (18.0) 19 (25.3) differentiated

Tumor location (three parts) adenocarcinoma in the mucosal
U (%) 54 (18.7) 20 (26.7) P=00128 S
M (%) 108 (37.4) 36 (48.0)

L (%) 127 (43.9) 19 (25.3) OR: Odds ratio; NS: Not significant; U: The upper third of the stomach; M:

Tumor location (cross-sectional parts) The middle third of the stomach.

Less (%) 113 (39.1) 27 (36.0) NS
Gre (%) 47 (16.3) 12 (16.0)
Ant (%) 51 (17.6) 13 (17.3) early gastric cancers for non-expert endoscopists as

CPI"St(%) 78 (27.0) 23(30.7) well as expert endoscopists. Utilizing these advanced
olor . . . . .

Reddish (%) 165 (57.1) 48 (64.0) B = 0 imaging tech_nlques may make it easier and_ clearer for
Discolored (%) 79 (27.3) 8(107) all endoscopists to recognize the demarcation of early
Norm-colored (%) 45 (15.6) 19 (25.3) gastric cancers.

Main macroscopic type Our study had a few limitations. First, we did not
gili/()/ | 1;8 Eifg 3}1 5153;) NS compare endoscopic figures with resected specimens in
0-1Ib (%) 3(1.0) 3 (4.0) detail, so there was no evidence that the determination
0-Tlc (%) 156 (54.0) 37 (49.3) of the margin was completely correct. However, in our

Components of flat area (0-1Ib) study, to evaluate the accuracy as precisely as possible,
Presence (%) 7 (24) 10(133)  P=00002 we strictly determined the criteria of “undelineated
Absense (%) 282 (97.6) 65 (86.7) . . yoo. ..

Tssuecbas ) margin IeS|onsf using not only endos_copm images but
Median + SD 15+11 25+17 P <0.0001 also pathological study of the specimens as well as
Range 268 3-100 was done in the study of Nagahama et a/*®’. Second,

Blseim i our study was a retrospective study, and therefore, the
Presence (%) 43 (14.9) 19 (25.3) P=0.0319 individual h of d th d . ti
Absense (%) 246 (85.1) 56 (74.7) individuals who performe e en .OSCOpIC resection

Components of poorly differentiated adenocarcinoma in the mucosal and those who re-evaluated the lesions were not the

surface same in almost all cases, and the margins that the
ersence (;/°) 2;; (2-68)2 2(5) (zg-g) PO 2 endoscopists considered were not same. To solve

v sense () . ©62) (80.0) these 2 limitations, future studies could prospectively
etaplasia around the lesion ) h
Presence (%) 266 (92.0) 71 (94.7) NS demarcate the tumor margin to be able to compare it
Absense (%) 23 (8.0) 4(5.3) with the endoscopically resected specimens, and the

same endoscopists should evaluate the accuracy of the
SD: Standard deviation; U: The upper third of the stomach; M: The middle

third of the stomach; L: The lower third of the stomach; Less: The lesser determmatlon'_ . o . .
curvature; Gre: The greater curvatures; Ant: The anterior wall; Post: The In conclu5|on, apprOX|mater 20% of differenti-

posterior wall; NS: Not significant. ated early gastric cancers showed an unclear margin.
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Factors such as normal color, components of flat area
(0-IIb), diameter = 21 mm, ulceration findings, and
components of poorly differentiated adenocarcinoma
in the mucosal surface can make the determination
of the margin difficult. During endoscopic resection,
endoscopists should carefully evaluate the margin of
the lesion while considering the risk factors for unclear
margins.

COMMENTS

Background

When endoscopic resection of early gastric cancers is performed, it is important
to accurately determine the margin of the lesion. A vague determination of the
margin may result in residual cancer cells, which may cause recurrences and
require additional resections.

Research frontiers

Recently, imaged enhanced endoscopy (IEE) procedures, such as narrow band
imaging (NBI), auto fluorescence imaging (AFI), or flexible spectral imaging color
enhancement (FICE) have been developed. Especially, magnifying endoscopy
with NBI may allow reliable delineation of the lateral extent of carcinomatous
tissue, and it could determine margins in the lesions that show unclear margin
using conventional endoscopes. However, these methods have not been adopted
everywhere.

Innovations and breakthroughs

In this study, the authors evaluated the determination of the margin of differ-
entiated-type early gastric cancers by using conventional endoscopy. In order
to evaluate the accuracy as precisely as possible, the authors more strictly
determined the criteria of “undelineated margin lesions” using not only endoscopic
images but also pathological study of the specimens than similar studies.

Applications

The result of this study is an important benchmark to evaluate the new moda-
lities describe above. And when these new modalities are not available, the
authors should carefully evaluate the margin of the lesion while considering the
risk factors for unclear margins.

Terminology

Endoscopic submucosal dissection is a newly developed technique in the field of
endoscopic treatment for gastrointestinal neoplasms because of its high rate of
en bloc resection. |EE is a dye-based or an equipment-based image enhanced
technology to increase the contrast of structures, thus making the mucosal
topography, morphology and borders of lesions viewable in finer detail. NBI is
one of the equipment-based image enhancement technologies, which improves
the contrast of the microvascular structure and fine mucosal patterns in the
mucosal surface layer using the narrow-band illumination focused two beams
of 415 nm and 540 nm. AFl is one of the equipment-based image enhancement
technologies based on the detection of natural tissue fluorescence emitted by
endogenous molecules such as collagen, flavins, and porphyrins. FICE is one of
the equipment-based image enhancement technologies, which enhance images
by extracting spectral images at the desired wavelengths by applying signal
processing to the white light generally used by endoscope. An acetic acid-indigo
carmine mixture is one of the dye-based image enhancement technologies using
both acetic acid for color contrast and indigo carmine for shape contrast.
Peer-review

It is a retrospective study and evaluation of various endoscopic criteria for unclear
margins in early gastric cancer may not be perfect. Still this study provides useful
guide for future prospective studies to define unclear margins in early gastric cancers.
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