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Summary

This study aims to assess the prevalence and clinicopatho-
logic features of colorectal laterally spreading tumors (LSTs). 
Methods. Among 2067 superficial neoplastic lesions diag-
nosed in 1135 consecutive patients, we evaluated 91 pa-
tients with 96 LSTs classified as granular (homogeneous and 
nodular mixed) and non-granular (flat elevated and pseu-
dodepressed) types. Lesions were evaluated according to their 
clinicopathologic features. LSTs ≤ 20 mm were resected en 
bloc and LSTs > 20 mm by piecemeal resection. Recurrence 
was analyzed. Results. Overall prevalence of LSTs was 2.5% 
among all colonoscopies, accounting for 4.6% of superficial 
neoplastic lesions. Of 96 LSTs, 68 (70.8%) were granular 
(42 homogeneous and 26 nodular mixed). Among non-
granular LSTs, 21 were flat elevated and 7 were pseudode-
pressed. Granular LSTs of the nodular mixed subtype were 
significantly larger than those of the homogeneous subtype (p 
< 0.01), with no difference in size between non-granular 
subtypes. Twenty-three (24%) LSTs had advanced histology. 
Logistic regression analysis showed that lesion size > 20 mm 
(OR: 12.2; IC 95%: 3.8-39.2) and pseudo-depressed (OR: 
8.0; IC 95%: 1.2-55.3) and especially nodular mixed (OR: 
23.3; IC 95%: 4.6-117.4) subtypes were risk factors for ad-
vanced histology. All patients underwent endoscopic mucosal 
resection, which was complemented with surgical interven-

tion in one case. Recurrence occurred in 6.4% (5/78) of cases 
and was associated with lesions > 20 mm removed by piece-
meal resection (p = 0.003) and with advanced histology (p 
= 0.009). Conclusions. LST accounted for 4.6% of superfi-
cial neoplastic lesions and 10% of non-polypoid neoplasms. 
Those lesions > 20 mm pseudo-depressed and nodular mixed 
subtypes were considered risk factors for advanced histology. 
Endoscopic mucosal resection, even using the piecemeal tech-
nique, is still a fair option for the treatment of LSTs.  

Key words. Colorectal laterally spreading tumors, piecemeal 
technique, LST.  

Prevalencia y características clínico-
patológicas de tumores colorrectales  de 
crecimiento lateral en Brasil Latina 
Resumen 

Este estudio tiene como objetivo evaluar la prevalencia y las 
características clínico-patológicas de los tumores colorrec-
tales de crecimiento lateral (LST). Material y métodos. De las 
2067 lesiones neoplásicas superficiales diagnosticadas en 1135 
pacientes consecutivos, nosotros evaluamos 91 pacientes con 
96 LST clasificados como granulares (homogénea y nodular 
mixta) y no granulares (elevados y pseudo depresiones planas). 
Las lesiones fueron evaluadas de acuerdo a sus características 
clínico-patológicas. LST ≤ 20 mm fueron resecadas en blo-
que y LST > 20 mm mediante resección fragmentaria. La 
recurrencia fue analizada. Resultados. La prevalencia global 
de LST fue 2,5% entre todas las colonoscopias, que represen-
tan el 4,6% de las lesiones neoplásicas superficiales. De los 96 
LSTs, 68 (70,8%) eran de tipo granular (42 homogénea y 26 
nodular mixto). Entre LST de tipo no granulares, 21 se man-
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tuvieron elevados y 7 fueron pseudo-depresión plana. LSTs 
granular del subtipo nodular mixto fueron significativamente 
mayores que los del subtipo homogéneo (p < 0,01), sin dife-
rencia en el tamaño entre los subtipos no granulares. Veinte 
y tres (24%) LSTs tenían histología avanzada. El análisis de 
regresión logística mostró que la lesión con tamaño > 20 mm 
(OR: 12,2; IC 95%: 3,8-39,2), con pseudo-depresión (OR: 
8,0; IC 95%: 1,2-55,3) y los subtipos especialmente nodular 
mixtos (OR: 23,3; IC 95%: 4,6-117,4)  fueron  factores de 
riesgo para histología avanzada. Todos los pacientes fueron 
sometidos a resección endoscópica de la mucosa, que se com-
pletó con una intervención quirúrgica en un caso. La recur-
rencia se produjo en el 6,4% (5/78) de los casos y se asoció 
con lesiones > 20 mm removidas por resección fragmentaria 
(p = 0,003) y con histología avanzada (p = 0,009). Con-
clusiones. LST representó el 4,6% de las lesiones neoplásicas 
superficiales y el 10% de las neoplasias no polipoides, aquel-
las lesiones > 20 mm subtipos pseudo-depresiones y nodulares 
mixtos fueron considerados factores de riesgo para la histología 
avanzada. La resección endoscópica de la mucosa utilizando 
la técnica piecemeal es una opción adecuada para el trata-
miento de LST.  

Palabras claves. Tumores colorrectales, crecimiento lateral, 
LST, piecemeal technique. 

Colorectal cancer is currently one of the fastest grow-
ing malignant diseases in both Western and Eastern 
countries. Endoscopic resection of premalignant lesions 
significantly reduces the incidence of colorectal cancer.1

Three pathways have been recognized as having a role 
in the evolution of colorectal cancer: the adenoma-car-
cinoma sequence,2 the theory of de novo cancer,3, 4 and 
the serrated pathway,5, 6 the latter with an important par-
ticipation of sessile serrated adenoma, which tends to be 
larger and have a flat morphology, preferably located in 
the right colon and coated with mucin.7

Laterally spreading tumors (LSTs) are non-polypoid 
lesions, generally defined as flat lesions ≥ 10 mm in diam-
eter, which are characterized by a lateral and circumferen-
tial growth in the colonic wall, with deep invasion of the 
submucosa occurring only at later stages. LSTs are clas-
sified as granular (LST-G) and non-granular (LST-NG) 
types, according to the presence or absence of a granular 
surface pattern. Kudo et al8 proposed a sub-classification 
of LSTs, in which LST-Gs are classified as homogeneous 
and nodular mixed subtypes, and LST-NGs are classi-
fied as flat elevated and pseudodepressed subtypes. The 
nodular mixed-subtype LST-G and the pseudodepressed-
subtype LST-NG have a higher potential for malignan-

cy.9 The rate of invasive carcinoma in LSTs is low, and 
most cases are considered adenomatous lesions, where the 
homogeneous subtype tends to be a tubular adenoma, 
and the nodular mixed subtype tends to have villous fea-
tures.10

In most cases, the treatment of choice is endoscopic 
resection, while surgical resection is indicated for lesions 
with massive submucosal invasion. Studies  have shown 
that pit and capillary pattern analysis using image mag-
nification is useful in differentiating between neoplastic 
and non-neoplastic lesions and in diagnosing early inva-
sive colorectal cancer, factors that can help determine the 
therapeutic approach.11-16

The present study aimed to assess the prevalence and 
clinicopathologic features of LSTs. 

Material and methods
This was a prospective, cross-sectional, observational 

study of 2841 superficial colorectal lesions diagnosed in 
1675 patients (31.3%) among 3623 consecutive colonos-
copies, in which magnification and real or virtual chro-
moscopy was always available, performed from January 
2007 to December 2011 in the Department of Endosco-
py at Hospital Santa Casa de Caridade de Bagé, Southern 
Brazil. Of the total sample, 2067 (72.8%) were super-
ficial neoplastic lesions, detected in 1135 patients, and 
961 (53.5%) were non-polypoid lesions, detected in 542 
patients. Ninety-six LSTs were detected in 91 patients, 
and the following clinicopathologic variables were ana-
lyzed: patient sex and age, endoscopic findings (morpho-
logical type and subtypes, size, site, and pit and capillary 
patterns), histology (adenoma with grade of dysplasia, or 
early cancer), and recurrence. Lesions were termed super-
ficial when their endoscopic appearance suggested that 
depth was limited to the mucosa or submucosa. Exclu-
sion criteria were inadequate bowel preparation, incom-
plete colonoscopy, coagulopathy, presence of inflamma-
tory bowel disease, polyposis syndrome, advanced cancer, 
and previous colorectal resection. 

All colonoscopies were performed by a single endos-
copist (CEOS) who had great experience in colonoscopy 
and routinely uses magnification and chromoendoscopy.

The study was approved by the Research Ethics Com-
mittee of Hospital Santa Casa de Caridade de Bagé and 
conducted in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all patients in-
cluded in the study, and patient anonymity was preserved.

All patients were examined with a Fujinon 490ZW5 
or 590ZW5 high-resolution magnifying video colono-
scope (Fujifilm Corp, Saitama, Japan) equipped with an 
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EPX 4400 processor. We routinely used magnification and 
real-time or digital chromoendoscopy in order to delineate 
lesions, determine their morphology, analyze their pit and 
capillary patterns, and thus make a differential diagnosis 
between neoplastic and non-neoplastic lesions in order to 
choose the most appropriate approach for patients. The 
Kudo classification17, 18 was used as a reference for pit pat-
tern analysis and the Teixeira classification19 for capillary 
pattern analysis. In both classifications, types III, IV, and 
V suggested neoplastic lesions. Chromoendoscopy with in-
digo carmine was used in pseudodepressed-subtype lesions.

Bowel preparation consisted of one-day clear liquid 
diet and 10% mannitol solution administered on the day 
of examination, and was considered appropriate in all 
patients included in the study. Conscious sedation was 
achieved with administration of midazolam and meperi-
dine or fentanyl before examination. 

Lesion characteristics

Lesion morphology was determined using the Paris 
classification.20 LSTs were defined as flat lesions ≥ 10 mm 
in diameter and characterized by more horizontal than 
vertical growth, with absent or shallow invasion of the 
submucosa. LSTs were classified as granular (LST-G) 
and non-granular (LST-NG) types, and each type was 
divided into two subtypes.8 LST-G was divided into ho-
mogeneous (LST-G-H) and nodular mixed (LST-G-N) 
subtypes, and LST-NG into flat elevated (LST-NG-FE) 
and pseudodepressed (LST-NG-PD) subtypes (Figures 
1-4). In LST-G, the homogeneous subtype appears en-
doscopically as a type 0-IIa, whereas the nodular mixed 
subtype appears as a mixture of types 0-IIa and 0-Is. In 
LST-NG, the flat elevated subtype has a smooth surface 

Figure 1. LST granular homogeneous.

Figure 2. LST granular nodular mixed.

Figure 3. LST non-granular flat elevated.

Figure 4. LST non-granular pseudodepressed. 
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and the pseudodepressed subtype appears as a mixture of 
types 0-IIc and 0-IIa, with a smooth surface as well.

LSTs are considered non-polypoid lesions because LST-
G-H, LST-NG-FE, and LST-NG-PD subtypes do not ex-
ceed 2.5 mm in height, as estimated by comparison with 
the height of the closed cups of a biopsy forceps placed at 
the margin of the lesion. The LST-G-N subtype, however, 
exceeds 2.5 mm in height. In this case, the LST is considered 
a non-polypoid lesion because its maximum height does not 
exceed one-third of its horizontal width (height-to-width ra-
tio < 1:3). Lesion size was estimated by comparing it with a 
fully opened biopsy forceps and confirmed after resection.

Lesions were divided into sessile serrated adenomas, 
adenomas with low-grade dysplasia, and neoplasms with 
advanced histology. Advanced histology was defined as 
lesions with high-grade dysplasia or early cancer. 

All specimens were analyzed by a single pathologist 
who was blinded to the endoscopic findings. Lesions ≤ 
20 mm were resected en bloc, whereas lesions > 20 mm 
were removed by piecemeal endoscopic mucosal  resec-
tion (EMR) in a single session.

For histological analysis, specimens were mounted on 
Styrofoam plates and then fixed in 10% formalin. Resec-
tion was considered complete if vertical and lateral mar-
gins were free of tumor, and incomplete when there was 
evidence of malignancy in the lateral or deep margins. 
The right colon included the transverse colon, ascending 
colon, and cecum, whereas the left colon included the 
rectum, sigmoid colon, and descending colon.

Recurrence (or residual neoplasm) was defined as the 
presence of neoplastic tissue in the area of previous resec-
tion, as diagnosed by follow-up colonoscopy. Patients un-
derwent follow-up colonoscopy at 6, 12, and 18 months. 
Recurrent/residual mucosal lesions were treated with a sec-
ond EMR and identified by the scar, whereas lesions with 
massive submucosal invasion were referred for surgery. 

Statistical analysis

Data were entered into an Excel spreadsheet and subse-
quently exported to Stata, version 11.2, for analysis. Descrip-
tive analysis consisted of calculating absolute and relative fre-
quencies (for categorical variables) and means and standard 
deviations (for numerical variables). Bivariate analysis was 
performed using Fisher’s exact test for categorical variables 
and analysis of variance (ANOVA) for numerical variables. 
A simple logistic regression model was then generated to 
analyze characteristics associated with the diagnosis of ad-
vanced histology, and odds ratios (OR) are shown with their 
respective 95% confidence intervals (95% CI). The level of 
significance was set at 5% for two-tailed tests.

Results
The overall prevalence of LSTs was 2.5% among all colonos-

copies, 8% of patients with premalignant colorectal lesions, and 
16.8% of patients with non-polypoid lesions. LSTs accounted 
for 4.6% of superficial neoplastic lesions and 10% of non-polyp-
oid neoplasms. Of 91 patients with 96 LSTs, 63 (69.2%) were 
women. Eighty-three (91.2%) patients were ≥ 50 years of age, 
and mean patient age was 67 ± 13 years. Eighteen (18.8%) LSTs 
were > 20 mm, and mean lesion size was 16.9 ± 8.1 mm. The 
characteristics of patients and LSTs are shown in Table 1. 

Table 1. Clinicopathologic features of laterally spreading tumors (LSTs).

Variable n (%)

Patients 91

LSTs 96

Age, years, median  (range) 67 ± 13

Sex nF/M, (%) 63:28 (2.25:1)

Morphological type

Granular 68 (70.8)

Homogenous 42

Nodular mixed 26

Non-granular 28 (29.2)

Flat elevated 21

Pseudodepressed 7

Lesion site

Right colon 73 (76.0)

Cecum 28 (29.2)

Ascending colon 38 (39.6)

Transverse colon 7 (7.3)

Left colon 23 (24.0)

Descending colon 6 (6.2)

Sigmoid colon 5 (5.2)

Rectum 12 (12.5)

Lesion size mm mean ± SD 16 ± 8.1

Histology

Sessile serrated adenoma 6 (6.2)

Adenoma with low-grade dysplasia 67 (69.8)

Neoplasm with advanced histology* 23 (24.0)

Initial treatment

Endoscopic mucosal resection 96 (100.0)

En bloc 78 (81.2)

Piecemeal 18 (18.8)

Surgery 1 (1.0)

Follow-up

Recurrence 78 (81.3)

≤ 20 mm 1 (1.6)

> 20 mm 4 (28.6)

* Adenoma with high-grade dysplasia, intramucosal cancer, or invasive cancer.
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LST-G accounted for 70,8% of lesions (n = 68, 42 
LST-G-H and 28 LST-G-N), which were of similar size to 
LST-NG (n = 28; 21 LST-NG-FE and 7 LST-NG-PD): 
17.4  ±  8.9 mm vs 15.6 ± 5.4 mm (p = 0.3). However, 
LST-G-Ns were larger than LST-G-Hs (22.3  ±  8.1 mm 
vs 14.4  ±  8.1 mm; p < 0.01). There was no difference be-
tween LST-NG-FE and LST-NG-PD (15.7  ±  5.6 mm 
vs 15.4  ±  5.3 mm; p = 0.9). 

LSTs were more commonly located in the ascend-
ing colon (39.6%), followed by the cecum (29.2%) and 
rectum (12.5%), thus predominating in the right colon 
(73.8%). When analyzing the association between LST 
site (right vs left colon) and morphology, no difference 
was observed between LST-G and LST-NG types (p =  
0.3) or between LST-G-H vs LST-G-H-N subtypes (p = 
0.5) and LST-NG-FE vs LST-NG-PD subtypes (p = 1.0) 
(Tables 2 and 3).

Table 2. Site and morphology of laterally spreading tumors (LST).

LST type

Site Granular Non-granular p*

Right colon 54 (74.0) 19 (26.0)
0.3

Left colon 14 (60.9) 9 (30.1)

Values are expressed as n (%).

Table 3. Site and morphological subtypes of laterally spreading 
tumors (LST).

LST-G subtype LST-NG subtype

Site LST-G-H LST-G-N p* LST-NG-FE LST-NG-PD p*

Right colon 32 (59.3) 22 (40.7)
0.5

14 (73.7) 5 (26.3)
1.0

Left colon 10 (71.4) 4 (28.6) 7 (77.8) 2 (22.2)

LST-G: granular type, LST-G-H: homogeneous subtype, LST-G-N: nodular mixed subtype, 
LST-NG: non-granular type, LST-NG-FE: flat elevated subtype, LST-NG-PD: pseudodepressed 
subtype. Values are expressed as n (%).

Regarding the capillary pattern of LST-G, 77.8% 
(35/45) of type III capillary pattern was found in the 
LST-G-H subtype, and 69.6% (16/23) of type IV capil-
lary pattern was diagnosed in the LST-G-N subtype (p < 
0.001). In LST-NG-FE, we observed 70.6% (12/17) of 
type III capillary pattern, 100% (3/3) of type IV capillary 
pattern, and 100% (6/6) of type II capillary pattern. The 
only two lesions with type V capillary pattern and type 
Vi pit pattern were LST-NG-PD, and all other lesions of 
this subtype showed type III capillary pattern (p = 0.04) 
and type III pit pattern. All six lesions with type II capil-

lary pattern were sessile serrated adenomas, and five of 
them (83.3%) were located in the right colon.

Twenty-three (24%) lesions had advanced histology in 
21 patients (14 female, 66.7%). Advanced histology was 
significantly more common among lesions > 20 mm (p < 
0.001) and in lesions with capillary pattern suggestive of 
neoplasms (0/6 for type II pattern, 9/62 [14.5%] for type III 
pattern, 12/26 [46.1%] for type IV pattern, and 2/2 [100%] 
for type V pattern; p = 0.001). Lesions with advanced his-
tology  were larger than all other lesions (25.1  ±  10 mm 
vs 14.3  ±  5 1 mm; p < 0.01). There was no difference be-
tween the right colon and left colon (24.7% vs 21.7%, p = 
1.0) or between LST-G and LST-NG, but a difference was 
observed between their respective subtypes (homogeneous 
[4.8%] vs nodular mixed [53.9%], p < 0.001; and flat el-
evated [14.3%] vs pseudodepressed [57.1%], p = 0.04).

Logistic regression analysis showed that LSTs > 20 
mm, LST-NG-PD, and LST-G-N were predictors of ad-
vanced histology (Table 4). 

Table 4. Logistic regression analysis of advanced histology.

Variables (%) OR (95% CI) p*

Right colon vs left colon 24.7 vs 21.7 1.18 (0.4-3.6) 0.78

≤ 20 mm vs > 20 mm 14.1 vs 66.7 12.2 (3.8-39.2) < 0.01

LST-G vs LST-NG 23.5 vs 25.0 0.92 (0.3-2.6) 0.88

Homogeneous vs 
nodular mixed

4.8 vs 53.8 23.3 (4.6-117.4) < 0.01

Flat elevated vs pseudo-
depressed

14.3 vs 57.1 8.0 (1.2-55.3) 0.02

LST: laterally spreading tumor, LST-G: granular type, LST-NG,: non-granular type, OR: odds ratio.

Seventy-eight patients with 78 LSTs had follow-up ex-
amination at 6, 12, and 18 months after EMR. There were 
five recurrences (6.4%). Recurrences were more common 
among lesions > 20 mm treated with piecemeal EMR than 
in lesions ≤ 20 mm (28.6% vs 1.6%, p = 0.003) and in le-
sions with advanced histology (22.2% vs 1.7%, p = 0.009). 
The mean size of recurrent lesions was 36  ±  11.9 mm (p 
< 0.01). The LST-G-N subtype was associated with more 
recurrences (p = 0.05), and showed a larger mean size than 
all other subtypes (22.3  ±  8.1 mm, p < 0.01). 

All five recurrences/residual neoplasms were detected 
in the first follow-up colonoscopy. Four of them were 
adenomas and were easily treated with a second EMR, 
with complete removal of the lesion  and no complica-
tions. Incomplete resection was found in only one case 
with massive sub mucosal invasion, requiring additional 
surgical intervention. No perforations were observed.
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Discussion
LSTs are recognized as precursors of colorectal cancer. 

Prevalence of LSTs, however, is not high. A large mul-
ticenter study21 reported a prevalence of 0.93% among 
all colonoscopies and of 4.5% among patients with pre-
cancerous lesions, with a male predominance (55%) and 
a mean patient age of 66.2 years. Kim et al showed a 
prevalence of 2.35% among 6499 patients with colorec-
tal adenomas, also reporting a male predominance, 
with a mean patient age of 62.5 years.22 Recently it was 
observed a prevalence of LSTs five times higher in the 
USA than in South Korea (2.6% vs 0.5%, p < 0.001).23 
Most studies on LSTs are conducted in Asia, and there 
is little published information on these lesions outside of 
Asia, especially in Latin America, which has prompted 
this research. Our overall prevalence was 2.5% in 3.623 
consecutive colonoscopies and 8% among patients with 
premalignant lesions, accounting for 4.6% of superficial 
neoplastic lesions and 10% of non-polypoid neoplasms. 
LSTs were more commonly found in women (69.2%), 
and the mean patient age was 67 years. 

Most LSTs reported in the literature are of the gran-
ular type and predominant in the right colon, which is 
consistent with our findings of 70.8% and 76%, respec-
tively.21, 22, 24 There was no difference in size between 
LST-G and LST-NG in ourseries. However, in line with 
results of previous studies, LST-G-Ns were significantly 
larger than all other subtypes.24, 25 Most LST-G-Hs and 
LST-NG-FEs were adenomas with low-grade dysplasia 
(95.2% and 85.7%, respectively) and were located in the 
right colon (76.2% and 66.7%, respectively). LST-NG-
PDs were also predominant in the right colon (71.4%).

Digital  chromoendoscopy (using Flexible Intelligent 
Color Enhancement, FICE) or real-time chromoendoscopy 
(using indigo carmine) allowed us to determine lesion mor-
phology and define their pit and capillary patterns, influenc-
ing the choice of approach to LST management. Similar to 
the study by Huang et al, in which type IV was the main pit 
pattern in the LST-G type, we also found a higher frequency 
of type IV pit pattern in LST-Gs, especially in the LST-G-N 
subtype.10 In our series, 90 lesions showed type III-V capil-
lary patterns, which are suggestive of neoplastic lesions, and 
six lesions showed type II capillary pattern (all of them were 
LST-NG-FE), which is suggestive of non-neoplastic lesion. 
Five of them were located in the right colon, and one in 
the rectum. All six lesions were removed, following the rec-
ommendations of Rex et al, and histopathological analysis 
revealed that they were sessile serrated adenomas.6

Two lesions of the LST-NG-PD subtype showed 
type V capillary pattern and type Vi pit pattern along 

with advanced histology. Advanced histology (adenoma with 
high-grade dysplasia or early cancer) was observed in 21 LSTs 
(23%), and was more commonly detected in lesions > 20 mm 
(p < 0.001), in capillary patterns suggestive of neoplasms (III-
V; p = 0.001), in LST-G-N (p < 0.001), and in LST-NG-PD 
(p = 0.043). Previous studies have identified large lesions, with 
pseudodepression and large nodules (≥ 10 mm), as predictors 
of higher aggressiveness of LSTs.22, 24, 25 Unlike most studies, 
Xu et al26 found no difference between LST-NG-FE and 
LST-NG-PD subtypes. Non-polypoid lesions tend to be 
more aggressive than polypoid lesions, with an increased 
risk of advanced histology.27

Most LSTs are adenomatous lesions, even when they 
reach large diameters, allowing endoscopic resection to be 
performed. Prior to selection of the resection technique, 
it is important to distinguish between adenoma and ad-
enocarcinoma. According to the guidelines of the Japan 
Gastroenterological Endoscopy Society (JGES),28 using 
magnifying endoscopy, known as optical biopsy, is more 
effective and highly accurate both for distinction between 
adenoma and adenocarcinoma and for evaluation of in-
vasion depth than carrying out a simple biopsy, which, 
in addition to not providing a qualitative diagnosis, may 
cause fibrosis, thus hindering endoscopic treatment. 

En bloc resection is the optimal treatment of colorec-
tal neoplasms, especially adenocarcinomas, facilitating 
histopathological diagnosis and allowing lymphovascular 
invasion and invasion depth to be properly evaluated. Le-
sions up to 20 mm in size can be easily removed by EMR. 
The choice between piecemeal EMR  and endoscopic 
submucosal dissection (ESD) for large LSTs should be 
based on LST subtype with magnification. LST-G-N 
with large nodule and LST-NG-PD, which may have 
multifocal submucosal invasion, whose foci are often 
difficult to detect, should be removed preferably by en 
bloc resection, for which ESD is indicated, with reduced 
recurrence rates.9 Colorectal ESD is also indicated for le-
sions > 20 mm, lesions that are difficult to be removed en 
bloc by EMR, lesions with type Vi pit pattern, carcino-
mas with shallow submucosal invasion, mucosal tumors 
with fibrosis, and recurrent or residual early carcinomas 
after endoscopic resection.9, 28 In our series, all seven cases 
of LST-NG-PD were ≤ 20 mm, and were removed by en 
bloc EMR. The ESD technique, however, is more com-
plex than EMR and has been associated with a long learn-
ing curve and more complications, especially perforation, 
and its use should be limited to specialized centers.26

For early detection of local recurrence, periodic obser-
vation with colonoscopy is required. Oka et al29 showed 
that piecemeal resection, LST-G ≥ 40 mm, no pre-treat-
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ment magnification, and ≤ 10 years of experience in endo-
scopic resection were significant risk factors for local recur-
rence. Recurrence has also been associated with resection 
of more pieces of LST.30 In our series, 78 patients with 78 
LSTs underwent follow-up colonoscopy at 6, 12, and 18 
months after EMR. Five patients (6.4%) showed evidence 
of recurrence/residual neoplasm, and all cases were detect-
ed in the first follow-up examination. Recurrences were 
more common in lesions > 20 mm treated with piecemeal 
EMR and lesions with advanced histology, and LST-G-N 
was the subtype with the highest recurrence rate. 

Even with a rate of about 28% (4/18) of recurrence/
residual neoplasm for lesions removed by piecemeal EMR 
in our series, only one case required additional surgical 
intervention, because it was an LST-G-N 50 mm in size 
located in the right colon, which showed massive submu-
cosal invasion on histopathological analysis. Therefore, 
piecemeal EMR  is an acceptable option, and is still an 
effective option for resection of large mucosal tumors.31, 32

Our study has some limitations. It was conducted in 
one endoscopy center and all colonoscopies were per-
formed by a single endoscopist, who had extensive expe-
rience in magnification and colorectal resection by EMR, 
but without expertise in ESD. 

In conclusion, the prevalence of LSTs is small and 
most LSTs are adenomas that can be treated endoscopi-
cally. Selection of the resection technique should be 
based on lesion size and morphological subtype, and 
magnifying endoscopic observation of lesions may be 
useful for evaluation of their features. LSTs > 20 mm and 
pseudodepressed and nodular mixed subtypes were con-
sidered risk factors for advanced histology. EMR, even 
using the piecemeal technique, is a good option for the 
treatment of LSTs. Early control in patients with lesions 
larger than 20 mm, which were resected piecemeal (pice-
meal technique), especially pseudodepressed and nodular 
mixed subtypes should be performed.
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