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ABSTRACT 

We review the use of Endoscopic Mucosal Resection in the treatment of early colorectal cancer. Newer endoscopic im- 
aging modalities have lead to earlier detection of advanced lesions thus enabling endoscopic curative therapy of lesions 
that would otherwise need surgery. Early outcomes data suggest promising results. But further long term prospective 
studies are needed. 
 
Keywords: EMR; Endoscopic Mucosal Resection; ESD; Endoscopic Submucosal Dissection; Early Colon Cancer;  

Colon Cancer Therapy 

1. Introduction 

Colorectal cancer (CRC) is the third most common new 
cancer diagnosis and cause of cancer related death among 
both men and women [1]. The incidence and prevalence 
of CRC has been declining in part due to the effect of 
screening colonoscopy leading to early detection and also 
secondary prevention through polypectomy [2]. Recently 
published long term data also demonstrates a reduction in 
mortality from colon cancer due to colonoscopic polypec- 
tomy [3]. Improvements in preparation for colonoscopy, 
quality of colonoscopy, techniques of adenoma detection, 
newer endoscopic imaging methods have led to earlier 
detection of advanced neoplasia [4]. Newer and improved 
techniques of polyp removal have in turn facilitated ef- 
fective endoscopic removal of flat and lateral spreading 
tumors (LST) and early carcinomas of the colorectum. 

Current approaches for the treatment of LST and early 
colon cancer include surgical resection, laparoscopic co- 
lectomy, transanal endoscopic micro-surgery (TEMS) for 
rectal lesions, endoscopic mucosal resection (EMR) and 
endoscopic mucosal dissection (ESD). 

In this review article we will discuss the use of EMR 
and ESD in the treatment of LST early colon cancer. 
These two modalities serve as staging tools for early co-
lon cancer and can also be curative [5]. 

1.1. Recognition of Colon Lesions 

1.1.1. Standard Techniques 
Most colonic neoplasia, including subtle flat polyps, and 

sessile serrated polyps can be recognized with careful 
inspection methods including careful washing of any 
adherent stool or mucous, tip deflection to ensure ex- 
amination behind folds and flexures, and recognition of 
subtle mucosal patterns for flat and serrated polyps.  

1.1.2. New Techniques 
Cap fitted colonoscopy uses the aid of a plastic cap fitted 
to the end of the colonoscope. Its use does not increase 
the adenoma detection rate (ADR) [6-8], but has been 
shown to reduce polyp miss rate [9]. 

Chromoendoscopy, the application of topical dye to 
the colon surface, improves detection of flat dysplastic 
lesions in IBD surveillance when compared to standard 
light [10]. It is now recommended as and acceptable 
standard practice in IBD surveillance [11]. This tech- 
nique has shown only a marginal increase in ADR at the 
cost of increased procedure time in average risk screen- 
ing/surveillance colonoscopy [12,13]. It may however 
prove useful in detecting the subset of flat and/or serrated 
adenomas [13]. 

Randomized trials of high definition colonoscopy and 
standard definition colonoscopy have either shown a 
modest improvement [14] in adenoma detection rate or 
no improvement [15,16]. An RCT done at our center 
combining high definition, NBI and wide angle endo- 
scopy demonstrated a decreased miss rate [17] and a ret- 
rospective controlled study demonstrated a small but 
significant increase in ADR [18]. 

Narrow band imaging (NBI) has been used to classify 
lesions endoscopically using the Sano classification sys-*Corresponding author. 
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tem [19]. NBI has not been shown prospectively to im- 
prove adenoma detection rate [20]. In a randomized con- 
trolled trial of standard definition, high definition and 
NBI colonoscopy, there was no difference in the propor-
tion of subjects found to have adenomas (or adenoma 
detection rate) but the number of adenomas detected per 
subject was higher with NBI and high definition colono- 
scopy [16]. NBI was shown to be more accurate in pre- 
dicting polyp histology [16]. Meta-analyses of NBI have 
shown no improvement or mixed results in adenoma de- 
tection [21-23]. 

1.1.3. Classification of Colon Neoplasia 
In vivo classification of colonic neoplasia is important for 
several reasons: 

1) Distinguish subtle flat or sessile polyps from in- 
flammatory or otherwise altered mucosa; 

2) Distinguish low grade adenomas for routine remo- 
val versus advanced adenoma and early carcinoma for 
advanced endoscopic resection such as EMR and ESD, 
versus deeply invasive carcinoma for surgical resection;  

3) Identify low risk (small distal) hyperplastic polyps 
that do not require removal; 

4) Correct classification of low risk adenoma followed 
by “resect and discard” without histological evaluation.  

The Paris classification (Figure 1) is a consensus clas- 
sification of superficial lesions of the gastrointestinal 
tract that describes the shape (sessile, penduculated, flat, 
etc) of neoplastic lesions [24]. This was first devised in 
2002 by a multidisciplinary group of experts including, 
gastroenterologists, surgeons and pathologists. This is a 
widely accepted and well validated classification of su- 
perficial lesions of the gastrointestinal tract. It is now an 
accepted method of classification of colon lesions that 
can be used to determine the mucosal depth of a particu- 
lar lesion and also whether therapy of lesion can be un- 
dertaken endoscopically. In general, lesions that are flat 
with central depression below the mucosal surface or 
ulceration, are most likely to harbour invasive neoplasia. 
A high degree of correlation has been found between the 
Paris classification and final histopathology [25]. 

The Kudo classification (Figure 2) primarily uses 
chromoendoscopy and classifies surface vascular patterns 
as normal, faint, network, dense, irregular, and sparse 
patterns (Figure 2, left to right, bottom row shows mag- 
nified image) [26]. This classification has been well 
validated and is able to facilitate endoscopic differentia- 
tion of neoplastic and non-neoplastic lesions, as well as 
to identify lesions at risk for invasive neoplasia [27]. 
Accurate distinction of invasive vs. non-invasive patterns 
is facilitated by magnification endoscopy.  

The Sano classification (Figure 3) utilizes narrow band 
imaging to evaluate the capillary pattern (CP) and classi- 
fies the lesions into 1, 2, 3A and 3B (Figure). A further  

Protruded, 
pedunculated

Protruded, 
sessile 

Superficial,
elevated 

Flat 

Depressed 
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Figure 1. Paris Classification (Reproduced with permission 
from Nature Publishing and Kahi et al. [12]). 
 
modification involves the identifying meshed capillary 
vessels (MCVs) [27]. Multiple prospective studies have 
validated the Sano classification. There is a high degree 
of correlation between the Sano classification of neopla- 
sia and final histopathology and it is useful in differen- 
tiating hyperplastic (CP1), adenomatous (CP2), advanced 
adenomatous (CP3A), and invasive lesions (CP3B) re- 
quiring surgical therapy [27]. 

More recently, as a result of better technology and      
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Figure 2. Kudo Classification (Reproduced with permission from Wada et al. [39]). 
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Figure 3. Sano Classification (Reproduced from Uraoka et al, permission requested [27]). 
 
newer processors, the Sano and Kudo systems have been 
used in a tandem fashion and their combined use has 
shown an increase in specificity and sensitivity [27]. The 
use of magnifying NBI to evaluate pit patterns (Sano) 
and vascular patterns (Kudo) without chromoendoscopy 
has been suggested and preliminary studies have shown 
promising results [27]. 

A simplified classification schema was recently de- 
veloped and validated using NBI International Colorectal 
Endoscopic (NICE) classification based on lesion color, 
brightness, and capillary/pit patterns [28].  

Confocal laser endomicroscopy (CLE) provides endo- 
luminal imaging similar in resolution and magnification 
to histopathology in diagnosing colon neoplasia and may 
be a valuable tool in “diagnose and discard” strategy 
[29-31]. There may be synergistic benefit in combining 

CLE and NBI in assessing polyps [31]. In the context of 
EMR for early colon cancer, CLE may be useful in dis- 
criminating lesions in vivo that are amenable to endo- 
scopic therapy from those that require surgery.  

1.1.4. Endoscopic Mucosal Resection Techniques 
EMR is a modified and enhanced technique of polypec- 
tomy using injection and snare cautery. A solution is 
injected into the submucosa to raise the lesion and pro- 
vide a cushion for electrocautery. A snare is used to 
strangulate the selected area so that the mucosa is sepa- 
rated from the submucosa and the muscularis is excluded 
from the snare. Electrocautery is then applied to resect 
the selected area. Depending on the size of the lesion en 
bloc resection or piecemeal resection can be performed. 
Various techniques can be used to maximize the effec-
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tiveness of EMR. 

1.1.5. Types of EMR [5] 
Inject and cut: The polyp is removed by snare cautery 
after saline/fluid injection. 

Inject, lift and cut: A grasping forceps is used to lift 
the lesion before snare cautery excision the lesion. 

Cap assisted EMR: A snare is positioned around the 
opening of a cap fitted to the endoscope. The lesion is 
suctioned into the cap and resected by snare cautery. 

Ligation assisted EMR: A variceal banding kit modi- 
fied for EMR is used to deploy a band in the standard 
fashion across the lesion of interest. The tension in the 
band excludes to muscularis mucosa. A snare is then 
deployed above or below the band to resect lesion. 

1.1.6. EMR Steps 
The ideal position for the lesion is generally at the 6 
o’clock position while also ensuring a stable position 
with the least amount of torque in the endoscope to allow 
visualization, injection and resection. A flat adenoma is 
shown in Figure 4. The next step is injection. Choice of 
injection solution is largely arbitrary and is dictated by 
familiarity. The most commonly used solution is saline 
dyed with methylene blue or indigo carmine. Methylcel-
lulose and other bulking agents have also been used as an 
injectate to increase the lifting duration. Epinephrine 
1:10,000 - 100.000 may also be added to the solution to 
prevent immediate bleeding and facilitate visualization 
during resection. Multiple different agents, combinations 
of agents are being studied in an attempt to identify the 
optimal lifting solution (Figure 5). The lesion margin 
can be marked in two ways: (A) In subtle flat lesions, the 
circumference of lesion can be marked with superficial 
electrocautery such as the tip of a snare before EMR. 
After initiation of EMR the effect of cautery can dimin-
ish the ability to delineate abnormal mucosa (This image  
 

 

Figure 4. Example of a flat adenoma. 

also shows incision around mucosa). (B) Chromoendo-
scopy may be performed to enhance the earance of the 
lesion, diagnose the vascular pattern and to determine the 
extent of the lesion. 

The choice of snare is also arbitrary with no data to 
support superiority of one snare over the other. Multiple 
snares are available such as thin, ultrathin, braided (Bos-
ton Scientific, Natick, MA), iSnare (US Endoscopy, 
Mentor, OH), spiral (Olympus, Center Valley, PA) etc. 
Typically a stiff snare facilitates pushing the snare into 
the saline cushion with catheter below the level of the 
polyps. As the snare is closed, the lumen is partially de-
flated to allow the polyp to collapse into the snare lumen. 
A small margin of adjacent normal mucosa should be 
ensnared to ensure a complete resection (Figure 6). Ideal 
electrocautery settings are unknown with some expert 
centers using predominantly coagulation and others pure 
cutting current. 

After completion of EMR, argon plasma coagulation 
of the margins of lesion may be performed, particularly if 
there is suspicion of residual neoplasia at the margin of  

 

 

Figure 5. Saline and indigo carmine lift. 
 

 

Figure 6. Post EMR appearance. 
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the resection (Figure 7). There is some evidence to sug-
gest APC is effective in recurrence [32]. Prophylactic 
closure of the defect created by EMR defect with clips 
may prevent bleeding delayed bleeding and theoretically 
delayed perforation due to cautery effect and may be 
appropriate in high risk lesions such as large right colo- 
nic LST (Figure 8). 

Polyp retrieval is accomplished by using various 
commercially available retrieval tools such as Roth Net 
(US endoscopy, Mentor, OH). The polyp is then pinned 
on a paraffin or cork block to provide accurate orienta-
tion for histo-pathologic evaluation of deep margins 
which is an important step especially when carcinoma is 
suspected (Figure 9). In the setting of piecemeal resec-
tion, the largest polypoid region of the polyp is most 
likely to harbour invasion and should be pinned for care-
ful pathological assessment. 

1.1.7. ESD Technique 
Polyp positioning, lesion marking and injection solution  

 

 

Figure 7. APC around resection margins. 
 

 

Figure 8. Clip closure of EMR defect. 

 

Figure 9. Pinning of EMR polyp specimen. 
 
for ESD are similar to the steps described above in EMR 
section however the initial injection is usually at the pe-
rimeter of the lesion. A circumferential incision is then 
made around the lesion within the submucosa with elec- 
trocautery knives that have been specially adapted to 
allow precise control of incision depth. The lesion is then 
dissected along its deep margins within the submucosal 
space underneath the lesion using a knife to obtain an “en 
bloc” specimen. Retrieval and processing of the speci- 
men is similar to steps described in EMR section. 

1.2. Complications of EMR and ESD 

1.2.1. Immediate 
Active bleeding after EMR can be treated with coagula- 
tion and clipping. Oozing can be treated by APC. Co- 
agulation should be performed with specialized coagula- 
tion forceps to reduce the risk of full thickness thermal 
injury and minimal thermal settings must be used. Pefo- 
ration can usually be recognized by a “target sign” which 
represents two rings of tissue that have been cauterized. 
The first is the mucosa-submucosa interface, and the 
second, the submucosa-mucularis propria interface (Fig- 
ure 10). Perforations can be safely and effectively closed 
by “through the scope” clips. A newer “over the scope” 
clip (OVESCO, Tubingen, Germany) can be used to 
close larger perforations. The patient should be admit- 
ted, placed on antibiotics and bowel rest and a surgery 
consult should be obtained. Abdominal pain (without 
perforation) and abdominal distension is usually due to 
retention of air or ileus. A thorough and serial clinical 
evaluation must be performed. Severe pain, worsening 
symptoms and signs should prompt a judicious use of 
imaging to evaluate for perforation. Use of carbon dio- 
xide can decrease post procedure abdominal pain due to 
distension. 

Copyright © 2013 SciRes.                                                                                  JCT 



Endoscopic Mucosal Resection: Therapy for Early Colorectal Cancer 296 

 

Figure 10. Target sign. 

1.2.2. Delayed Complications 
Bleeding from EMR site can occur between days to 
weeks after procedure. Depending on the clinical sce- 
nario, observation, transfusion, resuscitation with fluids 
may be appropriate. Colonoscopy may be indicated if the 
lesion continues to bleed despite initial conservative the- 
rapy. Rarely emergent angiography may be indicated in 
cases of massive bleeding and hemodynamic instability. 
Delayed perforation usually requires surgical intervene- 
tion. Endoscopic closure of perforation may not be feasi- 
ble as the patient cannot be prepped and endoscopy is 
generally precluded. Post-polypectomy syndrome is cha- 
racterized by pain, fever, elevated white count with lo- 
calized abdominal signs without perforation. It is re- 
lated to deep cautery effect causing localized inflamma- 
tion and peritonitis. The syndrome responds well to con- 
servative management with bowel rest, IV antibiotics and 
hydration. Polyp recurrence: In a retrospective study 
done at our center, a polyp recurrence rate of 12% was 
found [33]. The only significant predictor of recurrence 
was piecemeal removal during index EMR. For this rea- 
son, close surveillance intervals are usually recommended 
such as repeat colonoscopy in 2 - 6 months to ensure 
complete eradication. 

2. Discussion 

Outcomes: A significant amount of research has been 
done to examine the factors that impact clinical outcome 
but most studies are retrospective [34]. A large prospec- 
tive study by Moss et al. showed that a prior attempt at 
EMR, ileocecal valve involvement increased the risk of 
ineffective EMR and size greater than 4 cms and use of 
salvage APC was associated with polyp recurrence [35]. 
Our retrospective analysis showed that piecemeal re- 
moval of polyps was the only risk factor for polyp recur- 
rence [33]. Both studies showed an overall failure rate of 

about 10% - 11%. In a study that specifically evaluated 
early colon cancer treated by EMR, Kim et al. found that 
64/129 subjects with intramucosal cancer were com- 
pletely and successfully treated with EMR and of the 
64/129 subjects with submucosal cancer, 7 had progress- 
sion to colon cancer [36]. Mannath et al. showed that 
piecemeal recurrence was the main risk factor for polyp 
recurrence and also that APC use did not impact recur-
rence [37]. 

Surveillance: In all studies close follow up evaluation 
is recommended however there are no reliable prospec- 
tive data regarding the appropriate colonoscopy intervals. 
The most common practice, also followed at our center, 
is surveillance colonoscopy at 3, 12 and 36 months [33, 
35]. 

Pathology: Acceptable complete resection of early 
colon cancer is generally defined as negative deep and 
lateral margins with no lymphovascular invasion, a dif-
ferentiated tumor, and <1000 microns of submucosal 
invasion [38]. Studies have shown that the large majority 
of T1a lesions are cured by EMR/ESD [35,36]. 

3. Conclusion 

Endoscopic detection and removal of advanced polyps 
and early invasive cancers is now widely recognized as 
an effective alternative to surgery. The methods require 
advanced endoscopic skills and training and are associ-
ated with increased risk compared with small polyps, but 
likely lower risk compared to surgical resection. The vast 
majority of non-invasive polyps, even giant polyps 
greater than 4-6 cm can typically be removed safely and 
effectively in expert hands. The take home points for 
EMR of early colon cancer include appropriate docu-
mentation and photography of large polyp, limited cold 
forceps biopsy, avoiding cautery methods (hot snare, hot 
biopsy) for sampling, tattooing at a location slightly 
away from polyp but not underneath it, discussion of 
therapeutic options based on pathology, and referral to 
advanced endoscopist who practices EMR [34]. 
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