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Background: Laterally spreading tumours (LSTs) in the colorectum are usually removed by endoscopic
mucosal resection (EMR) even when large in size. LSTs with deeper submucosal (sm) invasion, however,
should not be treated by EMR because of the higher risk of lymph node metastasis.
Aims: To determine which endoscopic criteria, including high magnification pit pattern analysis, are
associated with sm invasion in LSTs and clarify indications for EMR.
Methods: Eight endoscopic criteria from 511 colorectal LSTs (granular type (LST-G type); non-granular
type (LST-NG type)) were evaluated retrospectively for association with sm invasion, and compared with
histopathological findings.
Results: LST-NG type had a significantly higher frequency of sm invasion than LST-G type (14% v 7%;
p,0.01). Presence of a large nodule in LST-G type was associated with higher sm invasion while pit
pattern (invasive pattern), sclerous wall change, and larger tumour size were significantly associated with
higher sm invasion in LST-NG type. In 19 LST-G type with sm invasion, sm penetration determined
histopathologically occurred under the largest nodules (84%; 16/19) and depressed areas (16%; 3/19).
Deepest sm penetration in 32 LST-NG type was either under depressed areas (72%; 23/32) or lymph
follicular or multifocal sm invasion (28%; 1/32 and 8/32, respectively).
Conclusions: When considering the most suitable therapeutic strategy for LST-G type, we recommend
endoscopic piecemeal resection with the area including the large nodule resected first. In contrast, LST-NG
type should be removed en bloc because of the higher potential for malignancy and greater difficulty in
diagnosing sm depth and extent of invasion compared with LST-G type.

T
he incidence of superficial colorectal tumours has been
increasing recently. Among them, laterally spreading
tumours (LSTs) typically extend laterally and circumfer-

entially rather than vertically along the colonic wall1 and the
frequency of invasive carcinoma is lower than for polypoid
lesions of similar size. LSTs are usually removed therefore by
endoscopic mucosal resection (EMR) but larger such
tumours may require piecemeal resection.2–6 LSTs with deeper
submucosal (sm) invasion, however, should not be treated by
EMR due to the higher risk of lymph node metastasis. As a
result, it is clinically important to accurately diagnose sm
invasion before treatment.

We have previously reported that granular type LSTs (LST-
G type) with large nodules or depressions tend to invade the
sm.2 Recently, pit pattern analysis using magnification
colonoscopy has also been reported to be useful in the
diagnosis of invasive depth in early colorectal cancers.7–11 In
addition, Kudo reported that there is another LST subtype
with no granular pattern on the surface, referred to as non-
granular type (LST-NG type),1 and clinicopathological differ-
ences between LST-G type and LST-NG type have been
reported.3 5 12 13

The aim of this study was to analyse endoscopic criteria
including pit pattern analysis conducted using high magni-
fication endoscopy from a large number of colorectal LSTs to
determine the indications for EMR.

MATERIALS AND METHODS
A total of 511 colorectal LSTs in 475 patients were resected
endoscopically or surgically at the National Cancer Centre
Hospital in Tokyo between January 1999 and December 2003.

In this study, LSTs were defined as lesions >10 mm in
diameter with a low vertical axis extending laterally along the
interior luminal wall. These lesions then were subdivided into
two subtypes based on endoscopic macroscopic findings:
LST-G type with even or uneven nodules on the surface and
LST-NG type with a smooth surface (fig 1A, B). Patients
excluded from the study were those who had advanced
colorectal cancer, familial adenomatous polyposis, or inflam-
matory bowel syndrome.

When a lesion was detected by conventional endoscopic
examination, surface mucous was washed away with lukewarm
water containing pronase (Pronase MS; Kaken Pharmaceutical
Co., Ltd, Tokyo, Japan) and then 0.4% indigo carmine dye was
sprayed over the lesion in order to enhance its surface detail.

High magnification colonoscopy (CF-240ZI, PCF-240ZI,
and CF-200Z; Olympus Optical Co., Ltd, Tokyo, Japan) was
also used in this study. When high magnification observation
with indigo carmine dye was not enough to determine the
surface structure (pit pattern analysis), staining with 0.05%
crystal violet was performed.6

Eight endoscopic criteria were investigated retrospectively
for their possible association with sm invasion and each
finding was then divided into two groups as follows:

(1) Tumour size: >20 mm or ,20 mm; size was estimated
for en bloc resected specimens by histopathological

Abbreviations: LST, laterally spreading tumour; LST-G type, LST
granular type; LST-NG type, LST-non granular type; sm, submucosal;
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal
dissection; EUS, endoscopic ultrasonography
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A B Figure 1 Laterally spreading tumour
(LST) characteristics: (A) LST granular
type. (B) LST non-granular type.

A B C

D E

F

Demarcated area Irregular pits

Figure 2 Endoscopic characteristics. (A) Large nodule (>10 mm). (B) Demarcated depressed area. (C) Sclerous wall change. (D) Fold convergency.
(E) Chicken skin mucosa. (F) Pit pattern (invasive pattern).
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examination and for piecemeal resected specimens by
reviewing endoscopic photographs.

(2) Surface redness: prominent or not prominent.

(3) Large nodule (>10 mm): with or without such a nodule
(fig 2A).

(4) Demarcated depressed area: with or without such a
demarcation (fig 2B).

(5) Sclerous wall change: with or without such a change
(fig 2C).

(6) Fold convergency: with or without such a fold con-
vergency towards the tumour (fig 2D).

(7) Chicken skin mucosa: presence or absence of a chicken
skin appearance around the tumour14 15 (fig 2E).

(8) Pit pattern: ‘‘invasive pattern’’ or ‘‘non-invasive pattern’’;
‘‘invasive pattern’’ is characterised by irregular and
distorted epithelial crests observed in a demarcated area
suggesting that sm invasion is more than 1000 mm, while
‘‘non-invasive pattern’’ does not have these two findings,
suggesting intramucosal neoplasia or sm invasion less
than 1000 mm7–9 16 (fig 2F).

All endoscopic criteria were determined retrospectively by
two highly experienced endoscopists (TU, YS), each of whom
had previously performed over 1000 colonoscopies per year
for more than five years. When there were any differences
between their respective diagnoses, the two endoscopists
discussed their findings and arrived at a single appropriate
diagnosis.

In addition, the relationships between the various endo-
scopic criteria and the extent of sm invasion were analysed
histopathologically in those LSTs with sm invasion.

Histopathology
Resected specimens were fixed in a 10% buffered formalin
solution. Paraffin embedded samples were then sliced into
3 mm sections and stained with haematoxylin-eosin.
Histopathological diagnosis was based on the Vienna
classification.17

Statistical analysis
Endoscopic criteria were subjected to univariate and multi-
variate analysis. Data are presented as mean (SD). Data
obtained were evaluated with the x2 and t tests using the SAS
Statistical Package (SAS Institute, Tokyo, Japan).
Significance level was set at 5% for each analysis. A p value
,0.05 was considered significant.

RESULTS
Table 1 shows the clinicopathological characteristics of the
LSTs. Although the mean size of LST-NG type (15.9
(7.0) mm) was smaller than that of LST-G type (23.0
(12.6) mm), the LST-NG type had a significantly higher
frequency of sm invasion (14% (32/224) v 7% (19/287),
respectively; p,0.01). LST-G type was more commonly
diagnosed in the right colon and rectum (85% (245/287);
53% (153/287); and 32% (92/287), respectively). In contrast,
LST-NG type was more frequently diagnosed in the right
colon (61% (136/224); p,0.001).

In the LST-G type, the presence of a large nodule
(>10 mm), demarcated depressed area, invasive pattern,
prominent redness, larger tumour size (>20 mm), or sclerous

Table 1 Clinicopathological characteristics of laterally
spreading tumours of the granular (LST-G) and non-
granular (LST-NG) types

LST-G type LST-NG type

No of LSTs 287 224
No of patients 275 195
Tumour size (mm) (mean (SD)) 23.0 (12.6) 15.9 (7.0)
Histological diagnosis

Adenoma or m-Ca 268 (93%) 192 (86%)
sm-Ca 19 (7%) 32 (14%)

Distribution
Right colon 153 (53%) 136 (61%)
Left colon 42 (15%) 59 (26%)
Rectum 92 (32%) 29 (13%)

m-Ca, intramucosal adenocarcinoma.
sm-Ca, submucosal adenocarcinoma.

Table 2 Endoscopic criteria for submucosal invasion in 287 laterally spreading tumours,
granular type

sm-Ca/n

Univariate analysis Multivariate analysis

p Value Odds ratio p Value

Large nodule
>10 mm 14/47 ,0.001 71.01 ,0.001
,10 mm 5/240

Redness
Present 6/17 ,0.001 1.04 NS
Absent 13/270

Depressed area
Present 6/6 ,0.001 28.66 NS
Absent 13/281

Pit pattern
Present 7/7 ,0.001 .100 NS
Absent 12/280

Tumour size
>20 mm 16/173 0.030 0.95 NS
,20 mm 3/114

Sclerous wall change
Present 2/2 0.004 2.48 NS
Absent 17/285

Fold convergency
Present 1/1 0.066 – –
Absent 18/286

Chicken skin mucosa
Present 1/6 0.340 – –
Absent 18/281

sm-Ca, submucosal adenocarcinoma.
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wall change was significantly associated with an increased
risk of sm invasion according to univariate analysis. Based on
multivariate analysis, the only independent risk criterion for
sm invasion was the existence of a large nodule (>10 mm)
(p,0.001; odds ratio 71.01) (table 2).

In comparison, the presence in LST-NG type of a sclerous
wall change, invasive pattern, larger tumour size (>20 mm),
large nodule (>10 mm), demarcated depressed area, promi-
nent redness, or fold convergency was significantly asso-
ciated with an increased risk of sm invasion according to
univariate analysis. Based on multivariate analysis, indepen-
dent risk criteria for sm invasion were the existence of a
sclerous wall change, invasive pattern, or larger tumour size
(>20 mm) (p = 0.009, 0.020, and 0.001, respectively; odds
ratios 34.90, 16.46, and 8.98, respectively) (table 3).

For LSTs with sm invasion, the presence of a large nodule
(>10 mm) in LST-G type had a higher accuracy and
specificity than any other endoscopic criteria (table 4). A
large nodule (>10 mm) had a higher accuracy of sm invasion
in LST-G type than sclerous wall change, invasive pattern,
larger size, or any combination of these three risk criteria in
LST-NG type (p,0.01; 87% v 77%).

In determining the extent of penetration histopathologi-
cally in the 19 LST-G type with sm invasion, the deepest
penetration occurred under the largest nodule 84% of the
time (16/19) and under the depressed area in the other three
(16%; 3/19). In contrast, the deepest penetration in the 32
LST-NG type with sm invasion occurred under the depressed
area (72%; 23/32) or consisted of lymph follicular or

multifocal sm invasion (28%; 9/32; 1/32, and 8/32, respec-
tively) (fig 3).

DISCUSSION
In this large study, we established that LST-NG type has a
higher potential for malignancy than LST-G type. Based on
this result and previous reports that LST-G type and LST-NG
type differ in their genetic alterations,12 13 we suggest that
different therapeutic strategies are required for treating LSTs
according to their specific macroscopic type (fig 4).

Table 3 Endoscopic criteria for submucosal invasion in 224 laterally spreading tumours,
non-granular type

sm-Ca./n

Univariate analysis Multivariate analysis

p Value Odds ratio p Value

Sclerous wall change
Present 13/14 ,0.001 34.90 0.009
Absent 19/210

Pit pattern
Present 17/19 ,0.001 16.46 0.020
Absent 15/205

Tumour size
>20 mm 23/67 ,0.001 8.98 0.001
,20 mm 9/157

Depressed area
Present 9/12 ,0.001 9.70 NS
Absent 23/212

Redness
Present 8/8 ,0.001 .100 NS
Absent 24/216

Large nodule
>10 mm 2/2 0.020 .100 NS
,10 mm 30/222

Fold convergency
Present 3/7 0.062 – –
Absent 29/217

Chicken skin mucosa
Present 7/28 0.087 – –
Absent 25/196

sm-Ca, submucosal adenocarcinoma.

Table 4 Accuracy rates of endoscopic criteria for submucosal invasion according to
macroscopic type

Accuracy Sensitivity Specificity PPV

Large nodule (LST-G type) 87% (249/287) 74% (14/19) 88% (235/268) 30% (14/47)
Pit pattern or tumour size or sclerous

wall change (LST-NG type) 77% (174/224) 88% (28/32) 76% (146/192) 38% (28/74)

LST-G type, laterally spreading tumour granular type; LST-NG type, laterally spreading tumour non-granular type;
PPV, positive predictive value.

Figure 3 Histopathological analysis of submucosal penetration. LST-G
type, laterally spreading tumour granular type; LST-NG type, laterally
spreading tumour non-granular type; sm-Ca, submucosal
adenocarcinoma.
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Pit pattern analysis using high magnification colonoscopy
has been reported to be useful in the differential diagnosis of
intramucosal and sm invasive cancers7–11 and in differentiat-
ing non-neoplastic and neoplastic lesions.18–20 Analysis of pit
patterns also played an important part in this study.

Endoscopic ultrasonography (EUS) was not used to
determine the depth of cancer invasion in this study because
we previously reported that high magnification colonoscopy
is superior to EUS for determination of invasion depth in
early colorectal cancers.16

We investigated endoscopic criteria, including high mag-
nification diagnoses of pit patterns, in order to predict sm
invasion before treatment in a large number of two subtypes
of LSTs, LST-G type and LST-G type, and found that there
were differences in the endoscopic criteria for predicting sm
invasion between these two LST subtypes. Multivariate
analysis showed that an endoscopic criterion of a large
nodule (>10 mm) in LST-G type and the existence of a
sclerous wall change, invasive pattern, or a larger tumour size
(>20 mm) in LST-NG type were independent risk criteria for
sm invasion.

In this study, pit pattern high magnification diagnosis
proved to be useful for predicting sm invasion in LSTs,
particularly LST-NG type, although it was not as helpful with
LST-G type. The existence of a large nodule in LST-G type was
the most reliable risk criterion for determining sm invasion.
Lack of pit pattern abnormalities in LST-G type patients may
be due to the fact that some LST-G type with large nodules
invade deeply into the sm layer without destructive surface
changes compared with LST-NG type lesions.21

In considering therapeutic strategies, EMR should be the
firstline treatment for most LSTs because of lower invasive
carcinoma frequency compared with polypoid lesions of
similar size. Lymph node metastasis is more frequently
present in deeper sm invasive cancer.22–24 As a result, we
should avoid EMR for deeper sm invasive cancer because
histological assessment is difficult, incomplete EMR is
thought to cause accelerated growth of any residual cancer,
and is also considered to be a positive risk factor for distant
metastasis.25 26 Recognising the importance of the reported
endoscopic criteria for predicting sm invasion therefore is
essential for determining the correct treatment choice in any
given case.

The presence of deeper sm invasion in LST-G type was
relatively low (6.6%; 19/287) with the vast majority (84%) of
carcinoma invasions of the sm layer in LST-G type occurring
under the largest nodule,2 as revealed by histopathological
examinations. Based on this, we recommend that the area
including a large nodule in LST-G type should be resected
first endoscopically followed by the remaining tumour
(fig 4A).

In contrast, nearly 30% of LST-NG type revealed lymph
follicular or multifocal sm invasion, both of which were
difficult to diagnose by the indicated endoscopic criteria prior
to treatment. Such tumours therefore should be removed en
bloc to ensure an accurate histopathological diagnosis
(fig 4B). As LST-NG type >20 mm are technically more
difficult to remove en bloc by conventional EMR techni-
ques2 3 27 and LST-NG type have a higher malignancy
potential than LST-G type, we believe that endoscopic
submucosal dissection (ESD)28–31 or laparoscopy assisted
colectomy should be the techniques of choice for en bloc
resection of LST-NG type >20 mm.

Although en bloc resection allows for accurate histological
assessment, no residual tumour, and lower local recurrence,
colorectal ESD is not widespread, even among Japanese
colonoscopists because of its technical difficulty, longer
procedure time, and increased risk of perforation compared
with conventional EMR. Sano et al reported that the
incidence of perforation in ESDs using an insulation tipped
electrosurgical knife (IT knife) was considerably higher,
occurring in 14.3% (2/14) of such cases.30

In order to reduce these negative factors, further refine-
ments in devices such as the IT knife, improved submucosal
injection solutions,29 and better traction systems29 31 will be
necessary. While still in the developmental stages at the
present time, it may be possible for colorectal ESD to become
the standard procedure for all LSTs, regardless of their
macroscopic type, as improvements facilitating easier, faster,
and safer procedures are made in the future.

CONCLUSION
LST-G type and LST-NG type lesions differ both in terms of
their frequency of sm invasion and their respective endo-
scopic criteria for predicting such sm invasion. In determin-
ing the appropriate therapeutic strategy therefore it is
necessary to consider the most suitable treatment based on
the specific macroscopic type of LST.
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