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1.1	 �Introduction

Intestinal polyps are projections from the mucosal surface that bulge into the vis-
ceral lumen and they are classified on the basis of their clinico-pathological quali-
ties (i.e., neoplastic versus non-neoplastic) (Table 1.1) and/or their histopathological 
characteristics (Table 1.2). Adenomas are recognized as the precursor lesions for 
colorectal carcinoma [1]. Endoscopically, any superficial intestinal lesion may be 
described as follows: polypoid type (pedunculated, sessile, semi-pedunculated 
lesions), non-polypoid type (slightly elevated, flat, slightly depressed lesions) [2, 3].

Table 1.1  Clinico-
pathological classification 
of polyps

Neoplastic mucosal polyps
Benign (adenoma)
Tubular adenoma
Tubulovillous adenoma
Villous adenoma
Malignant (carcinoma)
Noninvasive carcinoma
� �   Carcinoma in situ
 �   Intramucosal carcinoma
Invasive carcinoma (through muscularis mucosae)
Non-neoplastic mucosal polyps
Hyperplastic polyp (including serrated polyps)
Mucosal polyp (normal mucosa in a polypoid configuration)
Juvenile polyp (retention polyp)
Peutz–Jeghers polyp
Inflammatory polyp
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Table 1.2  Histopathological 
classification of polyps

Epithelial
Conventional adenoma
Tubular adenoma
Tubulovillous adenoma
Villous adenoma
Flat adenoma
Serrated polyps
Hyperplastic
Sessile serrated adenoma
Mixed polyps
Traditional serrated adenoma
Polypoid adenocarcinoma
Inflammatory
Mucosal prolapse-associated polyps
Inflammatory pseudo-polyp
Polypoid granulation tissue
Infection associated polyp
Hamartomatous
Peutz–Jeghers polyp
Juvenile polyp
Cowden syndrome
Cronkite Canada syndrome
Stromal
Inflammatory fibroid polyp
Fibroblastic polyp
Schwann cell neurilemmoma
Ganglioneuroma
Leiomyoma
Lipoma
Lipohyperplasia of ileo-cecal valve
Gastrointestinal stromal tumor
Neurofibroma
Granular cell tumor
Lymphoid
Prominent lymphoid follicle
Lymphomatous polyposis
Endocrine
Differentiated endocrine tumor
Other
Prominent mucosal fold
Everted appendiceal stump
Elastotic polyp
Endometriosis
Mucosa xanthoma
Melanoma/clear cell sarcoma
Metastasis
Malignant (carcinoma)
Noninvasive carcinoma
 �   Carcinoma in situ
 �   Intramucosal carcinoma
Invasive carcinoma (through muscularis mucosae)
Non-neoplastic mucosal polyps
Hyperplastic polyp (including serrated polyps)
Mucosal polyp (normal mucosa in a polypoid configuration)
Juvenile polyp (retention polyp)
Peutz–Jeghers polyp
Inflammatory polyp

R. Cannizzaro et al.



3

Recently, it has been recognized that some hyperplastic lesions, with serrated 
morphology, can exhibit a significant risk of neoplastic progression, through the 
so-called serrated pathway [1].

1.2	 �Histological features of adenoma

1.2.1	 �Adenoma

Adenomatous polyps contain epithelial neoplasia account for approximately 10% 
of polyps [2, 4].

From a histological point of view, three types of adenomas are defined: tubular 
adenomas, villous adenomas, tubulovillous adenomas depending on their predomi-
nant glandular pattern [5]. The difference between tubular and tubulovillous adeno-
mas depends on the percentage of volume of adenoma that is villous (20% in 
tubulovillous, 80% in villous) [2]. Tubular adenomas are small and present mild 
dysplasia whereas large adenomas often exhibit villous architecture and are associ-
ated with more severe degree of dysplasia [5]. The highest morbidity and mortality 
rates are associated with villous adenomas.

1.3	 �Adenoma Size

Adenomas can be classified by size in three classes: diminutive (1–5 mm diameter); 
small [6, 9], to and large (more than 10 mm) [4]. Size and histology of adenomas 
correlate with the risk of progression to carcinoma.

Adenomas of 10 mm of diameter or more are considered advanced, instead ade-
nomas which are less than 1 cm are considered advanced when contain more at least 
25% villous features, high grade dysplasia or carcinoma [4]. Diminutive polyps are 
commonly encountered during endoscopy and less than 1% of them are villous or 
contain a focus of high grade dysplasia.

1.4	 �Adenoma Carcinoma Sequence

Molecular studies have reported that several signaling pathways are involved in the 
carcinogenesis of Colorectal Cancer (CRC) [6, 7]. Molecular complexity can 
explain the morphological heterogeneity of CRC, in terms of site, grade, and type of 
the tumor [6, 8, 9]. Studies have centered on genetic changes of the three main cat-
egories of genes: (1) Tumor suppressor genes (TSG), such as APC, DCC, TP53, 
SMAD2, SMAD4, and p16INK4α; (2) protooncogenes, such as K-ras, N-ras, and 
(3) DNA repair genes, such as MMR and MUTYH [10–12]. The first elucidated is 
suppressor or chromosomal instability, the classical pathway recognized in the 
Fearon and Vogelstein genetic model [6, 10, 13]. It includes FAP tumors and 80% 
of sporadic colorectal carcinomas. This model proposes that mutations in concrete 
genes, in particular TSGs, cause the histopathological sequence of the progression 
of CRC [10]. Changes start with the mutation or loss of APC gene, followed by 
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KRAS mutations, TP53 and DCC mutations [10]. 70–80% of colorectal tumors 
present APC gene mutations, instead K-ras mutations are found in 40% of tumors 
[10, 14–16]. The Fearon–Vogelstein model is even now considered valid for illus-
trating the concept of multiple steps of tumor progression. The sequences of pro-
posed changes are the result of a statistical analysis so not all individuals have to 
show all of the changes [10].

The second elucidated pathway is the mutating or microsatellite instability (MIN) 
pathway that is responsible for the development of hypermutating carcinomas [6]. It 
includes the Lynch syndrome tumors and approximately 15% of sporadic tumors 
[10]. Lynch syndrome is caused by a mutation in one of the genes encoding proteins 
involved in mismatch repair (MMR) [6, 17]. Mutation on MMR genes provoke 
genomic instability that leads to hypermutator phenotype known as microsatellite 
instability determining an accelerated progression to carcinoma [10, 18].

The third, alternative, mechanism of carcinogenesis has been described as an 
epigenetic process. A frequently encountered mechanism responsible for silencing 
of TSGs is the hypermethylation of gene promoter associated CpG Island (CIMP), 
involved in the regulation of transcription [6, 19]. These epigenetic changes create 
instability in the genes as a result of the inactivation of TGS or MSI or CIN repair 
genes. The causes that activate the hypermethylation process are not clear. 
Environmental factors that could be involved are lesion due to chemotherapeutic 
agents, the ingestion of folates but the reasons or genetics that regulate this phenom-
enon are not well known [10, 20].

1.5	 �Serrated Lesions

Serrated polyps are defined as epithelial lesions with a serrated or “saw-toothed 
appearance” on histologic section due to infolding of crypt epithelium [21]. 
Serrated lesions vary from hyperplastic polyps (HP), sessile serrated adenomas 
(SSAs), dysplastic serrated polyps (traditional serrated polyps), or mixed lesion/
polyps [2, 21].

1.5.1	 �Hyperplastic Polyps

HPs are highly prevalent diminutive sessile polyps that occur in the distal part of 
the colon and rectum. HPs are also the most frequent serrated polyps (80–90%) 
and they represent the 29–40% of all the polyps [22]. They usually have a diam-
eter less than 5  mm and microscopically they exhibit distinct surface patterns. 
They show elongated crypts with serrated architecture in the upper half part of 
crypts or sometimes in the upper third and on the surface of the crypts leading to 
an irregular distension and a serration in the upper half of crypts [1, 21]. These 
surface patterns correspond to the histological subtypes: microvesicular serrated 
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polyps (MVSPs), goblet cell serrated polyps (GCSPs), and mucin poor type (very 
rare) [1, 21]. Nuclei, in cells of the basal part are small, uniform, and basally ori-
ented and nuclei in the upper part of the crypts are not crowed and there is no 
hyperchromasia [1, 2].

There is no cytologic dysplasia or intraepithelial neoplasia, no structural or 
architectural changes [1]. The two different histological subtypes differ also in 
molecular profiles. MVSPs show BRAF mutation and an increased level of suscep-
tibility to aberrant methylation at promoter regions. GCSPs show KRAS mutation 
which is not shown in SSAs but there is some evidence that large GCSPs can prog-
ress to SSAs. So classifying HPs has no clinical importance [21].

Recently, it has been discovered that HPs could possess some malignant poten-
tial in the setting of hyperplasic polyposis syndrome. Patients presenting hyperplas-
tic polyposis syndrome present: five or more serrated polyps proximal to the sigmoid 
colon with two or more larger than 10 mm in diameter; a total of more than 20 
polyps, or a serrated polyp proximal to the sigmoid colon and a first-degree relative 
with the syndrome [23, 24]. The risk of malignant progression for most of the small 
distally located HPs in the colorectum is very low [1]. Polyps larger than 10 mm, 
instead, should be removed because some studies demonstrated that they could have 
malignant potential [1].

1.5.2	 �Sessile Serrated Adenomas

Sessile serrated polyps are heterogeneous lesions usually found in proximal colon 
(75%). They are less common than HP and have been suggested to account around 
15–25% of all serrated polyps and 1.7–9% of all polyps [22]. SSAs are character-
ized by hyperserrations with rectangular dilatation of the whole crypts with or with-
out the presence of mucus, T and L branching at the crypt base, and pseudoinvasion 
into the mucosal layer. Distortion in the bases of the colonic crypts is often present 
with an increased number of goblet cells, slightly enlarged vesicular nuclei with 
prominent nucleoli, and proliferation zone in the middle third of the crypts [1, 2, 4].

SSAs often produce excessive extracellular mucin, and stain positively for 
MUC5AC and MUC2 which are present in the surface of the polyp [22].

Endoscopically, SSAs appear as flat, sessile, or slightly elevated lesions, mal-
leable, and often covered by a thin layer of yellowish mucus and usually they are 
larger than 5 mm in diameter [1, 21].

Their surface is generally smooth or granular and often their borders are irregular 
and poorly defined [21].

SSAs have two defining molecular genetic characteristics that indicate their rela-
tionship to MVSPs and to sporadic colon rectal cancer with high levels of microsat-
ellite instability (MSI-H), namely BRAF-mut and high levels of CpG island 
methylation [21, 25, 26]. However, some contradictory studies highlight that they 
differ for anatomical distribution.
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1.5.3	 �Dysplastic Serrated Polyps

Dysplastic serrated polyps are less common than conventional adenomas or HP, 
accounting for only 1–2% of all polyps [21]. Dysplastic serrated polyps show neo-
plastic crypts with serrated structures [2].

They share histological features as serrated gland component and the presence 
of eosinophilic dysplastic epithelium [2, 21]. Dysplastic serrated polyps can also 
be divided into two categories: SSA with dysplasia (SSAD) and traditional ser-
rated adenoma (TSA). SSADs exhibit inverted T L shaped crypt bases, crypt 
branching and dilatation, presence of mature goblet cells in the crypt base or they 
show SSA characteristic next to an area of serrated or conventional dysplasia 
[21]. TSAs, instead, resemble conventional adenomas [21]. TSAs usually locate 
in the distal colon, and present a cytoplasmic eosinophilia and tubulovillous 
architectures [21].

Most SSADs present BRAF mutation. TSAs, instead, are more frequently asso-
ciated with KRAS-mutation and likely give rise to microsatellite stable (MSS) can-
cer through hypermethylation of DNA repair gene MGMT [22]. Dysplasia is found 
in SSAs that present hyper-methylation of various genes (CIMP) including p16 and 
MLH1 resulting in early invasive cancer, more aggressive than conventional ade-
noma of proximal colon [22].

Several studies have put light on the fact that SSADs are at greater risk of pro-
gression to colorectal cancer than TSAs, marking the necessity of an adequate sur-
veillance [21]. Dysplasia is a necessary step for progression to malignancy [21]. 
High grade dysplasia or intramucosal carcinomas have been found in KRAS-mut 
TSAs [21, 27]. The combination of serrated pathway features like CpG island meth-
ylation and the characteristics of the conventional pathway like chromosomal dele-
tion and p53 mutation have been called “fusion pathway polyps” [21, 26, 28].

1.5.4	 �Mixed Polyps

The World Health Organization defined mixed polyps lesions which have a 
combination of hyperplastic, classical adenomatous or TSA or sessile serrated 
lesion components with different grades of intraepithelial neoplasia [1, 2]. The 
mixed polyps can contain components of SSA and TSA, SSA and conventional 
adenomas, TSA and conventional adenoma, and rarely HP and conventional 
adenoma [1]. The different histopathological type must be indicated in the 
diagnosis [2].

1.6	 �Mucosal Polyps

Mucosal polyps are small polyps where the submucosa has elevated the normal 
tissue. They have no clinical significance [3].
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1.7	 �Juvenile Polyps

Juvenile polyps are solitary, spherical polyps that usually are located in the rectum 
of children [2, 3]. They show an excess of lamina propria and have cystic dilated 
glands [2]. In juvenile polyps, neoplasia is rare but they often show hyperplasia [2]. 
They are also known as retention polyps for the distended, mucus-filled glands, 
inflammatory cells, and edematous lamina propria [3, 29].

1.8	 �Peutz-Jeghers’s polyps

Peutz–Jeghers polyps are usually present in Peutz–Jeghers syndrome and rarely as 
single polyps [2]. Polyps have a very organized structure consisting in a central core 
smooth muscle with conspicuous branching covered by hyperplastic colorectal 
mucosa [2].

Differently from juvenile polyps, in Peutz–Jeghers polyps the lamina propria is 
normal and the abnormal muscle tissue confer the characteristic architecture of the 
lesion [3].

1.9	 �Inflammatory Polyps

Inflammatory polyps are associated with inflammatory bowel disease, diverticulo-
sis, and mucosal prolapse [2]. Inflammatory polyps are thought to originate after 
mucosal inflammation with full thickness ulceration and tissue regeneration [30]. 
Inflammatory polyps might represent island of inflamed edematous mucosa with 
granulation tissue in the middle of mucosal ulceration [30]. These polyps have no 
intrinsic neoplastic potential, but they often appear in diseased colons that are at 
high risk to develop colon cancer [30].

1.10	 �Malignant Polyps

Malignant polyps are adenomatous growth containing transformed cells that have 
invaded the submucosa [31]. Such malignant polyps are found in 0.2–9% of endo-
scopically removed adenomatous polyps [32].

Higher rates of malignancy have been reported in villous adenomas (10–18%) 
compared with tubulovillous (6–8%) and tubular (2–3%) types [33].

Endoscopically, the presence of depressed ulceration, irregular contour, defor-
mity, a short and immobile stalk, and the inability to elevate sessile polyp upon 
submucosa bleb formation must put in alert endoscopist [31].

The diagnosis of malignancy is ultimately histological [31]. There are several histo-
logical features which have been suggested to associate with higher probability of resid-
ual disease or recurrent carcinoma [32, 33]. The diagnosis and the oncological risk are 
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defined by these elements: histological grade, lymphovascular invasion, tumor budding, 
margin of resection, and microstadiation [33]. There are four different levels of tumor 
differentiation from G1 (well differentiated) to G4 (undifferentiated). For therapeutic pur-
poses, these levels are further divided into low-grade malignant polyps (G1 and G2) and 
high-grade malignant polyps (G3 and G4) [34]. Lymphatic invasion by cancer is defined 
as tumor cells visible within a true endothelial channel in absence of erythrocytes [33]. 
CD31 or CD34 marker could help in assessing vascular invasion especially if there are 
fixation artifacts in paraffin sections [33]. Tumor budding describes the presence of iso-
lated single cancer cells or small cluster of cancer cells (less than 5 cells) at the advancing 
edge of the tumor [33, 34]. Tumors are positive for budding if they present five or more 
buds per 20 power fields [33]. There is increasing evidence that the presence of tumor 
budding reflects clinical aggressiveness of colon cancer and it is associated with lymph 
node metastasis and other adverse outcomes [33, 35]. Ensuring a histologically assessed 
resection margin free of cancer is very important. Cancer cells present near (less than a 
1 mm) the resection margin or within diathermocoagulation line on histological examina-
tion increase the risk for an adverse outcome [33, 34]. Finally, microstadiation permits to 
recognize lesions of different metastatic potential. Histologically, polyps are classified by 
different factors but probably the most important characteristic is the depth of invasion 
[35]. There are two schemes to evaluate tumor invasion: Haggitt and Kikuchi scheme. 
Haggitt classification system for pedunculated and sessile polyps is an important prog-
nostic factor. Pedunculated polyps can be classified as level 0–4.

•	 Level 0 suggests that cancer cells are restricted to the mucosa and do not enter 
the muscularis mucosae [35, 36].

•	 Levels 1 indicates cancer cells invading into the submucosa but limited to the 
head of the polyps [33, 35, 36].

•	 Level 2 is present when carcinoma invades the level of the neck (the junction of 
the head and stalk) [33, 35, 36].

•	 Level 3 signifies that cancer cells invade any part of the stalk [33, 35, 36].
•	 Level 4 indicates that cancer cells invade into the submucosa of the bowel wall 

below the stalk but above the muscularis propria of the polyps [33, 35, 36].

Sessile adenomas with any degree of invasion that give rise to invasive cancer are 
defined as level 4 [33, 35, 36].

The submucosal invasion of adenocarcinoma in sessile polyps was further clas-
sified by Kudo [37] and Kikuchi [38]. They classified submucosal invasion into 
three levels: Sm1 in case of invasion of the upper third of submucosa; Sm2 invasion 
into the middle third of the mucosa; Sm3 invasion into the lower third of the mucosa 
[35]. Kikuchi and colleagues further modified the classification deepening Sm1 
classification: SM1a less than a quarter of the width of the tumor invading the sub-
mucosa; SM1b between a quarter and a half of the width of the tumor invading the 
submucosa; SM1c more than a half of the width of the tumor invading the submu-
cosa [33]. This classification is difficult to use if histological samples do not include 
a significant portion of the submucosa or some of the muscularis propria [35] 
(Fig.  1.1). On the basis of these criteria it is possible to differentiate malignant 
polyps at high or low grade of metastasis risk (Table 1.3).
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Fig. 1.1  (a) Macroscopic appearance of tubular adenoma; (b) macroscopic appearance of polyp-
oid sessile adenocarcinoma in tubular adenoma; (c) macroscopic appearance of pedunculated lipo-
matous polypoid lesion with lobulated yellow cut surface; (d) macroscopic appearance of residual 
mucosa after polyp endoscopic removal; (e) histological features of tubulovillous pedunculated 
adenoma; (f) low-grade epithelial dysplasia in adenomatous polyp; (g) malignant polyps: adeno-
carcinoma in tubular adenoma. The malignant neoplastic proliferation invades the upper third of 
submucosa; (h) micrometric evaluation of distance of neoplastic cells from the resection margin
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