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Colorectal malignant polyps: a modern approach
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Abstract Colorectal malignant polyps (MP) are polyps with invasive cancer into the submucosa harboring 
a variable risk of lymph node involvement, which can be estimated through evaluation of 
morphological, endoscopic, and histologic features. The recent advances in imaging endoscopic 
techniques have led to the possibility of performing an optical diagnosis of T1 colorectal cancer, 
allowing the selection of the best therapeutic modality to optimize outcomes for the patient. When 
MP are diagnosed after endoscopic removal, their management can be challenging. Differentiating 
low- and high-risk histologic features that influence the possibility of residual tumor, the risk of 
recurrence and the risk of lymph node metastasis, is crucial to further optimize treatment and 
surveillance plans. While the presence of high-risk features indicates a need for surgery in the 
majority of cases, location, comorbidities and the patient’s preference should be taken in account 
when making the final decision. This is a particularly important issue in the management of low 
rectal MP presenting with high-risk features, where chemoradiotherapy followed by a watch-
and-wait strategy has demonstrated promising results. In this review we discuss the important 
prognostic features of MP and the most modern approaches regarding their management.
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Introduction

Colorectal cancer (CRC) accounts for 10% of all tumor 
types worldwide; it is the third most common cancer in males 
and the second in females [1,2]. In developing countries, there 
has been an increasing incidence of CRC, while in developed 
countries, a stabilization or a decrease in incidence is being 
observed, along with a decline in mortality due to successes in 
prevention and improved treatment options [2-4].

Most CRC arise from “classical” adenomatous polyps, 
through the traditional adenoma-carcinoma sequence, 
mostly via the well characterized chromosomal instability 
pathway [1,5,6]. More recently, a distinct molecular pathway 
has been described: the serrated neoplasia pathway, accounting 

for approximately 30% of CRC. In this critical route to CRC, 
the adenoma-carcinoma sequence is accelerated, and sessile 
serrated lesions are the main precursor lesions [7].

CRC screening programs have led to improvements in the 
detection of early CRC and to an increase in the number of 
people identified as having malignant polyps (MP) [2,8,9]. The 
term MP refers to polyps whose histology confirms the presence 
of carcinoma invading through the muscularis mucosae into 
the submucosa without penetrating the muscularis propria, 
regardless of lymph node involvement [8,10,11]. These lesions 
are classified as pT1 in the TNM classification system [4,8]. 
After endoscopic removal of polyps, the prevalence of MP 
varies between 0.75% and 5.6%, constituting 40-60% of stage 
I CRC [6,9,12]. The potential for lymph node metastasis 
(LNM) associated with MP varies according to a combination 
of risk features, namely depth of invasion. Thus, polyps with 
characteristics suggestive of superficial invasion, such as 
pedunculated polyps Haggitt level 1 or sessile polyps Kikuchi 
sm1, are associated with an almost negligible risk of LNM 
(0-3%). On the other hand, the risk of LNM may be as high 
as 25% for pedunculated Haggitt 4 or sessile polyps [5,13]. 
The knowledge of identifiable adverse histologic features, 
the advances in imaging techniques that allow for optical 
diagnosis of T1 CRC and the recent advances in endoscopic 
treatment techniques have led to an increasing awareness of 
the importance of MP [5,14-16]. The purpose of this article is 
to review recent data on the histopathology and endoscopic 
features of MP, to discuss the various management strategies 
available, and to review evidence concerning the optimal 
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selection of patients for endoscopic surveillance vs. surgical 
treatment after endoscopic resection of MP.

Optical diagnosis of T1 CRC

During colonoscopy, various histological subtypes of 
colorectal polyps can be identified, including serrated and 
adenomatous lesions and MP. All colorectal lesions should 
undergo careful and complete endoscopic mucosal inspection 
to accurately differentiate between adenomas and CRC and to 
predict the depth of invasion [8,17]. Deep submucosal invasion 
(SMI) refers to an invasion depth >1000 μm and is associated 
with a high risk of residual cancer and LNM [8,18].

When performing endoscopic evaluation of colorectal 
lesions, there are specific endoscopic features that need to be 
assessed. Some include gross morphological aspects assessed 
by white-light colonoscopy and others involve image-enhanced 
endoscopy techniques that use dye or equipment to improve 
visualization of lesions [15,19]. According to recent evidence, 
the use of the advanced imaging techniques was considered 
preferential to the use of gross morphological features for the 
optical diagnosis of T1 CRC and deep SMI [16].

White light characterization

Gross morphological features include morphology, size 
and location. Although the sensitivity ranges from 0.18-0.68 
and the specificity from 0.80-0.98 [16], gross morphological 
features should still be inspected carefully during endoscopy.

Morphology and surface characteristics

Endoscopic classification of superficial colorectal lesions 
should follow the Paris classification, which stratifies neoplasia 
macroscopically into polypoid (pedunculated 0-Ip and sessile 
0-Is), nonpolypoid (elevated 0-IIa, flat 0-IIb, depressed 0-IIc), 
and excavated or ulcerated lesions (0-III) [18]. The risk of 
invasive CRC can be estimated from each lesion’s size and Paris 
classification (Table 1) [14-21].

The category missing from the Paris Classification is 
the lateral spreading tumor (LST). These are lesions that are 
>10  mm, with flat (0-II), or sessile (0-Is) morphology, and 

present lateral extension (rather than vertical) along the 
colonic wall. According to the Kudo classification, LSTs are 
further classified into granular (LST-G), which includes the 
homogeneous and nodular mixed subtypes, and non-granular 
(LST-NG), which comprises the flat elevated and pseudo-
depressed subtypes [8,21]. LSTs harbor a higher risk of invasive 
cancer. A  recent systematic review and meta-analysis, which 
included 48 studies, found that the risk of SMI is associated 
with the endoscopic Kudo subtype, the lesion’s size and its 
location. SMI is most common in pseudo-depressed non-
granular LSTs (31.6%) (Fig.  1) and nodular mixed granular 
LSTs (10.5%) (Fig.  2) [22]. As such, LSTs with a higher risk 
of containing SMI should have their depressed and nodular 
areas carefully inspected using not only white-light endoscopy, 
but also advanced imaging techniques, as this will provide 
important information for treatment decisions.

Size

Previous studies have shown a correlation between a lesion’s 
size and its potential for malignancy [23,24]. Larger lesions 
are at higher risk for SMI and lymph node involvement. In a 
prospective cohort of 2277 LST ~20 mm by Burgess et al [25], 
SMI was evident in 7.6% of cases. Similarly, Bogie et al [22] found 
that the proportion of SMI increased with size (10-19 mm, 4.6%; 
20-29 mm, 9.2%; ≥30 mm, 16.5%). However, lesion size does not 
have enough discriminant power to be used alone [8]. In fact, 
Matsuda et al [26] showed that small non-polypoid lesions are 
more likely to contain carcinoma and a deeper infiltration of 
the submucosa when compared to some larger polypoid lesions, 
such as homogeneous granular 0-IIa LSTs.

Location

Location is another important variable in predicting SMI 
and in therapeutic decision making. In the meta-analysis 
conducted by Bogie et al [22], SMI was more common distally, 
rather than when LST were proximal to the splenic flexure 
(odds ratio [OR] 2.50, 95% confidence interval [CI] 1.24-5.02). 
This finding is related to the type of LSTs more often found in 
the distal colon. In fact, the same authors found that pseudo-
depressed non-granular and nodular mixed granular LSTs, 
which have a higher risk of SMI, are more often located distally. 

Table 1 Risk of submucosal invasion according to Paris classification and size (adapted from [20]). Data were obtained from an endoscopy series 
with pathology confirmation including 19,560 lesions in the period April 1985 to April 2003. Values are given as % (n/n total)

      Size
Paris 
classification

<5 mm 6-10 mm 11-15 mm 16-20 mm >20 mm

0-I
0-Ip + 0-Is 0% (0/5400) 1.2% (49/4045) 8% (80/1002) 17% (58/330) 30% (56/187)

0-II
0-IIa + IIb
0-IIc

<0.1% (2/6214)
7% (17/236)

0.2% (2/1015)
44% (58/132)

1.8% (9/493)
67% (42/63)

10% (17/165)
90% (18/20)

23% (53/235)
87% (13/15)
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Figure 2 Nodular mixed granular lateral spreading tumor of the 
rectum

Burgess et al [25] also found that the frequency of SMI was 
significantly higher in LSTs located in the rectum or sigmoid 
colon (13.1%), when compared with more proximal lesions 
(5.2%; P<0.001). Within the serrated pathway, most carcinomas 
arise in the cecum or ascending colon, and approximately one-
third arise in the rectum [7].

Other gross morphological malignant features

Studies reporting on endoscopic criteria to stratify for the risk 
of SMI also identified other gross morphological features that 
correlate with SMI. In a prospective multicenter study including 
more than 2000 lesions >10  mm, Puig et al [14] found that 
non-lifting, chicken-skin sign (pale yellow-speckled mucosa), 
edge retraction, depressed areas, fold convergence, induration, 
ulceration, and polyp over polyp were all significantly associated 
with deep SMI (>1000 μm) (Fig. 3). Although these associations 
have been observed, the sensitivity of these features for 
diagnosing deep SMI seems to be low, ranging from 0.18-0.68, 
with specificity varying from 0.8-0.98 [24].

Image enhancing techniques

Examination of suspicious areas using white-light endoscopy 
should be complemented by the use of chromoendoscopy and/

or optical enhancement [15,27]. These techniques are useful in 
predicting histology, providing an “optical biopsy” [6].

Image-enhanced endoscopy, including dye-assisted 
conventional chromoendoscopy and virtual chromoendoscopy, 
with or without magnification, is continually evolving in order 
to improve mucosal visualization and enhance fine structural 
and microvascular details [15,16,24,28].

Dye-assisted chromoendoscopy using indigo carmine, 
with or without crystal violet, is the traditional method used 
to emphasize the surface pattern of the colonic mucosa. 
Equipment-based virtual chromoendoscopy has the advantage 
of being relatively easy and ready to use. There are 2 types of 
virtual chromoendoscopy: optical chromoendoscopy and 
digital chromoendoscopy [6,8,28]. Optical chromoendoscopy 
technologies use optical lenses to narrow the bandwidth 
of spectral transmittance, thereby unveiling the mucosal 
and submucosal blood vessels—e.g., narrow-band imaging 
(NBI) (Olympus Medical Systems, Tokyo, Japan). Digital 
chromoendoscopy technologies are based on the digital post-
processing of acquired images, resulting in enhanced tissue 
contrast—e.g., flexible spectral imaging color enhancement 
(FICE) (Fujinon Intelligent Chromo Endoscopy; Fujifilm, Tokyo, 
Japan) and i-Scan digital contrast (I-SCAN) (Pentax, Tokyo, 
Japan) [6,8,28]. More recently, an endoscopic system using laser 
as the light source has been developed (Blue Laser Imaging 
[BLI]; Fujifilm, Kanagawa, Japan). By using 2 monochromatic 
lasers, BLI allows the production of white-light images as well as 
NBI, enhancing surface and vascular structures [29].

Several classifications have been created to assist with 
lesion characterization when using image enhancement. 
For microvascular pattern evaluation, the NBI international 
colorectal endoscopic (NICE) classification and the Japanese 
NBI expert team (JNET) classification are the most widely 
disseminated, while the Kudo classification is the gold standard 
for pit pattern assessment using crystal violet [15,24].

The NICE classification, proposed in 2009 and internationally 
validated, is based on color, vessels and surface pattern of lesions 

Figure 1 Pseudo-depressed non-granular lateral spreading tumor of 
the transverse colon (A) and rectum (B)

BA

Figure 3 Examples of gross morphologic features associated with deep 
submucosal invasion, namely non-lifting sign (A), chicken-skin sign 
(B), depressed areas (C), and fold convergence (D)

A B

C D
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seen on non-magnifying endoscopy. It classifies colorectal 
neoplasms into 3 categories: type  1  -  hyperplastic lesions, 
type 2 - adenomas, and type 3 - invasive tumors (Fig. 4) [19,30].

The accuracy of the NICE classification for identifying 
lesions with deep invasion in routine clinical practice without 
magnification, by western endoscopists, was recently assessed 
by Puig et al [14]. They found this classification system to be 
effective, with a sensitivity of 58.4% and a specificity of 96.4%, 
a positive predictive value of 41.6%, and a negative predictive 
value of 98.1% for deep invasion. However, the authors stressed 
the importance of evaluating polyp morphology (pedunculated 
vs. non-pedunculated), the presence of ulceration, depressed 
areas or a granular LST nodular mixed-type morphology, 
along with the NICE classification, when evaluating colorectal 
lesions.

Virtual chromoendoscopy without magnification is enough 
for predicting or ruling out deep SMI in clinical practice for 
most lesions. However, magnifying virtual chromoendoscopy 
is needed to make an accurate diagnosis in nonulcerated NICE 
type 3 lesions or NICE type 2 lesions with depressed areas or of 
nodular mixed type. JNET classification [31] focuses on vessel 
and surface patterns assessed by magnification and maintains 
NICE types 1 and 3 but subdivides adenomatous lesions 
(NICE type 2) into type 2A, namely low-grade adenomas, and 
type 2B, associated with high-grade dysplasia and superficial 
SMI [8,28].

Kobayashi et al evaluated the diagnostic accuracy of the JNET 
classification using large-scale clinical practice data. Specificity, 
negative predictive value and accuracy were >90% for types 1, 
2B and 3, and a sensitivity and positive predictive value >90% 
were found for type  2A. Regarding type  2B lesions, although 
the classification was highly specific, there was low sensitivity 
for the diagnosis of high-grade intramucosal neoplasia/shallow 
submucosal invasive cancer (42%) [32]. As such, an additional 
technique, such as pit pattern assessment using chromo 
agents can be used to predict the depth of invasion in these 
lesions [15,32,33]. It has also been proposed that type 2B should 

be divided into 2 subtypes, type 2B-low and type 2B-high, based 
on the levels of irregularity in surface and vessel patterns [34], 
to help optimize treatment choices. Overall, JNET can be useful 
in clinical practice for the characterization of colorectal lesions 
of types 1, 2A and 3. However, one of the major pitfalls of this 
classification is the only fair sensitivity for the diagnosis of 
submucosal invasive cancer. Moreover, the JNET classification 
has yet to be prospectively and internationally validated. Both 
NICE and JNET classifications lack a sessile serrated lesion 
category. As sessile serrated lesions are frequently subtle and 
easily missed on casual inspection, and as the role of the serrated 
pathway becomes clearer, specific classifications of these lesions 
are important. A recent study has compared the accuracy of 3 
different classifications for evaluating serrated lesions: NICE 
and JNET combined with Workgroup serrAted polypS and 
Polyposis (WASP) (wNICE and wJNET, respectively), and the 
Modified Sano’s classification. The latter classification, which 
encompasses 5 categories, was considered to be the one that 
most accurately differentiates serrated and adenomatous 
polyps. According to the authors, the use of the Modified Sano’s 
classification is considered beneficial as it is a “all-encompassing 
single classification” [35].

Artificial intelligence (AI) in predicting deep SMI and LNM

AI is currently evolving in modern gastrointestinal 
endoscopic technology and clinical practice. As regards its use 
in the differentiation between non-invasive and superficially 
submucosal invasive neoplasms and deeply invasive cancer, 
some studies have been conducted with good results. AI white 
light systems have demonstrated high accuracy, sensitivity and 
specificity in predicting the feasibility of curative endoscopic 
resection of large colonic lesions [36,37]. Moreover, in another 
study by Kudo et al [38], an AI model was built and validated 
in order to identify T1 colorectal tumors at risk for metastasis 
to the lymph nodes. Thus, in the near future, AI technology 
will be able to assist endoscopists in determining a treatment 
strategy, and identifying patients requiring additional surgery 
after endoscopic resection of T1 CRC.

Histological features of T1 CRC

After endoscopic excision of an MP, pathology has a critical 
role in estimating the risk of both remnant disease in the bowel 
wall and LNM [18,39]. However, pathologists may underreport 
on necessary elements and this may lead to inaccurate tumor 
risk stratification and to the potential for under- or overtreating 
patients [10,11]. A correct and complete pathologic description 
of MP is crucial for appropriate management (Fig. 5).

Tumor differentiation

Tumor differentiation is a subjective parameter and there are 
several histological grading systems for CRC [9]. To reduce the 

Figure 4 Narrow-band imaging (NBI) of polyps. (A) Type 1 - 
hyperplastic polyp; (B) Type 2 - adenoma; (C) Type 3 - invasive tumor

C
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interobserver variability among pathologists, a 2-grade system 
(well/moderate differentiation vs. poor differentiation) was 
proposed [9,11] and adopted worldwide. Poor differentiation 
is an important high-risk feature in early CRC, with patients 
having higher rates of LNM and hematogenous metastases, 
and a significantly higher cancer-related mortality [5,8,9].

Margin of resection

The definition of a positive margin varies in the 
literature, ranging from tumor at cautery to a less than 2 mm 
margin [4,9,40]. Traditionally, the cutoff for a positive margin 
was set at 2 mm. However, over the years, scientific evidence has 
shown that the risk of residual disease or tumor recurrence was 
low when the free margin was ≥1 mm. In fact, Cooper et al [41] 
showed that the rate of recurrence was significantly higher 
when the resection margin was ≤1 mm compared to a margin 
of >1  mm. Based on these results, the authors suggested a 
1 mm margin cutoff.

More recently, there is some evidence suggesting that tumor 
at cautery might be an appropriate definition for a positive 
margin. In fact, Brown et al [39] showed that none of the MP 
with a margin between 0.1 and 1 mm had residual carcinoma 
in the resected surgical specimens. Berg et al [40] showed, in 
their cohort, that the presence of tumor at the cautery line 
carries a significantly higher risk of lymph node metastases 
when compared to a margin of greater than 0 mm, which had 
no risk of residual carcinoma and minimal risk of LNM.

This potential change in the positive margin cutoff would 
have a significant impact on the number of patients requiring 
surgery, since, in the absence of other histopathological risk 
features, surgery would only be performed when tumor is 
present at the margin of resection [40]. Brown et al further 
proposed that cases with positive margins might also be 

managed by additional local resection instead of surgery, in 
the absence of other risk factors [39]; this is also advocated 
by other authors [11]. Despite this new evidence, most 
current international recommendations still use ≤1 mm as the 
definition of margin involvement [9], with the possible risk of 
a higher rate of unnecessary major bowel surgery.

Extent of SMI

The level of SMI in both pedunculated and sessile polyps 
is important in predicting the outcome of an MP. Several 
methodologies have been identified to evaluate the extent of 
SMI in MP. The Haggitt classification is a 4-level system used 
to assess the level of invasion in pedunculated MP [42]. Levels 
1- 3 represent varying degrees of invasion into the polyp stalk, 
and level 4 corresponds to carcinoma invading the submucosa 
of underlying bowel wall below the polyp stalk, but above the 
muscularis propria. Haggitt reported in 1985 that patients 
with level 4 invasion were significantly more likely to have 
an adverse outcome [42]. Additionally, these polyps have a 
considerable risk of LNM [5]. Consequently, surgical resection 
is suggested for pedunculated MP which are Haggitt level 4. 
Kikuchi et al [43] proposed a 3-tiered system for sessile polyps, 
where sm 1, 2, and 3 represent invasion of cancer into the first, 
second and deepest thirds of the submucosa, respectively. 
In their study, this system showed a good correlation with 
lymph node metastatic risk (sm1 0%, sm2 5%, sm3 25%), later 
confirmed by other authors [44]. The Kikuchi and Haggitt 
systems may be difficult to use in clinical practice, since the 
received sample may be fragmented or suboptimally orientated 
on histological sections, and because the muscularis propria, 
needed if the classifications are to be used, is usually not 
included in local endoscopic excisions [11,44].

To bypass the limitations, an alternative based on 
quantitative parameters has been proposed. Ueno et al [45] 
suggested the use of the absolute depth of invasion, which 
can be obtained using an optical micrometer or digital slide 
software on scanned slides [8,44]. When the invasion depth is 
<1 mm, it is considered as “superficial SMI”, while an invasion 
depth of ≥1  mm is classified as “deep SMI”, which has been 
associated with a considerable risk of residual disease in the 
bowel wall or lymph nodes after endoscopic resection [8]. 
Accordingly, Choi et al [46] demonstrated in a recent meta-
analysis that there is a clear difference in the LNM rate between 
lesions with deep invasion and those with superficial invasion 
(OR 3.00, 95%CI 1.36-6.62). Hence, surgical resection was 
recommended for MP with an SMI greater than 1000 μm. 
However, several studies have shown that the absolute depth 
of SMI invasion has a relatively low predictive power for LNM, 
especially when compared with other established risk features; 
for this reason, guidelines like the NCCN 2021 opt not to use 
it [4,47].

Increasing evidence shows that the width and area of SMI 
may also be significant predictors of lymph node metastasis. 
Toh et al [48] demonstrated that an SMI width ≥11.5 mm or 
an invasion area ≥35 mm2 predicted the presence of LNM. 

Figure 5 A malignant polyp stained with hematoxylin & eosin 
(×25). Adenocarcinoma in tubulovillous adenoma, low grade, with 
deep submucosal invasion (>1000 µm), no evidence of lymphatic or 
vascular invasion, low score tumor budding, with more than 2 mm 
from tumor to cautery
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However, more data are needed to better assess the importance 
of these 2 factors.

Vascular and lymphatic Invasion

Vascular or lymphatic invasion have been associated with 
the risk of LNM in many studies. The 2 factors are frequently 
combined into a single factor called lymphovascular invasion. 
Nevertheless, lymphatic invasion seems to be a more powerful 
predictor of LNM compared to venous invasion [11,46]. Bosch 
et al [49] included 17 studies in their systematic review and 
meta-analysis, showing that lymphatic invasion was the most 
powerful predictor of LNM (relative risk [RR] 5.2, 95%CI 
4.0-6.8), with vascular invasion being a weaker predictor (RR 
2.2, 95%CI 1.4-3.2). The combination of the 2 factors was 
associated with an intermediate relative risk, which is less 
informative [46,49]. Therefore, lymphatic invasion and vascular 
invasion should be assessed and described as separate variables 
to better predict LNM and aid with therapeutic decisions.

Tumor budding

Tumor budding is defined as a single tumor cell or a cell 
cluster of up to 4 tumor cells at the advancing front of the 
tumor [50]. Several studies have demonstrated the prognostic 
value of tumor budding [45,46,49]. In pT1 tumors, high 
tumor budding is an independent predictor of LNM. Given 
its prognostic value, tumor budding should be included in 
CRC pathology reports. In a recent International Tumor 
Budding Consensus Conference, a 3-tier scoring system was 
proposed: low (0-4 buds), intermediate (5-9 buds) and high 
(≥10 buds) [50].

Currently, tumor budding reporting is recommended 
by the American Joint Committee on Cancer, the College of 
American Pathologists and the Royal College of Pathologists, 
although not as a core element by some of them, since the 
existing evidence regarding its significance in the western 
population is not yet considered sufficient [8,11]. Conversely, 
the Japanese Society for Cancer of the Colon and Rectum, in 
the 2019 guidelines for treatment of CRC, already recommends 
intestinal resection with lymph node dissection for MP with 
more than 5 tumor buds at the site of deepest invasion [3,51].

Management of malignant polyps

Ultimately, the definitive diagnosis of invasive 
adenocarcinoma in a polyp is established by histological 
examination of a specimen. However, with advances in modern 
endoscopy and the ability to perform optical diagnosis of T1 
CRC, the management of MP begins with accurate endoscopic 
assessment. The recognition of specific endoscopic features 
will be decisive in the identification of patients who need to 
be referred for direct surgery, and those whose polyps are 
amenable to endoscopic resection.

Still, MP are more commonly diagnosed by pathologists after 
endoscopic resection performed without any previous suspicion 
of malignancy. The subsequent management will depend on 
risk stratification, taking into account the possibility of residual 
malignant cells within the bowel wall, with risk of recurrence of 
the disease and the risk of LNM, together with the evaluation of the 
patient’s comorbidities and surgical risk. The decision to proceed 
to major surgery, consider local treatment or opt for endoscopic 
surveillance should be made using a multidisciplinary team 
approach, with input from gastroenterologists, pathologists, 
surgeons, oncologists and radiation oncologists, and should also 
involve the patient [6,8,12,18].

Management of MP based on endoscopic evaluation

Polyps with endoscopic features suggestive of deep SMI

As previously discussed, NICE classification type 3 or Kudo 
classification type  V (VN and VI) grades are highly specific 
for deep SMI [8]. Surface ulceration, stiffness of the lesion, 
fold convergence, deformity and rigidity are also predictive of 
deep SMI [18,51]. The management of polyps presenting with 
these features depends on their configuration. According to the 
latest recommendations of the US Multi-Society Task Force on 
Colorectal Cancer, the European Society of Gastrointestinal 
Endoscopy and the Japanese Society for Cancer of the Colon 
and Rectum [8,51,52], non-pedunculated polyps should be 
biopsied (in the portion of the lesion that demonstrates the 
most worrisome features), tattooed (2 cm distally to the lesion) 
and directly referred for surgery. A non-surgical approach can 
however be considered in case of polyps with Kudo pit pattern 
type  VI, where endoscopic submucosal dissection (ESD) is 
currently accepted [53].

Pedunculated polyps, on the other hand, although 
having features of deep SMI, can still undergo endoscopic 
polypectomy since the pedunculated morphology correlates 
with overall favorable histological findings [2,18]. Therefore, 
en bloc endoscopic snare resection is acceptable in these cases, 
taking into account that the snare must be located in close 
proximity to the bowel wall to increase the chance of obtaining 
a cancer-free resection margin [8,18,54]. Tattooing the site is 
still mandatory in these cases.

Polyps with endoscopic features suggestive of superficial SMI

Superficial SMI is associated with a very low risk of residual 
cancer in the bowel wall or lymph nodes after endoscopic 
resection. Consequently, lesions with features suggestive of 
such a level of invasion (namely pedunculated polyps, sessile 
polyps NICE classification type 1 or 2, LST-NG flat elevated, 
LST-NG pseudo depressed, or LST-G granular homogenous 
and LST-G with a dominant nodule without any deep invasion 
features) can be managed by endoscopic resection [8,51]. 
En bloc resection is preferred over piecemeal resection, as 
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histopathological assessment of complete excision is not 
possible and this will interfere with the prediction of LNM 
risk [6,12]. Moreover, piecemeal resection may also lead to 
high local recurrence rates (15-30%). In a systematic review 
and meta-analysis by Belderbos et al [55], evaluating local 
recurrence after endoscopic mucosal resection (EMR) of 
non-pedunculated colorectal lesions, the authors found that 
local recurrence occurred in 20% of piecemeal resections in 
comparison to 3% local recurrence following en bloc resections. 
They also showed, in multivariate analysis, that piecemeal 
resection was the only independent risk factor for recurrence.

Although en bloc resection is recommended for the 
resection of polyps for the reasons mentioned above, there 
are some lesions, such as sessile or flat lesions with more than 
20  mm diameter and favorable morphological and surface 
pit patterns (e.g., LST-G homogenous), that can be resected 
piecemeal, given their low risk of SMI [6]. Particular attention 
should be paid to LST-G with a dominant nodule. In these 
cases, the nodular area, which may contain malignant changes, 
should be resected en bloc, while the remaining lesion may be 
removed piecemeal [8,18].

Whenever piecemeal resection is used, snare tip soft 
coagulation of the lesion’s borders should be performed, 
as it significantly reduces the recurrence rate. In a recent 
multicenter randomized trial conducted by Klein et al, thermal 
ablation of the post-EMR mucosal defect margin resulted in 
a 4-fold reduction in adenoma recurrence at first surveillance 
colonoscopy [56].

There are several techniques for endoscopic resection and 
the choice should be made according to the type of polyp 
and local expertise. However, if en bloc endoscopic resection 
is beyond the skillset of the endoscopist, patients should be 
referred to centers with advanced endoscopic expertise [52].

Snare polypectomy

Snare polypectomy is considered adequate for en bloc 
resection of pedunculated lesions presenting with features 
suggestive of superficial SMI [6,18]. Snare polypectomy is 
considered curative when the histopathology report and 
margins are favorable [6]. To optimize the resection margin, 
the snare should be placed closer to the bowel wall than to 
the polyp’s head, particularly in case of large polyps. This 
positioning increases the chance of obtaining a cancer-free 
resection margin [54].

EMR

EMR was developed for removal of sessile polyps confined 
to the mucosa and submucosa. According to ESGE guidelines, 
to guarantee en bloc resection, EMR should be limited to lesions 
≤20  mm in the colon and ≤25  mm in the rectum [52]. The 
recent Japanese Society for Cancer of the Colon and Rectum 
guidelines for the treatment of CRC, also establishes 2  cm as 
the largest size of tumor that can be easily resected en bloc by 

EMR [51]. The largest study conducted to date to address EMR 
for early CRC reported very low rates of recurrence (0.8%) [57].

ESD

Colorectal ESD is a technique that offers the possibility 
of en bloc resection of larger lesions (>20  mm), and of non-
granular LST, Kudo VI pit pattern, non-lifting neoplasia, large 
depressed-type tumors, and carcinomas with shallow T1 (SM) 
invasion [53,58]. Moreover, ESD has been included in the 
Japanese 2019 guidelines for the treatment of CRC [51], being 
mainly indicated for large tumors, especially early cancers, that 
cannot be resected by en bloc EMR.

The method consists of lifting the submucosa by local 
injection, followed by submucosal dissection underneath 
the lesion using a special knife, to yield an en bloc specimen. 
The technique has obvious advantages in the treatment of 
MP. Outcomes of colorectal ESD have been described in the 
literature. In a Japanese multicenter, prospective study by Saito 
et al [59], the results of 1111 colorectal ESD were reported. The 
investigators reported en bloc and curative resection rates of 
88% and 89%, respectively.

However, colorectal ESD is technically difficult to perform 
and has a long learning curve. Training is also essential to 
prevent complications, namely perforations. Even in expert 
hands, ESD perforation rates may be as high as 5%, while 
bleeding occurs in 1.5-2.2% of cases [60]. More recently, with the 
development of ESD devices and the progressive establishment 
of ESD as a therapeutic strategy, perforation rates have been 
decreasing significantly, from 5% to 1.9% in recent years, 
particularly in Asian countries [59]. Although there is still a big 
difference between the Eastern and Western hemispheres in 
what concerns ESD development and implementation in daily 
practice, experience with ESD is accumulating in the West [6]. 
By enabling en bloc resection of selected early CRCs, ESD 
offers high rates of curative resection, obviating the need for 
surgery and subsequently lowering overall costs and improving 
morbimortality [60].

Endoscopic full-thickness resection (EFTR)

EFTR is a novel treatment for colorectal lesions not 
amenable to conventional endoscopic resection (e.g., EMR 
and ESD) because of the inherent risks of perforation and the 
technical difficulty [61]. The full-thickness resection device 
(FTRD) allows clip-assisted EFTR with a single-step technique. 
It is effective in the resection of difficult to-resect colorectal 
lesions ≤2  cm, namely lesions with no-lifting sign (either 
recurrent lesions or previously untreated lesions), or at difficult 
anatomic locations (such as lesions at a diverticulum and at the 
appendiceal orifice) [62,63].

In the studies published to date, FTRD was also used 
to treat a subgroup of patients with early carcinomas. 
A  recent multicenter, retrospective study conducted by 
Kuellmer et al [64], evaluated the efficacy, safety, and clinical 
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value of EFTR for early CRC. One hundred fifty-six patients 
were involved, the main indications being incompletely 
resected malignant polyps and non-lifting malignant colorectal 
lesions without prior attempt at resection. Technical success 
was 92.3%, with an R0 resection rate of 71.8%, this being 
significantly inferior in the group of non-lifting lesions (60.9%) 
in comparison to the groups with repeat resection of MP 
(87.5%). Based on their results, the authors consider that EFTR 
for early CRC is a feasible, effective and safe technique. It allows 
exact histological risk stratification and can avoid surgery for 
low-risk lesions. Nevertheless, prospective studies are required 
to further define indications for EFTR in malignant colorectal 
lesions and to evaluate long-term outcomes.

Management of MP after endoscopic resection

As previously stated, the most common scenario regarding 
MP is a patient presenting for evaluation after a resected 
polyp, thought to have a benign appearance on endoscopy, 
is found to have an invasive focus of adenocarcinoma in the 
final pathology report. The management of MP following 
endoscopic removal is difficult, since it depends on both the 
risk of residual or recurrent disease and of LNM, and the 
patients’ surgical risk [2,6,65].

Based on the morphological, endoscopic and histological 
prognostic features detailed previously, MP should be stratified 
into high- and low-risk polyps. Generally, high-risk polyps are 
further submitted to major surgical resection, whereas low-risk 
polyps are managed adequately with appropriate surveillance. 
In cases where the risk of residual cancer and the risk of 
surgical mortality is similar, patients’ opinions are even more 
important. The recommendations of the US Multi-Society 
Task Force on Colorectal Cancer for the management of MP 
emphasize shared decision-making, since the overall mortality 
after colon cancer surgery is 1-8% and correlates with patient 
age and comorbidities [8].

For convenience, polyps of the colon and rectum are 
considered together in the literature. However, there are 
differences between the 2 sites regarding the availability of 
techniques to locally excise the polyps, the possibility of using 
radiotherapy, and the surgical morbimortality. In the present 
review, we will differentiate between the management of MP 
located in the colon or the rectum, following endoscopic 
resection. Another important difference that should be taken 
into account in the management of MP is polyp morphology, 
since the risk of incomplete endoscopic resection and LNM 
is much lower in pedunculated than in non-pedunculated T1 
CRC [66].

MP of the colon

Patients with MP of the colon with high-risk features—
namely poor differentiation, presence of lymphovascular 
invasion, deep SMI (>1  mm), positive margin, piecemeal 
resection or tumor budding—are usually recommended 

to undergo surgical resection with lymph node clearance, 
if medically fit [2,6,8,12,65]. Regarding pedunculated MP, 
Backes et al [66] found that lymphovascular invasion, Haggitt 
level 4 invasion, muscularis mucosae type  B (incompletely 
or completely disrupted), poorly differentiated clusters and 
tumor budding, were the histologic factors indicating the 
need for surgery. Based on these findings, they developed a 
prediction model to better estimate the indication for surgery 
in pedunculated T1 CRC.

Nevertheless, it is worth saying that, even in high-risk MP, 
a high proportion of patients do not have evidence of residual 
disease in the bowel wall, nor in the draining lymph nodes. In 
the Brisbane series of 239 MP, 140 were submitted to subsequent 
surgical resection because of the presence of high-risk features. 
Pathological analysis of the resected specimens revealed the 
presence of residual disease in 20  cases (8.4%), including 
12 cases of nodal metastasis and 9 cases of residual carcinoma 
in the large bowel wall [39]. Based on their results, the authors 
suggest that surgical resection should be recommended only 
if 2 or more adverse histological features are present (risk of 
nodal metastasis: 23.3%). In cases where only one risk feature is 
present, the authors estimated a 4.5% risk of nodal metastasis, 
thus suggesting that the surgical option should be weighed 
against the patients’ comorbidities, also taking into account 
tumor location.

On the other hand, when an MP of the colon is considered to 
be a low-risk polyp, with none of the poor prognostic features, 
endoscopic resection is considered curative [4,6,12,65]. 
The patient is therefore included in a surveillance program, 
undergoing regular colonoscopies to detect early recurrence 
and minimize the risk of metachronous disease. Currently, 
there is no consensus regarding the timing for endoscopic 
follow up, since evidence is limited [4,9]. Most authors 
suggest that the first surveillance colonoscopy be performed 
3-6  months after endoscopic removal of the MP, with the 
subsequent evaluations being scheduled according to risk and 
findings [6,8,12,21,65].

Radiological assessment of residual bowel wall disease, 
lymph node and distant metastasis is controversial in the case 
of colonic MP. As the sensitivity and specificity of computed 
tomography (CT) scanning is considered insufficient for the 
detection of residual disease in the bowel wall or lymph nodes 
after endoscopic resection of MP, it should not be used for 
surgical decision making. For the same reasons, radiological 
surveillance is not recommended [6,9,18]. However, the 
position statement of the Association of Coloproctology of 
Great Britain and Ireland recommends a baseline abdominal 
pelvic and chest CT scan 3-4  weeks following endoscopic 
resection [6]. The objective of this CT is to have a baseline 
comparator for subsequent evaluation in case of future 
suspected recurrent disease.

MP of the rectum

Decisions regarding the management of rectal MP are 
particularly challenging. On the one hand, rectal cancers 
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harbor a higher risk of local recurrence compared to colonic 
cancers, independently of stage. On the other hand, the 
morbidity of rectal surgery is higher than that of colonic 
surgery, and includes the possibility of developing sexual 
dysfunction, urinary disturbances and low anterior rectal 
syndrome [6,18]. Moreover, for very low rectal lesions, 
the appropriate oncological surgery implies a permanent 
colostomy. The risk of residual disease and LNM should, 
therefore, be even more thoroughly weighed against the risks 
of surgery when determining the management of rectal MP 
following endoscopic resection.

Regarding rectal MP without poor prognostic features after 
en bloc endoscopic resection, surveillance is recommended, as 
for colonic MP. In these cases, no further imaging assessment 
is recommended, nor imaging surveillance. Patients with rectal 
MP presenting with criteria of a non-curative endoscopic 
resection—fragmented specimen or unfavorable histological 
features like third submucosal layer (sm3) invasion, positive 
margin, poorly differentiated, lymphovascular invasion—
should be referred for definitive treatment, which encompasses 
major surgery in the majority of cases [47,67]. Before surgery, 
distant and local staging should be performed, and should 
include a chest CT, an abdominal CT or magnetic resonance 
imaging (MRI) and a pelvic MRI or, if MRI is contraindicated, 
pelvic CT plus endorectal ultrasound [47].

Regarding the surgical procedure, different strategies are 
recommended, namely abdominoperineal resection or low 
anterior resection, with total mesorectal excision, depending 
on the distal margin of the tumor. Transanal local excision 
can also be considered, as an alternative to radical surgery, for 
patients with a high surgical risk, and always after discussion 
with the patient. Transanal local excision, which includes 
traditional transanal excision, and more advanced techniques 
(transanal endoscopic microsurgery and transanal minimally 
invasive surgery), allows for en bloc local excision of rectal 
tumors, without compromising anorectal function. Morbidity 
is therefore substantial lower [21,47]. However, since lymph 
node resection is not performed, oncological outcomes may 
be compromised in patients with high-risk MP [68]. The only 
scenario where local excision using transanal surgery may be a 
safe option is when a rectal MP presents with an inadequately 
clear margin after endoscopic resection, but without any other 
risk features [12].

Another possible approach in the management of low rectal 
MP presenting with high-risk features after endoscopic resection 
is the use of chemoradiotherapy, followed by re-staging, with 
the aim of using a “watch-and-wait” (W&W) strategy. In their 
most recent guidelines, both the European Society for Medical 
Oncology and the National Comprehensive Cancer Network 
(NCCN) consider the W&W approach for rectal cancer [47,67]. 
This strategy is indicated for the treatment of locally advanced 
rectal cancer and consists of omitting surgery after 
chemoradiation when a complete clinical response is achieved. 
The patient is then integrated into a strict surveillance program, 
with surgery being performed in case of tumor regrowth [47]. 
Despite promising results, with good oncological outcomes, 
available evidence is still considered by many societies to be 

insufficient and not robust enough to support W&W as the 
standard approach in clinical practice [47,67,69]. Nevertheless, 
the NCCN guidelines, for instance, consider W&W protocols 
may be used in centers with experienced multidisciplinary 
teams and after careful discussion with the patients [47]. 
Regarding W&W in the management of low rectal MP with 
high-risk features, aiming for organ preservation, limited data 
are available. The few studies that have included patients with 
early-stage tumors [69] provide interesting results, favoring 
the use of chemoradiation followed by surveillance in these 
patients. The currently ongoing STAR-TREC trial will bring 
new evidence regarding this issue [70].

Concluding remarks

MP are increasingly found along with the widespread use 
of colonoscopy. Careful endoscopic inspection of colorectal 
polyps is essential to distinguish between MP amenable for 
endoscopic resection and those requiring major oncological 
surgery. Endoscopists should be capable of performing 
an optical diagnosis through the use of image enhancing 
techniques and should have a profound knowledge about the 
endoscopic resection techniques best suited for each type 
of polyp. Pathological reports are then essential for further 
management of MP. The presence of high-risk features (positive 
margin, deep SMI (>1 mm), poorly differentiated carcinoma, 
lymphovascular invasion, tumor budding and piecemeal 
resection) indicates a need for surgery in the majority of cases, 
although location, comorbidities and patient preference should 
be taken into account when making the final decision.
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