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Magnifi cation endoscopy in esophageal squamous cell carcinoma: 
a review of the intrapapillary capillary loop classifi cation
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Abstract Recent developments in image-enhancement technology have enabled clear visualization of 
the microvascular structure of the esophageal mucosa. In particular, intrapapillary capillary 
loops (IPCLs ) are observed as brown loops on magnifi cation endoscopy with narrow-band 
imaging (NBI). IPCLs demonstrate characteristic morphological changes according to the 
structural irregularity of esophageal epithelium and cancer infi ltration, summarized in the IPCL 
classifi cation. In this review, the process from the fi rst endoscopic description of IPCLs to the 
eventual development of the IPCL classifi cation is described and discussed, particularly focusing 
on early stage squamous cell carcinoma of the esophagus.
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Introduction 

Early detection of esophageal squamous cell carcinoma 
is directly related to improved prognosis [1,2]. Lesions 
confi ned to the mucosal layer can be treated by local 
endoscopic resection (endoscopic mucosal resection [EMR]/
endoscopic submucosal dissection [ESD]) [3-6] and/or 
endoscopic ablation [7] instead of surgery [8,9], because 
there is usually no risk of lymph node metastasis [1,2,10,11]. 
Th erefore, a major target of endoscopic screening is to 
pick up these early, endoscopically resectable lesions [12-
14]. A  submucosally invasive cancer oft en demonstrates 
considerable morphological changes: elevated (0-I) and/
or excavation (0-IIc/III) on standard non-magnifi ed 
imaging [15]. Th is surface change is accompanied by a 
destruction of the original mucosal structure [11,15]. 
By contrast, an intramucosal cancer generally has a fl at 
appearance with minimal impact on the contour of the 
mucosal surface (0-IIa, IIb, IIc). However, the relationship 

of these appearances with the depth of invasion is not always 
quantitative and clear. An endoscopic diagnosis based solely 
on this gross, macroscopic appearance of a tumor is therefore 
of limited value. It defi nitely needs to be stated that deciding 
whether a lesion is intramucosal or submucosally invasive 
(SM) has profound implications of the treatment modality 
chosen. It is essential, therefore, to have an additional - more 
accurate  -  method of determining the depth of invasion. 
In addition, the diff erential diagnosis of high- from low-
grade intraepithelial neoplasia is also important, because 
high-grade intraepithelial neoplasia should be treated by 
endoscopic resection. When Lugol staining is employed, 
among Lugol-voiding areas a useful endoscopic criterion to 
detect high-grade intraepithelial neoplasia or intramucosal 
cancer is the “pink-color” sign [16,17](Fig. 1A). Th is is readily 
identifi ed as the “metallic silver” sign when it is seen with 
narrow-band imaging (NBI) enhancement [18](Fig.  1B). 
However, fl at unstained areas smaller than 5 mm are usually 
not high-grade dysplasia. Th ese can be disregarded during 
endoscopy in order to save procedural time [19]. While the 
diagnostic accuracy of these criteria is acceptable, there still 
remains considerable room for improvement, particularly 
in the diagnosis of border-line lesions. In this situation, an 
accurate endoscopic diagnosis with magnifi cation endoscopy 
is practically more important, considering the inter-  and 
intra-observer variation for histologic assessment and the 
uncertainty that this generates [20].

NBI is in use as a novel image enhancement technology [21] 
employing light fi lters to allow penetration at peak wavelengths 
of 415  (390-445) nm and 540  (530-550) nm. Light in these 
“narrow bands” is readily absorbed by hemoglobin, such that 
blood vessels on the mucosal surface are highlighted brown 
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with high contrast to background tissue, allowing capillary 
patterns to be examined in great detail [22].

In a randomized controlled multicenter trial, NBI was able 
to detect superfi cial cancer more frequently than white light 
imaging in both the head and neck region and the esophagus 
(100% vs. 8%, P<0.01; 97% vs. 55%, P<0.01, respectively) [23]. 
However, areas highlighted by NBI do not always represent 
cancer. Borderline lesions [those “indefi nite for neoplasia” 
(Vienna 2) or “intraepithelial neoplasia” (Vienna 3, 4)] are 
readily detected by this method [20,22], particularly in heavy 
drinkers and smokers [24]. In these patients, Lugol’s iodine 
staining of the esophageal mucosa produces a “leopard-
print” pattern of stained and unstained areas [16]. On this 
background, cancer can develop in multiple areas from the 
pharynx to esophagus, supporting the fi eld-change concept 
of carcinogenesis by chronic infl ammation [25]. In order to 
interpret tissue atypia in more detail, magnifi cation endoscopy 
in conjunction with NBI enhancement was employed (termed 
NBI magnifi cation). Th is approach creates a highly contrasted 
and detailed image of the microvascular structure (capillary 
pattern) in the squamous epithelium [21].

In the glandular epithelium of the stomach, colon and 
Barrett’s esophagus magnifi cation endoscopy demonstrates 
both the contours of the mucosal surface and the vascular 
pattern [26-30]. In the squamous epithelium, however, the 
micro-vascular pattern of intrapapillary capillary loops 
(IPCLs) is the only reliable indicator of tissue atypia. IPCLs 
were fi rstly identifi ed using white light before the development 
of NBI and a series of reports were published in peer-reviewed 
journals [31,32] (Fig. 2, 3). However, microvessel observation 
using white-light magnifi cation endoscopy is challenging due 
to the poor contrast to background mucosa. NBI produces a 
high-contrast image and facilitates ready recognition of IPCLs.

Th is review focuses on analyzing the initial reports with 
white light and the articles regarding the utility of magnifi cation 
endoscopy in the diagnosis of esophageal squamous cell cancer.

Magnifi cation endoscopic fi ndings for superfi cial 
vasculature in normal esophageal mucosa (IPCL-I)

Without magnifi cation, branching vessels are identifi ed 
as a network of green vessels in the horizontal plane (located 
immediately above the muscularis mucosae) [31]. IPCLs, which 
rise perpendicularly from the branching vessel network are 
barely visible. By using a high-defi nition endoscope, IPCLs in 
the normal mucosa are identifi ed as red dots under white light 
and as brown dots with NBI. Magnifi cation with NBI provides 
a more detailed image of IPCLs as brown loops, in which the 
fl ow of red blood cells (RBCs) can sometimes be observed 
(Fig. 4). As IPCLs are end capillaries which allow the passage of 
single RBCs, the inner diameter of one IPCL can be surmised 
to be approximately the diameter of an RBC (7-10 μm). As 
IPCLs run in the intraepithelial papilla adjacent to basement 
membrane of the squamous epithelium, they may be aff ected 
by alterations in the basal and/or parabasal layer and directly 
refl ect morphological changes of the epithelial papilla.

Esophagitis and reactive change (IPCL-II)

Th e major cause of esophagitis is gastroesophageal refl ux 
disease, with acid in the esophagus causing erosive change 
to the squamous mucosa. Erosive lesions have irregular and 
unclear epithelial margins with characteristic features of 
IPCLs. IPCL-II is characterized by dilatation and elongation of 
these capillaries, appearing at the margin of erosions.

Magnifi cation endoscopic diagnosis for tissue atypia 
of the squamous epithelium

IPCL changes can be fi rst appreciated in infl ammatory 
mucosa, progressing through low- to high-grade dysplasia and 

Figure 1 (A) Squamous cell carcinoma developed on esophageal mucosa with multiple Lugol-voiding area. T1-EP (cancer confi ned with epithelium) 
(B) With narrow-band imaging, the cancerous area indicated in “A” appears shiny silver. Th is phenomenon is called “metallic silver sign”
Lugol spraying on esophageal mucosa revealed mixture of stained and unstained area. Th is is called “leopard-print” pattern, oft en observed in patients with heavy 
alcohol use. Between the white arrows a “pink” lesion of squamous cell carcinoma was observed. Pink color sign is a valuable indicator to identify high-from low-grade 
dysplasia on squamous epithelium 
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fi nally to cancer [33]. Consequently, IPCL-I and -II represent 
normal and infl ammatory change, respectively, whilst IPCL-III 
and a part of IPCL-IV are categorized to “borderline” lesions 
between benign and malignant tumors. IPCL-III is a feature of 
atrophic mucosa or low-grade intraepithelial neoplasia (low-
grade dysplasia), while IPCL-IV is frequently representative of 
non-invasive high-grade intraepithelial neoplasia. IPCL-  V1 
indicates carcinoma in situ (Fig. 5).

In squamous cell carcinoma in situ, IPCL analysis 
demonstrates characteristic changes; dilatation, meandering, 
caliber change and non-uniformity in the appearance of 
each IPCL which is closely related to structural atypia of the 
squamous epithelium [32,34] (Fig.  3 and 5). Based on these 
fi ndings, IPCL classifi cation was reported in 2001 [35,36]
(Fig.  5). When changes in microvascular morphology are 

discussed, the implication is that the vasculature involved in 
cancer tissue is abnormal: an assumption strongly supported 
by microangiographic studies [34,37,38](Fig. 6).

Borderline lesions (IPCL-III and -IV)

Endoscopic diagnosis of tissue atypia in fl at mucosal lesions 
is possible by evaluating the IPCL pattern on magnifi cation 
NBI. A suspicious lesion is fi rst identifi ed as brownish area with 
NBI (or a Lugol-voiding area). Once detected in this way, the 
lesion should be evaluated by magnifi cation endoscopy. If the 
lesion has less vascular proliferation, the lesion is diagnosed as 
IPCL-III. IPCL-III is usually regional atrophic mucosa or low 
grade intraepithelial neoplasia. When vascular proliferation 
appears increased in the lesion (described in more detail 
below), it is diagnosed as IPCL-IV. IPCL IV represents high-
grade intraepithelial neoplasia.

An IPCL-III lesion must be surveyed every year 
periodically, while tissue with higher-than-IPCL-IV should be 
treated by EMR/ESD. Needless to say, the decision to proceed 
to endoscopic treatment is therefore absolutely dependent 
on the accurate diff erentiation of IPCL-III and IPCL-IV. 
IPCL-IV is characterized by two key factors; increased vessel 
caliber and elongation of IPCL toward the epithelial surface. 
Measurement using light microscopy on histopathological 
specimens demonstrated that the mean vessel caliber in IPCL-
IV (5.9  μm) was signifi cantly larger than IPCL-III (4.8 μm)
(P=0.013).Likewise, the mean distance from the vertex of 
IPCLs to the basement membrane in IPCL-IV (99.9 μm), 
is signifi cantly greater than that of IPCL-III (58.8 μm) [39]. 
Dilatation and elongation of IPCLs are therefore crucial 
indicators of atypia. It is worth noting that, in this study, 
the measurement of IPCL caliber was performed using 
light microscopy on formalin-fi xed specimens. Due to the 

Figure 2 Schematic drawing of magnifi cation endoscopic fi ndings for 
superfi cial vascular structure in the squamous esophagus. (Copied 
from reference 31)
Superfi cial blood vessels in the esophageal mucosa consist of branching 
vessels which extend in the horizontal plane and exist immediately above 
the muscularis mucosae. Th e intra-epithelial papillary capillary loop (IPCL) 
originates from a branching vessel, and runs perpendicularly in the lamina 
propria fi nally reaching the intra-epithelial papilla. Th e blood vessel, observed 
under regular non-magnifi cation endoscopy, is the branching vessel. When 
esophageal squamous mucosa is magnifi ed up to around 100 times, looping 
vessels (IPCLs) are observed, as shown in Fig. 2, demonstrated as brown loops 
under narrow-band imaging-enhanced observation

Figure 3 Schematic drawing of typical intrapapillary capillary loop 
(IPCL) changes from normal to cancerous pattern.  (Copied from 
reference 32)
In normal epithelium, IPCL is observed as a smooth running, small-diameter 
capillary vessel (IPCL Type I). In carcinoma in situ IPCL demonstrates 
characteristic morphological changes. Th e abnormal IPCL pattern for m1 lesion 
(carcinoma in situ) is IPCL Type V-1, exhibiting the following four pattern 
changes: dilatation, meandering, irregular caliber, and form variation

Figure 4 Narrow-band imaging magnifi cation endoscopic view of 
normal esophageal mucosa
Intrapapillary capillary loop (IPCL) type I
Brown loops are observed at the most superfi cial layer of the image: IPCLs. 
Behind them a large green vessel network is observed, the branching vessels. 
Branching vessel spread on horizontal plane just above the musclaris mucosae, 
and IPCLs runs perpendicularly from branching vessel network.
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dehydration of tissue inherent in the fi xing process, the caliber 
of vessels in vivo would be expected to be much larger. In 
this way, measurements derived from Microfi l injection into 
surgically resected specimens demonstrate the mean caliber 
of IPCL I in normal tissue to be 6.9 μm, whilst that of IPCL 
V (carcinoma in situ) was signifi cantly greater (12.9 μm; 
P<0.0001) [40].

IPCL-IV indicates a lesion on the borderline to defi nite 
carcinoma and during endoscopic examination a number of 
such areas with incomplete IPCL change, toward carcinoma, 
may be found. As discussed, this uncertainty is refl ected in 
histologic evaluation, where analysis even by experienced 
pathologists is subject to intra-  and inter-observer variation. 
For this reason, the Vienna classifi cation advocated the 
concept of non-invasive high-grade neoplasia (including 
high-grade dysplasia, non-invasive carcinoma and suspected 
carcinoma  -  Vienna category 4). Th is category improved 
kappa value of pathologists from 0.04 to 0.75 [19] and can be 
considered to correspond to IPCL-IV.

Figure 5 Original intrapapillary capillary loop (IPCL) pattern classifi cation. (Modifi ed from references 35,36)
Th e IPCL pattern classifi cation includes two sets of diagnostic criteria. IPCL pattern classifi cation from IPCL type I to type V-1 is used for the tissue 
characterization of fl at lesions (red outline). IPCL pattern classifi cation from IPCL type V-1 to type VN refl ects cancer infi ltration depth (blue 
outline). IPCL type III corresponds to borderline lesions which potentially include esophagitis or low-grade intraepithelial neoplasia. IPCL type 
III should be considered for endoscopic follow up. In IPCL type IV, high-grade intraepithelial neoplasia appears, and then further treatment with 
endoscopic mucosal resection (EMR) / endoscopic submucosal dissection (ESD) is recommended. EMR/ESD for IPCL types V-1 and V-2 should 
be also considered as they are defi nite M1 or M2 lesion with no risk of lymph node metastasis. IPCL type V3 corresponds to an M3 lesion, and 
diagnostic EMR/ESD should be applied as a “complete biopsy” to decide on a fi nal treatment strategy. IPCL type VN corresponds to a “new tumor 
vessel”, oft en associated with sm2 invasion with signifi cantly increased risk of lymph node metastasis. Surgical treatment should be recommended.

Figure 6 Intrapapillary capillary loop (IPCL) changes followed by 
cancer infi ltration
Vessels involved in cancer tissue demonstrate signifi cant morphological changes 
according to cancer invasion depth. Th is illustration is a cross-sectional view of vessels 
described by the blue outlined box of Fig. 5 (“non-neoplastic” changes are not shown). 
EP, epithelium; LPM, lamina propria mucosae; MM, muscularis mucosae; SM, 
submucosa; PM, proper muscle; M1, cancer is limited epithelium; M2, cancer 
invades LPM but does not reach MM; M3, cancer invasion reaches MM; SM, 
submucosally invasive cancer
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Carcinoma in situ (IPCL-V1)

In carcinoma in situ, or high-grade dysplasia of the 
squamous epithelium, four characteristic changes of IPCL are 
found in the brownish area under magnifi cation NBI. Th ese are 
dilatation, meandering, caliber change, and non-uniformity in 
the appearance of each IPCL [32,34,37] (Fig. 3, 7).

Ishihara et al also reported the signifi cant association in 
univariate analysis for predictors of squamous high-grade 
neoplasia, for the factors of brownish epithelium, brownish 
dots, tortuous IPCL, variety in IPCL shapes and demarcation 
line [41].

Assessment of invasion depth for superfi cial squamous 
cell carcinoma

In standard endoscopy without magnifi cation, the 
estimation of invasion depth is based on the gross appearance 
of the lesion (protruberance or excavation) and/or dynamic 
changes in surface contour with air/gas insuffl  ation. Th ese 
criteria are evidently insuffi  cient for accurate evaluation 
of infi ltration depth. Magnifi cation endoscopy provides 
additional, objective information, particularly when dealing 
with more superfi cial lesions [41-43]. In the diagnosis of 
invasion depth by magnifi cation endoscopy, the grade of 
morphological changes in IPCLs and the appearance of new 
tumor vessels are key indicators. Destruction of the IPCL 
structure advances gradually according to cancer invasion 
from carcinoma in situ to SM invasive cancer. Irregular 
vessels in IPCL-V3, which lose their loop-like confi guration, 
oft en appear in M2/M3 lesions (Fig. 5). In contrast, IPCL VN 
(large new tumor vessel) refl ects total destruction of the IPCL 
structure and is characteristic of deeply invasive submucosal 
carcinoma. Th e caliber of this tumor vessel is at least three 
times thicker than IPCL V-3 [36,40].

IPCL-V1 and -V2

IPCL-V1 corresponds to carcinoma in situ (M1) with 
the four characteristic morphological changes: dilatation, 
meandering, irregular caliber, and non-uniformity between 
each IPCL [32]. In most cases these morphological changes 
appear at the vertex of the IPCL. IPCL-V2 adds to the features 
of IPCL-V1 with an elongation of the vessel in the vertical 
plane. In IPCL-V1 and  -V2, the abnormal IPCLs still run 
perpendicularly in their original orientation, retaining their 
basic loop confi guration. IPCL-V1 and -V2 relate to M1 and 
M2 lesions respectively which have no risk of lymph node 
metastasis and are both best treated by EMR/ESD. Although 
these changes are also evident in pharyngeal and laryngeal 
lesions [44-47], in the pharynx the musclaris mucosae is 
usually lacking, meaning that the evaluation of infi ltration 
depth of squamous carcinoma in this region is not completely 
equivalent to that of esophageal cancer. Th is diff erence 
requires further clarifi cation.

IPCL-V3

Further changes characterize the progression to IPCLV3. 
Here, the abnormal vessel loses its loop confi guration (Fig. 8) 
and spreads in a horizontal plane. In some cases, all vessels 
run on a horizontal plane (IPCL V3a) and others mainly 
display a perpendicular extension toward deeper mucosal 
layers (IPCL V3b). In our data, IPCL V3b has relatively 
higher risk of SM invasion: IPCL-V3a related to M2  60%, 
M3SM1 40%. IPCL-V3b related to M3SM1 70% and SM2 30% 
respectively [18].

Arima et al reported the utility of interpreting the 
irregular mucosal surface vascular pattern, particularly 
focusing on the avascular area (AVA). The AVA reflects 
invasion, appearing when cancer tissue demonstrates a 
bulky growth pattern [48]. In our experience, however, the 
mucosal surface vascular pattern is subject to a great deal 
of variation and its interpretation is not easily standardized 
or categorized. We therefore recommend focusing on 
IPCL morphology and vessel caliber which appear at the 
margins of the AVA. Vessel caliber can be evaluated more 
objectively [38,40].

IPCL-VN

Th e major criterion for diff erentiating IPCL-V3 and  -VN 
is that of vessel caliber (Fig.  9). IPCL-VN vessels, which 
appear in massively invasive submucosal carcinoma, have a 
caliber approximately three times larger than that found in 
IPCL-V3. IPCL-VN is observed as large green vessels, whereas 
IPCL-V1,  -V2 and  -V3 are observed as brown small vessels 
(Fig. 5). IPCL-VN vessels are only seen when involved in the 
exposed surface of submucosal cancer tissue [36,40]. 

Figure 7 Magnifi cation endoscopy in conjunction with narrow-band 
imaging enhancement of carcinoma in situ
Dilated and irregular shape of intrapapillary capillary loops (IPCLs) is observed 
at top two thirds of image.
Th is pattern is called IPCL-V1. IPCL-V1 includes four major characteristic 
morphological changes of IPCL: dilation, meandering, irregular caliber, and 
fi gure variation.
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Evaluation of IPCL classifi cation

We undertook histological correlation of the IPCL 
classifi cation in 185 superfi cial lesions. Th e overall accuracy 
of IPCL-IV or greater was 80.0% (sensitivity 58.5%, specifi city 
96%, positive predictive value 92%, negative predictive value 
75.4%, and likelihood ratio 14.6) [49]. Goda et al reported 
magnifi cation NBI endoscopy to diff erentiate intramucosal 
cancer from submucosal cancer with sensitivity and specifi city 
of 78% and 95% respectively [43]. More studies are required to 
reinforce these observations.

A novel categorization of the original IPCL classifi cation

Th e original IPCL classifi cation corresponds to histological 
grades of atypia which can be categorized into 5 major groups. 
Th is fi ve-tier classifi cation is well-matched to histological tissue 
characterization from normal tissue, infl ammation, low-, high-
grade dysplasia, and cancer. Th is type of fi ve-tier classifi cation 
is a widely accepted model (cf. Papanicolau, Group and 
Vienna) [19]. Although the categories of tissue atypia of the 
squamous epithelium represent a continuous spectrum of 
change, much of the morphological change has no implication 
for clinical practice with respect to the diagnosis of cancer (for 
instance between IPCL I and II).

Any classifi cation system must achieve and maintain 
clinical relevance and ease of reference for the general user. It 
is proposed, therefore, that the original categories be combined 
to form larger (prognostic) groups: Group 1 (non-neoplastic: 
IPCL I, II), Group 2 (borderline: IPCL III, IV), Group 3 (cancer: 
IPCL V) (Table 1). Th is approach has a precedent in another 
simplifi ed classifi cation [50,51] and this novel categorization 
of the original IPCL classifi cation is easier to recall and use 
in terms of relating to the choice of therapy: group 1 lesions 
require no treatment; group 2 mandates careful follow up or 
prophylactic therapy; and group 3 defi nitely demands therapy.

It is then possible to subgroup the three-tier classifi cation 
to correspond to histological categories for more precise 
evaluation: Group IA (normal tissue, IPCL I); IB (infl ammation, 
IPCL II); II (low-grade dysplasia, IPCL III, IV); and III (cancer, 
IPCL V).

Group 3 can then be subdivided into three categories, 
each according to its characteristic microvascular appearance. 
Group 3A has both loop-like vessels which correspond to M1 
and M2 lesions (IPCL V1/2). In group 3B the distorted vessel 
which has already lost loop-like fi gure (IPCL V3) is usually 
related both deep mucosal and superfi cial SM invasion. Group 
3C corresponds almost exclusively to submucosal cancer, being 
characterized by large abnormal vessels (IPCL VN), which are 
three times the caliber of Group-3A vessels [40].

Th e detection of IPCL in early squamous cell carcinoma 
represents a challenge for untrained endoscopists, especially 
in the western world where the prevalence of squamous cell 
carcinoma is less than that of Barrett’s esophagus-associated 
esophageal adenocarcinoma. Even though incidence is low, 
this simplifi ed classifi cation (non-neoplastic, borderline, and 
cancer) will provide clinicians with an accessible and relevant 
staging system for pharyngo-esophageal cancer to guide the 
selection of the most appropriate therapy. Further evaluation 
of these criteria including inter- and intraobserver variation is 
expected in the near future.

Concluding remarks

IPCL classifi cation for the squamous epithelium (in the 
pharynx and esophagus) has been systematically reviewed. 
Although each category in the classifi cation clearly correlates to 
histopathological changes in a stepwise fashion, the endoscopic 

Figure 9 Narrow-band imaging magnifi cation image of “intrapapillary 
capillary loop (IPCL)-VN” vessel
Large white arrows point to large tumor vessel (IPCL-VN). Th e striking 
morphological feature is its extra-large diameter. Note the diff erence of vessel 
caliber between IPCL-V3 (small white arrow) and VN (large white arrow).

Figure 8 Narrow-band imaging magnifi cation endoscopy image of 
intramucosal cancer (M3)
Loop-like vessels have already been destroyed in its fi gure and abnormal vessels 
are starting to interconnect. Th ose interconnected vessels spread in horizontal 
plane. Th is is typical image of intrapapillary capillary loop (IPCL)-V3. Cancer 
invasion depth was M3 (muscularis mucosae).
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diff erential diagnosis can be challenging. A  simplifi ed 
re-classifi cation has been presented, for more practical use, to 
guide future studies.
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