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In addition to the adenoma to carcinoma sequence, colo-
rectal carcinogenesis can occur via the serrated pathway.
Studies have focused on clarification of categories and mo-
lecular features of serrated polyps, as well as endoscopic
detection and risk assessment. Guidelines from the World
Health Organization propose assigning serrated polyps to
categories of hyperplastic polyps, traditional serrated ade-
nomas, and sessile serrated lesions (SSLs). Traditional
serrated adenomas and SSLs are precursors to colorectal
cancer. The serrated pathway is characterized by mutations
in RAS and RAF, disruptions to the Wnt signaling pathway,
and widespread methylation of CpG islands. Epidemiology
studies of serrated polyps have been hampered by in-
consistencies in terminology and reporting, but the preva-
lence of serrated class polyps is 20%-40% in average-risk
individuals; most serrated polyps detected are hyperplastic.
SSLs, the most common premalignant serrated subtype, and
are found in up to 15% of average-risk patients by high-
detecting endoscopists. Variations in rate of endoscopic
detection of serrated polyps indicate the need for careful
examination, with adequate bowel preparation and suffi-
cient withdrawal times. Risk factors for SSLs include white
race, family history of colorectal cancer, smoking, and
alcohol intake. Patients with serrated polyps, particularly
SSLs and traditional serrated adenomas, have an increased
risk of synchronous and metachronous advanced neoplasia.
Surveillance guidelines vary among countries, but SSLs and
proximal hyperplastic polyps require special attention in
assignment of surveillance interval—especially in light of
concerns regarding incomplete detection and resection.
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pproximately 25% of sporadic colorectal cancers

(CRCs) arise via serrated precursor lesions, but this
was not always well recognized. Before 2010, neoplastic
serrated lesions were not well detected by endoscopists and
were generally interpreted as harmless hyperplastic polyps
(HPs) by pathologists, despite histologic evidence for pro-
gression in rare cases.”” There is still a great deal of
misunderstanding surrounding serrated polyps with respect
to terminology, classification, and risk assessment. In part,
this is due to confusing nomenclature, varied and changing
pathology criteria, and uncertainties about prognosis.
Additionally, knowledge about the importance of serrated

neoplasia in CRC prevention has been disseminated rela-
tively slowly to pathologists and gastroenterologists.
Serrated polyps is an umbrella term that encompasses
HPs, sessile serrated lesions (SSLs), and traditional serrated
adenomas (TSAs) (Figure 14). HPs are the most common,
comprising approximately 75% all serrated polyps. SSLs
(previously called sessile serrated adenomas or sessile
serrated polyps) account for approximately 25% of serrated
polyps. In general, SSLs are characterized by a larger size
(Supplementary Figure 14), location in the proximal colon,
and a distinct endoscopic appearance compared with HPs.
TSAs are the least-common type of serrated polyp, and are
typically polypoid lesions found in the distal colorectum. SSLs
and TSAs are each considered precursor lesions for CRC.?
We review what we have learned about serrated lesions,
the recently updated World Health Organization (WHO)
criteria for management of serrated neoplasias, and their
molecular features. We discuss the epidemiology of serrated
polyps, detection of premalignant serrated polyps by various
CRC screening tests (particularly SSLs), and surveillance
recommendations for patients with serrated polyps.

Classification of Serrated Polyps

Our increased insight into the development of serrated
polyps is reflected in the increasing complexity of the
different subtypes identified. Through the 1990s, most polyps
with serrated architecture were classified as metaplastic or
HPs, but there are now at least 3 well-described serrated
polyp entities. With every new edition of the WHO classifi-
cation system, changes in definitions cause changes in re-
ported distributions and clinical impact (Figure 1B).

Hyperplastic Polyps
HPs are identified by exclusion—if in a well-oriented
tissue section, the architectural criteria for SSL are not

Abbreviations used in this paper: CIMP, CpG island methylator phenotype;
CRC, colorectal cancer; HP, hyperplastic polyp; MSI, microsatellite
instability; MSS, microsatellite stable; NBI, narrow band imaging; SPS,
serrated polyposis syndrome; SSL, sessile serrated lesion; SSL-D, sessile
serrated lesion with dysplasia; TSA, traditional serrated adenoma; WHO,
World Health Organization.
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Figure 1. Classification of serrated polyps. (A) Clinical, endoscopic, and histologic characteristics of the different serrated
polyps. (B) Development of definitions for SSLs and HPs over time and subsequent changes in prevalence of diagnostic
categories. Studies of expert pathology review of HPs using each definition are shown in pie charts. The percentage of HPs re-
diagnosed as SSLs is shown in blue, the unchanged cases are red. GCHP, goblet cell-rich hyperplastic polyp; WASP,
workgroup serrated polyps and polyposis.

met.® Because the characteristics of SSLs are mainly architecture of HP is unchanged compared with the normal
observed in the deeper parts of the crypts, the orientation of colonic mucosa, and crypts remain evenly spaced. The su-
biopsies is essential for an adequate diagnosis. The overall perficial epithelium shows serration, which might cover the
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upper two-thirds of the crypts (Figure 14). Two variants of
HPs are the microvesicular type and the goblet cell-rich
hyperplastic polyps. Goblet cell-rich hyperplastic polyps
have subtle morphologic alterations, such as surface tufting
and increased numbers of goblet cells, resulting in small
polyps. Microvesicular hyperplastic polyp are easily recog-
nized and characterized by microvesicular epithelial cells
with abundant cytoplasm, with clear stellate lumina in
cross-sectioned crypts. A third subtype was described (the
mucin-poor type), but it is no longer considered a separate
subtype—these lesions are caused by regenerative changes
in damaged microvesicular hyperplastic polyps.

Sessile Serrated Lesions

The WHO recommends use of the term sessile serrated
lesion vs other terms, such as sessile serrated adenoma,
sessile serrated polyp, or sessile serrated adenoma/polyp.
The major feature that distinguishes SSLs from HPs is
architectural distortion, which is most likely a result of al-
terations in the proliferative zone of the crypts. According to
the updated WHO criteria, the presence of a single un-
equivocally distorted crypt is considered diagnostic for
SSL.2 Crypt distortion can be present in different forms, such
as horizontal crypts, dilated crypts (basal third of the crypt),
and/or crypts that have serrations extending in the crypt
base. Branching crypts are no longer considered diagnostic
of SSL, although these frequently occur in combination with
other crypt abnormalities. Clinical features, such as size,
location, and endoscopic appearance can support identifi-
cation of SSL, but are not sufficient for identification. Other
features that support identification are the presence of
mucosal prolapse or stromal proliferations.

Mucosal prolapse is also known as herniation through
the muscularis mucosa, pseudoinvasion, epithelial
misplacement, or inverted crypts. It is rare in patients with
HP.* The exact etiology is unknown, so this phenomenon has
not been given a name yet. Stromal proliferation includes
perineural proliferation as well as lipomatosis. More than
6% of SSLs have perineural-like stromal proliferations that
can be detected during histology analysis” and do not share
the BRAF mutations present in the epithelial component.®
The clinical implications of these minor histologic features
are not clear.

Sessile Serrated Lesions With Dysplasia
Progression of SSLs into SSLs with dysplasia (SSL-D) is
not frequent—approximately 4%-8% of SSLs contain
dysplasia.”® At least 3 different morphologic types of
dysplasia have been described in SSL-D,”'° which often
occur within the same lesion. Intestinal dysplasia is similar
to the dysplasia observed in conventional adenomas, and is
relatively rare. There is no loss of MLH1 staining, and there
seems to be no progression to CRC in these lesions, espe-
cially when there is low-grade dysplasia.”'® Serrated
dysplasia is more common and is characterized by eosino-
philic cytoplasm and tightly packed small glands, and its
presence can be considered to represent progression to a
TSA.'' Nuclear atypia and mitotic activity are pronounced,
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and loss of MLH1 staining is infrequent. The third pattern is
the minimal deviation dysplasia, with limited changes
compared to SSL, and characteristic loss of MLH1. Most SSL-
Ds, however, have an undefined pattern of dysplasia, with
loss of MLH1 expression in up to 80% of cases.” Immuno-
histochemical analysis for MLH1 is important for deter-
mining the presence of clinically important dysplasia in
SSLs—Iloss of MLH1 staining confirms the presence of
dysplasia. However, the normal staining pattern can be
retained in some cases of evident dysplasia. The different
types of dysplasia have limited diagnostic value, but are
increasingly studied in research into progression of SSLs, in
combination with their molecular features. It is important to
be aware of these different SSL-D in clinical practice.

Traditional Serrated Adenomas

TSAs are villous polyps with cells that contain prominent
eosinophilic cytoplasm and pencillate nuclei. The pattern of
serration is different from that of SSLs or HPs, and features
narrow slits (Figure 1A4). Ectopic crypts, a diagnostic fea-
tures of TSAs, are found mainly in larger, distally located
lesions."! Ectopic crypts develop orthogonally to the crypt
axis and therefore have no connection to the muscularis
mucosae. They contain actively proliferating cells that have
aberrant expression of GREM1. Variants in the GREM1 gene
have been associated with hereditary mixed polyposis syn-
drome.'” Lesions with characteristics of SSLs and TSAs
should be classified as TSAs.

Pathology Interpretation and
Reclassification of Serrated Polyps

Older clinical specimens and studies included serrated
polyps that were misidentified, compared with modern
criteria. Studies have evaluated the effects of reviewing these
specimens, to establish the accuracy of identification based
on histologic features, and mainly focused on the distinction
between HP and SSL. This distinction is a significant chal-
lenge—multiple studies have reported considerable inter-
observer variability in identification of HPs, and of SSLs in
particular.”®"'® See Figure 1 for the variations in identifica-
tion attributable to modifications in WHO definitions. Revi-
sion of cases performed from 2000 to 2010 indicate the
increasing recognition of SSLs. One study during this time
period reviewed more than 1400 HPs, and reclassified 6% of
HPs as SSLs.'® After SSLs (then called SSA/Ps) were included
in the WHO classification of 2010, 8%-19% of HPs were
reclassified as SSLs."”*” When only larger HPs were taken
into account, the proportion of reclassified HPs was as high as
28%.°%%! Application of the 1 crypt rule, per the recent
revised WHO criteria, likely increases the sensitivity of
detection of SSLs further. Bettington et al*” reported that the
application of this criterion resulted in a 7% increase in the
proportion of serrated polyps classified as SSLs. An additional
benefit of this new definition is improved inter-observer
agreement compared with the 4™ edition WHO criteria.”***
Inter-observer agreement can be further improved by bet-
ter orientation of polyps*® and by training.”®
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To acknowledge ongoing research, the category
“serrated adenoma not classified” has been introduced by
the WHO. This category should only be used for lesions that
cannot be classified as TSAs or SSLs.

Serrated Adenocarcinoma

In analogy to serrated precursor lesions, serrated
adenocarcinoma is increasingly recognized as a distinct CRC
subtype. Studies found that 10%-15% of colorectal tumors
could be classified as serrated adenocarcinomas, based on
histologic features.”” These tumors have glandular serra-
tion, with or without mucinous areas. Based on molecular
features, researchers proposed that approximately 25% of
colorectal tumors develop along the serrated pathway,
although these tumors do not all necessarily have serrated
morphology.

Molecular Features of the Serrated Pathway

The serrated pathway is characterized by a sequence of
genetic and epigenetic changes that accompany polyp pro-
gression, tracked by histologic features (Figure 24). In most
serrated polyps, the first step of the pathway is believed to
be acquisition of a mutation in a gene that regulates
mitogen-activated protein kinase pathway (such as in KRAS
or in most cases BRAF).28 Activating mutations in BRAF
result in widespread methylation of CpG islands, called the a
CpG island methylator phenotype (CIMP).>°° CIMP results
in silencing of many genes, including some tumor suppres-
sor genes. Hypermethylation of CDKN2A (which encodes
P16) occurs more frequently in TSAs than SSLs, in particular
in the advanced lesions with BRAF mutations.'* Hyper-
methylation of the promoter of the MLHI occurs only in
SSLs and is associated with specific polymorphisms in MLH1
(MLH1-93AA).*" Approximately 75% of SSL-D*” have mi-
crosatellite instability (MSI), resulting from this specific
hypermethylation. Thus, immunostaining for MLH1 protein
can identify dysplasia.’

Progression of serrated polyps is associated with acti-
vation of the WNT signaling pathway (Figure 2B). The
development of conventional adenomas also involves acti-
vation of the WNT pathway, which is usually an early step in
carcinogenesis. Truncating mutations in APC gene are found
in >90% of adenomas. In contrast, similar APC mutations
are found in only 10%-15% of SSL-D and 36% of TSAs.*
Activation of the WNT pathway in SSLs is caused mainly
by mutations in the RNF43-ZNRF3 complex®**°; these can
be as frequent as 86% in cases with MLH1 promoter
hypermethylation. Mutations in this receptor prevent
normal regulation of WNT by RNF43-mediated stimulation
of endocytosis of the frizzled-LRP5-LRP6 complex.*®
Alternatively, approximately 30% of TSAs have fusions of
genes in the R-spondin family (RSPO fusions), resulting in R-
spondin overexpression, and down-regulation of RNF43.*7*
This occurs more frequently in KRAS-mutated TSAs.

Colorectal tumors arising from serrated lesions can
exhibit different molecular features, likely dependent on the
precursor polyps and pathways. There are at least 3 sub-
groups of CRCs, based on molecular features (Figure 2). CRCs
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with BRAF mutations have high levels of CpG island methyl-
ation (CIMP-high), MSI, and are mainly found in the right
colon.’’** MSI is found in conventional adenomas only in
patients with Lynch syndrome (Dabir et al, unpublished
data), so it is reasonable to assume that CRCs with BRAF
mutations (3%-8% of CRCs)*°~** are of only serrated origin,
and are derived from SSLs. Morphologically, medullary,
mucinous, and signet ring cell carcinomas are over-
represented in this tumor group.** These tumors are called
CMS1 in the common molecular subtype classifications of
CRC,** and are characterized by a hypermutator phenotype
and favorable patient outcomes. A second group of colorectal
tumors, which is more rare (account for 2%-6%), have mu-
tations in BRAF, are CIMP high, but are microsatellite stable
(MSS).3%*? BRAF mutations are rare in conventional ade-
nomas,*>*® so most of these tumors are of serrated origin
(from either SSLs or TSAs). The third group of colorectal tu-
mors is characterized by KRAS mutations and MSS. These
account for 25%-33% of colorectal tumors.*”~** Only a small
proportion of these tumors are likely to be of serrated origin,
given the relative rarity of the TSA precursor, and the fact that
KRAS mutations are found more frequently in conventional
adenomas.*”> However, most colorectal tumors (53%-70%)
do not fall into any of these categories.

Serrated Polyposis Syndrome

Serrated polyposis syndrome (SPS) is characterized by
multiple serrated polyps throughout the colorectum and
increased risk of CRC. Updated WHO criteria for SPS
include: at least 5 serrated lesions or polyps proximal to the
rectum, all >5 mm, with 2 or more that are >10 mm, or
more than 20 serrated lesions or polyps of any size
distributed throughout the large bowel, with at least 5
proximal to the rectum.” It is important to note that any
serrated polyp subtype (HP, SSL, TSA, or serrated adenoma
not classified) is included in the final polyp count, and that
polyp count is cumulative over multiple colonoscopies. The
WHO criteria used to include: any number of serrated
polyps proximal to the sigmoid colon in an individual who
has a first-degree relative with SPS, but this item was
eliminated from the most recent criteria (Supplementary
Table 1). However, SPS phenotypes vary, and because lit-
tle is known about the genetic alterations that contribute to
their development, SPS might result from more than 1 dis-
order. A small proportion of patients with SPS have muta-
tions in RNF43, which regulates the WNT pathway
(Figure 2B). However, most cases of SPS are not associated
with any specific genetic variants.*’

The prevalence of SPS in average-risk populations un-
dergoing colonoscopy ranges from 0.03% to 0.5%,
depending on screening vs surveillance indication.”® Pa-
tients with SPS typically receive their diagnosis when they
are 40-60 years old, and the disorder is equally common
among men and women.*”” Studies from cohorts of pa-
tients SPS report overall cancer risk in the range of 15%-
30%, though cancer risk varies with patient age, polyp
burden and phenotype, and presence of high-risk histologic
features.””** Close endoscopic surveillance is recommended
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for patients with confirmed SPS, with annual colonoscopies
(or occasionally longer intervals in individuals with lower
polyp burden and absence of high-risk features).”* Endo-
scopic management can reduce the risk of cancer develop-
ment in many patients with SPS, so referral to a specialized
center or endoscopist should be considered following
diagnosis.”™

Epidemiology

It is a challenge to make conclusions from epidemiologic
studies of serrated polyps, due to inconsistent terminology
and nomenclature, the changing taxonomy, variations in
detection and resection practices, and a preponderance of
single-center studies with limited external validity. Also, the
most common serrated polyps are distal HPs (which are
generally thought to be harmless), so it is difficult to draw
conclusions from epidemiology studies that group all
serrated class lesions together. Many authors and groups
have addressed these limitations by using surrogate defini-
tions for important or clinically significant serrated polyps,
namely larger and/or proximally located lesions. However,
such classification schemes are neither particularly sensitive
nor specific for the entire group of premalignant serrated
polyps. For example, most SSLs are <1 c¢m in size, as many as
25% are located in the distal colorectum,”*”® and most TSAs
are distally located. Furthermore, true (presumably low-risk)
HPs exist in the proximal colon in significant numbers of in-
dividuals.’® For this reason, more recent studies that classify
serrated polyps per 2010 WHO taxonomy are the most
informative regarding epidemiology.

Serrated neoplasia appears to be a universal human
phenomenon; SSLs and other serrated lesions are found in
many disparate populations and ethnic groups. Although
most epidemiology studies of SSLs were performed in the
United States or Europe, serrated polyps have been reported
worldwide, in studies from Korea,®’ ]apan,s&59 China,®%¢!
Australia,62 Peru,®® Argentina,64 Russia,®” Turkey,66 In-
dia,®” and Nigeria,68 among other countries. In general,
countries that do not screen the population for CRC, or that
perform colonoscopies primarily for diagnostic purposes,
report lower prevalence values for adenomatous polyps and
serrated polyps.

Prevalence Based on Endoscopic Data

A number of cross-sectional studies have measured the
endoscopic prevalence of serrated polyps overall and SSLs
and TSAs specifically. Older studies (those published or
containing colonoscopy data before 2010) generally provide
less-reliable information, so it is important to focus on
contemporary studies for more accurate epidemiologic data.
Furthermore, given substantial variation in serrated polyp
detection (especially SSL detection), prevalence estimates
depend on the endoscopists who perform the colonoscopies.
Furthermore, many endoscopists do not remove obvious
diminutive distal HPs, given lack of malignant potential, so
prevalence estimates for total serrated polyps, and HPs in
particular, are likely to be underestimated from analyses of
colonoscopy and pathology data.
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In pathology series studies, serrated polyps accounted
for 30%-40% of polyps removed from unselected adult
patients undergoing colonoscopy for screening, surveillance,
or diagnostic indications.®””’* An estimated 20%-40% of
screening-age adults have at least 1 serrated polyp—most
are small, distal HPs.*>¢%73

Reviews of recently published colonoscopy series
studies found that an average 2%-8% of SSLs are detected
(akin to prevalence) in average-risk patients undergoing
colonoscopy.>**°%627382 " Among  high-detecting endo-
scopists and centers, however, the reported prevalence
values are 13%-20% (Figure 34, Supplementary
Table 2).**°%627%78 1t js a reasonable assumption that
detection of SSLs among high detectors is the best estimate
of the true prevalence of these lesions. Dysplastic SSLs are
uncommon, occurring in roughly 0.5% of average-risk pa-
tients (approximately 4%-8% of all SSLs).”*"*

It is also important to recognize that there is significant
overlap among the prevalence of serrated polyps and con-
ventional adenomas. In most series, roughly half of patients
with SSLs also had synchronous conventional adenomas
(Figure 3B). TSAs are less common than SSLs—TSAs are
found in 0.1%-0.7% of average-risk patients undergoing
colonoscopy.?**%2737* Because TSAs tend to be larger and
easier to recognize than SSLs, they are less susceptible to
endoscopic underdetection. However, TSAs can be chal-
lenging to identify and might be mistaken for villous ade-
nomas by pathologists, which could lead to underestimation
of TSA prevalence.

Prevalence Based on Autopsy Data

Although endoscopic population-based studies have pro-
vided a good estimate of the prevalence of serrated polyps, they
are limited by endoscopic equipment, patient factors, colonos-
copy quality, and inter-observer variation. Autopsy studies are
informative with respect to the epidemiology of serrated
polyps, and provide useful data regarding worldwide variation
in the prevalence of serrated polyps. We searched the literature
for autopsy series reporting data on serrated polyps of the
colorectum. Given the variation in the periods of study, it was
not possible to distinguish different polyp types, but the data
give a clear indication of the variations based on geography and
age. Of 8440 patients included in 16 studies, 1147 (13.6%) had
1 or more serrated polyps (Supplementary Table 3).%*"°° There
was a large geographic variation in the prevalence of serrated
polyps, with high prevalence in the United Kingdom””?" New
Zealand,”® and the United States,”* and very low prevalence in
Singapore and Japan (Figure 44).°*%>“% There were also large
within-country differences related to urbanization (in Norway
and Columbia).?*#%%%87 Most studies included different age
categories, making them difficult to compare, but in general the
prevalence of serrated polyps increased with patient age
(Figure 4B).

Nonmodifiable Risk Factors

Contemporary studies have identified a number of risk
factors for SSLs in particular. In contrast to conventional ad-
enomas, older age and male sex are not strong risk factors for
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SSLs. Although patients younger than 50 years have a lower
risk of SSLs than patients older than 50 years, risk does not
appear to increase substantially with age beyond 50
years.‘m"r""97 With regard to sex distribution, men and women
appear to have a roughly equivalent risk of SSL,7*81%°
although some studies reported a higher risk in men,”®*%*
whereas others reported a higher risk in women.”””"

White race is a consistent risk factor for SSLs in US and
European studies of average-risk patients, whereas black,
Asian, and American Indian/Alaskan Native populations
have a lower prevalence.?*??19%192103 1y 3 Jarge US study
with data from 1.6 million screening colonoscopies, white
men and women were found to have a 2- to 3-fold increase
in risk of SSLs compared to black or Asian individuals
(Supplementary Figure 1B).”” Patients with a family history
of CRC or a personal history of premalignant serrated
polyps also have an increased risk of SSLs.*>!0*1%°

Modifiable Risk Factors

There is strong evidence that smoking and serrated
polyps (and SSLs in particular) are linked. A pooled analysis
of data from more than 130,000 participants from the
Nurses’ Health Study and Health Professionals Follow-up
Study reported that users of tobacco had a 2.5-fold in-
crease in risk of serrated polyps.'°® Other studies reported
similar results,’”/100:103104107-110 54 5 meta-analysis
associated smoking with a more than 3-fold increase in
risk of SSLs.''" Interestingly, smoking appears to be more
strongly associated with distal serrated polyps, which seems
counterintuitive, given that SSLs are predominantly found in
the proximal colon; the clinical significance of this phe-
nomenon is uncertain.'****?

Multiple studies have also found an association between
alcohol intake and SSLs. Higher intakes of alcohol are
modestly associated with an increased risk of SSLs, with risk
or odds ratios on the order of 1.1-1.8 compared with
nondrinkers.'?%*

There is also some evidence to support a weak associ-
ation between obesity and serrated polyps and SSLs spe-
cifically. In the Nurses’ Health Study and Health
Professionals Follow-up Study, He et al'’® reported that
patients in the highest categories of body mass index had a
roughly 30% increase in risk of serrated polyps compared
to normal-weight individuals. Other studies reported
stronger associations between obesity and SSLs. However,
the evidence is somewhat conflicting, and some studies
report null associations.’®® Furthermore, a meta-analysis
did not find a significant association between high body
mass index and SSLs (summary odds ratio, 1.31; 95% con-
fidence interval, 0.89—1.92:).111 Therefore, if obesity does
increase the risk of SSLs, the effect is likely modest.

d
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There is also consistent evidence associating intake of
aspirin and non-steroidal anti-inflammatory drugs with
reduced risk of SSLs. In a post-hoc analysis of data from an
aspirin polyp chemoprevention trial, Wallace et al'’® re-
ported that aspirin reduced the risk of proximal serrated
polyps by roughly 40%. A recent meta-analysis also found an
inverse association between non-steroidal anti-inflammatory
drug use and SSL occurrence, with a pooled risk ratio of 0.62.

In addition to these risk factors, individual studies have
reported associations between premalignant serrated
polyps and diabetes,'’” high socioeconomic status,'”’ and
supplementary folate''® and calcium intake.''* However,
given limited evidence, these findings are considered
inconclusive.

Clinical Implications

Clinical Features and Endoscopic Appearance

HPs are small, round, pale polyps that are predominantly
located in the distal rectosigmoid colon. HPs are typically flat
or minimally elevated, may flatten further with insufflation.
HPs typically have absent or thin, lacy overlying capillaries,
and a papillary or stellate pit pattern. Use of narrow band
imaging and the Narrow Band Imaging International Colo-
rectal Endoscopic classification criteria can reliably differ-
entiate HP from conventional adenomas."'® SSLs are typically
larger than HPs, with an average size of 5-7 mm
(Supplementary Figure 14), but are also pale and have either
a flat or sessile morphology.”*°> Distinguishing features of
SSLs include a cloud-like surface, an overlying mucus cap, a
rim of debris or stool around the lesion, and obscuration of
the underlying mucosal vasculature."'®'"” Like HPs, SSLs are
International Colorectal Endoscopic type 1 lesions, but
additional NBI criteria, such as a cloud-like surface, irregular
shape, and dark spots inside crypts, can help distinguish them
from HPs.' '® TSAs are typically larger lesions (average size 15
mm), found in the distal colorectum, that resemble pedun-
culated or semi-pedunculated conventional adenomas.'!
TSAs can have an erythematous, pine-cone appearance due
to villous structure (Figure 14).**°

Detection by Screening Tests

Serrated polyps, and SSLs in particular, are more difficult
to detect than conventional adenomas. With respect to non-
colonoscopy screening tests, detection is generally either
null or very poor.'*’ Sigmoidoscopy does not examine the
proximal colon, where most SSLs reside. Kahi et al*?! found
that distal neoplasia is not a marker of proximal serrated
polyps. Fecal occult blood tests and fecal immunochemical
tests detect serrated polyps poorly because even large
serrated polyps rarely bleed."”> Computed tomography

<

Figure 2. The serrated pathway. (A) Changes in different types of serrated polyps. (B) The role of WNT activation in devel-
opment of serrated polyps and conventional adenomas showing () normal cell, with inactivated WNT; (i) cell with activated
WNT and proliferation due to transcription of MYC and cyclin D1, regulated by R-spondins and ZNRF3-RNF43; and (i)
different forms of WNT activation in colorectal carcinogenesis. (C) Frequencies of molecular subtypes relevant in the serrated
pathway: evidence from large-scale molecular studies. Blue, KRAS-mutated with MSS tumor; orange, BRAF-mutated with
MSS tumor; green, BRAF-mutated with MSI tumor; purple, others.
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Figure 3. Epidemiology. (A) Rates of endoscopic detection of SSLs in studies of average-risk patients, with comparison of the
average detection rate (green) and the highest SSL detection rate per center or endoscopist (blue) (see also Supplementary
Table 2). (B) Pictogram demonstrating the estimated true prevalence of conventional adenomas, SSLs, TSAs, and colo-
rectal cancer in an average-risk screening population.

colonography does not detect serrated polyps or other flat
lesions well, due to its dependence on morphology.123
Recently developed stool DNA tests seem promising but
detect only a fraction of large SSLs.'?*'** For these reasons,
colonoscopy (though also imperfect) offers the best chance
to optimize detection of premalignant serrated polyps.

Endoscopic Detection

A number of studies from different settings have
demonstrated that endoscopic detection of proximal
serrated polyps, and SSLs in particular, varies. There is as
much as 18-fold variation among endoscopists in detection
of clinically relevant serrated polyps (Figure 34,
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Figure 4. (A) Worldwide differences in incidence of serrated polyps in patients 45-69 years old, based on autopsy studies (see
also Supplementary Table 3). (B) Age-related incidence of serrated polyps; results are given as a percentage of included
patients per age group. Data retrieved from autopsy studies; definitions of the different age groups vary with study.

Supplementary Table 2).°%7%7698125 Eactors associated
with improved detection include better bowel prepara-
tion,"?® longer withdrawal time (optimal 9 minutes or
more),"”” and careful examination of the right colon in
particular (repeat anterograde examination or retroflexion
in the cecum).'?® In addition, endoscopic tools may be
helpful to improve endoscopic visualization, particularly for
operators with suboptimal detection, including use of a
transparent cap, endocuff, or other mucosa exposure
devices.”****!  Chromoendoscopy also appears to be

beneficial, but may add procedure time and complexity.'**

The benefit of image-enhanced endoscopic techniques,
such as narrow-band imaging and linked color imaging, may
be associated with marginal improvements in SSL detection
as well, but the benefits are uncertain.'**™'%°

Resection
Most SSLs can be removed with either standard cold
snare (for smaller lesions) or endoscopic mucosal resection
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Table 1.Guidelines for Post-Polypectomy Surveillance of Serrated Polyps

S3NILIAdSHId
ANV SM3IN3Y

Guideline recommended surveillance intervals

International European
Serrated British European Society of Korean Cancer
Consensus  US Multi-Society Society of Union Gastrointestinal ~ Multi-Society Council
Polyp findings Definition Panel, y Task Force, y Gastroenterology, y  Guidelines, y Endoscopy, y Task Force, y  of Australia, y
Low-risk HP Small (<10 mm) 10 10 No surveillance Routine Routine screening NR 10
rectosigmoid HPs screening
1-3 small (<6 mm) 10 NR No surveillance NR Routine screening NR NR
proximal HPs
Intermediate-risk Large (>10 mm) HP 5 NR No surveillance NR 3 37 NR
serrated polyp >3 proximal HP 5 NR No surveillance NR Routine screening NR NR
1-2 SSL, <10 mm 5 5 No surveillance NR Routine screening NR 5
in size
High-risk Large (>10 mm) SSL 3 3 3 NR 3 3 3
serrated polyp >3 SSL 3 3-5 No surveillance NR Routine screening NR 3
SSL with dysplasia 1-3 3 3 NR 3 years NR 5°
TSA 3-5° 3 3 1-10° 3° 3-5° 3-5
SPS WHO criteria (see text) 1 1 1-2 NR NR’ NR NR

NR, no recommendation.
4Korean guidelines recommend 3-y surveillance for any serrated polyp >10 mm (HP, SSP, or TSA). Small (<10 mm) TSA would fall into low-risk category (5-y surveillance).
bAustralian guidelines recommend managing SSPs and TSAs identical to conventional adenomas, with 3- to 5-y surveillance based on number and size. Only high-grade
dysplasia (rare in SSPs) considered high risk.
°Consensus panel recommends 3-y interval for large or multiple (>3) TSAs
9European Union guidelines recommend managing TSAs identical to conventional adenomas, which could result in interval from 1-10 years based on size and multiplicity
®European Society of Gastrointestinal Endoscopy guidelines recommend 3 year surveillance for any serrated polyp >10 mm (HP, SSP, or TSA). Guideline is ambiguous as
to management of small TSAs.
European Society of Gastrointestinal Endoscopy guidelines do recognize SPS and recommend referral to genetic counseling for SPS, but do not recommend a specific
surveillance interval for these patients.
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(for larger lesions) procedures.'*® In recent years, there has
been an interest in alternative resection methods, such as
underwater endoscopic mucosal resection and piecemeal
cold-snare polypectomy, though additional research is
needed to establish the efficacy and safety of these
techniques.'*”*3%

There is some evidence that SSLs, and particularly large
SSLs, may be prone to incomplete resection. This stands to
reason, given that SSLs are often subtle lesions, and the
margin between polyp and normal tissue can be difficult to
appreciate. One study reported that nearly 33% of SSLs
(and roughly 50% of large SSLs) removed by hot-snare
polypectomy left residual polyp tissue behind after resec-
tion attempts.'*? This study also found substantial vari-
ability among endoscopists in the SSL resection rate.
However, at experienced centers, even large (>2 cm) SSLs
can be resected completely with a low rate of residual
neoplasia, when careful endoscopic mucosal resection
technique is used.'*’ Importantly, use of dye-tinted sub-
mucosal injectate can help delineate lesion borders and
ensure adequate resection (Figure 5). Taken together, re-
sults of these studies indicate that, in practice, SSL resection
is imperfect and that endoscopist skill and experience, as
well as choice of technique, are required to ensure that SSLs
(particularly larger SSLs) are completely removed. There is
a need for quality improvement efforts in endoscopy pro-
grams to focus on polyp resection practices in addition to
polyp detection.

Figure 5. Endoscopic im-
ages of 3 different SSLs
before and after resection.
First row shows a 15-mm
minimally elevated lesion
(A) in the ascending colon,
removed with traditional
endoscopic mucosal
resection. Submucosal in-
jection of methylene blue—
tinted saline (B) helps
delineate lesion borders
before en bloc hot-snare
resection (C). Second row
depicts a smaller 6-mm
flat SSL in the cecum
viewed with white light (D)
and narrow-band imaging
(E) before cold-snare
resection (F). Third row
depicts a larger, 3-cm flat
SSL in the ascending
colon (G). Submucosal
injection of methylene blue
and colloid solution per-
formed (H) before piece-
meal cold-snare

polypectomy (/).
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Risk of Synchronous and Metachronous
Neoplasia

There is consistent epidemiologic evidence that in-
dividuals with SSLs and TSAs have increased risks of syn-
chronous and metachronous advanced neoplasia (typically
defined as an advanced adenoma or CRC) compared to
persons without polyps. A meta-analysis found that patients
with SSLs have a 2- to 4-fold increased risk of synchronous
advanced neoplasia,"**"**> and roughly 30% of these pa-
tients have multiple SSLs."**

SSLs and large HPs are also associated with an increased
risk of metachronous polyps and CRC."*"*¢"'*5 patients
with baseline SSLs appear to have a risk of future polyps
that is similar or greater than the risk in patients with
conventional adenomas.'®***'*® Retrospective studies re-
ported that patients with SSLs have a significantly increased
long-term risk of future CRC compared to patients without
SSLs.'*”1*® In a large population-based case-control study
in Denmark, Erichsen et al'*’ found that patients with
antecedent SSLs had a 3-fold increased risk of CRC
compared to patients without polyps. Furthermore, CRC
risks were even greater for women with SSLs, and patients
with proximal SSLs, SSL-Ds, or TSAs. In a secondary analysis
of data from the Norwegian Colorectal Cancer Prevention
flexible sigmoidoscopy trial, Holme et al'*® reported that
participants with large (>10 mm) serrated polyps found
during screening had a 4-fold increase in long-term risk of
CRC compared to subjects without polyps. Several studies
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reported that patients with SSLs or large serrated polyps
with synchronous conventional adenomas are at higher risk
of metachronous advanced neoplasia (advanced adenomas)
than patients with isolated SSLs.'**'*? It is also important
to remember that studies examining short-term outcomes
have found that patients with SSLs or other clinically sig-
nificant serrated polyps are at risk for recurrent serrated
polyps compared with other lesion types."*®'*’

Given the increased risk of future CRC associated with SSLs
and evidence that the serrated pathway accounts for 20%-25%
of all sporadic CRC, it is puzzling that the intermediary lesion,
the SSL-D is not found more frequently than it is. SSL-Ds are
found in only around 0.5% of average-risk patients.® This
paradox of low SSL-D prevalence is likely attributable to a
combination of factors. The endoscopic miss rate for SSLs
varies, so many SSL-D may be missed during screening.
Development of dysplasia often coincides with inactivation of
MLH1, MSI, and presumed rapid growth of the lesion, so the
window of detection of SSL-D might be relatively short
(compared to conventional adenomas, which are thought to
have more gradual growth).’*” SSLs that have extensive cyto-
logic dysplasia may be difficult for pathologists to differentiate
from conventional adenomas, leading to misdiagnosis."”’
Furthermore, SSL-Ds often have a fried egg morphology: the
dysplastic portion is polypoid and surrounded by a ring of
nondysplastic SSL tissue that is more flat. Endoscopists may
resect the protuberant portion only, which might be read as a
conventional adenoma rather than an SSL-D."**

Surveillance Guidelines

Multiple societies and organizations have issued sur-
veillance guidelines for patients who have serrated polyps
removed during screening or surveillance colonoscopy. The
most widely used surveillance guidelines from the US are
from the Multi-Society Task Force,'”* though British,°%1°°
European,ls&157 ]apanese,158 Korean,159 and Australian®®
guidelines with disparate recommendations have also
been published. In addition, an international consensus
panel on serrated neoplasia published surveillance recom-
mendations in 2012 (Table 1).'°* In general, US guidelines
and those of the international consensus panel are more
aggressive with respect to surveillance for SSLs and other
potentially precancerous serrated lesions, recommending
surveillance intervals that are similar to those of conven-
tional adenomas. Because of issues regarding pathologist
interpretation of serrated lesions (and the difficulty dis-
tinguishing HP from SSLs in particular), some groups
recommend managing patients with proximal HPs (espe-
cially 1 cm or more proximal HPs) similar to those with
SSLs.'®" Annual colonoscopy is generally recommended for
patients with confirmed SPS, though longer intervals (eg, 24
months) may be adequate in patients once endoscopic
control is achieved.””

Future Directions
There are many controversies over serrated neo-
plasias—studies are needed to inform evidence-based

Gastroenterology Vol. 157, No. 4

practice recommendations. Researchers have debated the
nomenclature, and worldwide differences in terms (SSA,
SSP, SSA/P, and SSL), pathology reports, and publications,
has caused confusion for patients and providers alike. This
lack of synchronization is problematic. Although no single
term will satisfy all experts, we support the acceptance of a
standard terminology as recommended by the WHO, and
specifically the use of sessile serrated lesion vs other terms.
The term sessile serrated lesion was introduced years ago in
Europe for standardized reporting in population screening
and has been implemented successfully. However, debate on
this issue is likely to continue after the publication and
dissemination of the upcoming WHO update, and incon-
gruous nomenclature may persist. Therefore, clinicians
should be aware of the multiple historical terms used to
describe the SSL entity.

Identification of SSLs based on pathology features, and in
particular the differentiation of HPs from SSLs, can be
challenging in some specimens due to small size, tangential
sectioning, and/or poor orientation. Adoption of the 1 crypt
rule is expected to improve inter-observer variation in
detection of SSLs, but variations in diagnoses among centers
and among pathologists are likely to persist.®* Use of
additional immunohistochemical or molecular markers
could aid in detection and determination of risk.'®*

There is also controversy over surveillance guidelines
for serrated-class lesions. This could be because the risk of
metachronous neoplasia associated with serrated lesions is
not entirely clear. We also lack sufficient data to inform
surveillance decisions for certain situations, such as patients
with 1 or 2 small SSLs, or patients with proximal and/or
large HPs. Although it seems reasonable to follow surveil-
lance guidelines that mirror those for conventional ade-
nomas, some experts believe this approach is too aggressive.
Additional longitudinal studies will help clarify these areas
of uncertainty.

The past decade has seen tremendous advances in the
understanding of serrated colorectal neoplasia. Recently
updated WHO criteria outline the proper diagnosis, classi-
fication, and nomenclature of HPs, TSAs, and SSLs. Molecu-
lar changes associated with serrated neoplasia include
mutations in the mitogen-activated protein kinase and WNT
pathways, as well as epigenetic modifications, leading to
either MSS or MSI cancers. SSLs are the most prevalent
premalignant serrated polyp subtype, and are found in as
many as 15% of average risk patients undergoing colonos-
copy by high-detecting endoscopists. Efforts are needed,
worldwide, to optimize detection, resection, and accurate
classification of serrated polyps and lesions, and to deter-
mine the most appropriate surveillance practices for the
patients who have them.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2019.06.041.
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Supplementary Figure 1. (4) Size distribution of different serrated polyp subtypes. Data from Turner et al.>® (B) Prevalence of
SSLs by age, sex, and race, using data from US screening colonoscopy data, 2012-2016 (n = 1.6 million procedures).
Figure shows the lack of a strong effect of age or sex on risk of SSLs and that nonwhite race is associated with lower risk of
SSLs. Modified from Peery et al,”® with permission.
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Supplementary Table 1.Definitions and Changes in the 5" Edition of the WHO Classsification

Lesion or condition Defining features and key changes from prior WHO edition

HPs Characterized by superficial serrated epithelium and funnel-shaped, evenly spaced crypts with
proliferative zones confined to the crypt basis.
No characteristics of SSLs.
Two subtypes can be recognized: microvesicular HPs and goblet cell-rich HPs, although these
have no known clinical implications.
The previously recognized mucin-poor variant is no longer considered a separate entity.

SSLs (formerly known as Sessile serrated lesion is the recommended term for this lesion. Other terms are discouraged.
sessile serrated adenomas Characterized by serrated epithelium and an overall distortion of the crypt architecture, most
or sessile serrated polyps) likely resulting from alterations of the proliferative zone. There are defining features of SSL

crypt distortion: horizontal growth along the muscularis mucosa, dilation of the crypt base,
serrations extending into the crypt base, and asymmetric proliferation. The unequivocal
presence of at least 1 of these features in a single crypt is sufficient for the diagnosis of SSL.
Dysplasia can be present in SSL, and loss of MLH1 expression indicates the presence of
dysplasia. Normal expression of MLH1 does not exclude dysplasia.

TSAs Characterized by slit-like serrated and eosinophilic cells with pencillate nuclei. Ectopic crypt
formation is usually present but not necessary for this diagnosis. Often found with in
association with HPs or SSLs, which are considered precursors to TSAs.

SPS Defined as meeting 1 of the following 2 criteria: At least 5 SSLs or serrated polyps proximal to the
rectum, all being >5 mm in size, with 2 or more at least 10 mm in size. Or, more than 20 SSLs
or serrated polyps distributed throughout the large bowel, with at least 5 proximal to the
rectum.

In the previous WHO edition, first-degree relatives of patients with SPS were considered to have
SPS if they presented with at least 1 serrated polyp. However, this criterion has been omitted
due to the unknown pattern of genetic inheritance and the lack of genetic markers for serrated
polyposis.




Supplementary Table 2.Endoscopic Detection of Sessile Serrated Lesions

Detection rates, %

Total

First author, year of Study patients Conventional Highest
publication Location of study period (colonoscopies), n Endoscopists, n adenomas SSL SSL-D SSL-DR?
Spring, 2006*° Australia 2003 189 1 NR 13.6 NR 13.6
Hetzel, 2010%® US (Massachusetts) 2006-2008 7192 20 22.2 0.6 0.2%" 2.2
Gurudu, 2010'%* US (Arizona) 2005-2007 21,238 20 NR 0.8 NR NR
Freedman, 20117%° US (New York) 2009 1486 3 425 7.9 NR NR
Buda, 2012%2 Italy 2007-2008 985 4 14.8 2.3 NR NR
Kumbhari, 2013"° Australia 2010-2011 1000 1 34.6 5.3 NR 5.3
Raju, 2013'%° US (Texas) 2009-2011 343 1 60.3 10.5 NR 10.5
Sanaka, 20147® US (Ohio) 2008-2009 2167 65 25.6 1.8 NR 13.0
Payne, 201477 US and Germany (multisite) 2008-2010 7215 32 centers 27.0 4.0¢ NR 13.1¢
Hazewinkel, 2014°° Netherlands 2014 1426 5 29.4 4.8 1.5% NR
Abdeljawad, 2015° US (Indiana) 2005-2012 1910 1 47.9 8.1 0.6% 15.59
Ross, 201578 US (Texas) 2010-2013 2833 13 42.0 8.2 NR 221
IJspeert, 201648 Europe (multisite) 2009-2015 243,450 NR 29.4-47.8 3.3 0.4% 4.8°
IJspeert, 2016° Netherlands 2011-2015 3364 25 38.5" 8.2 0.4% 13.6
Bettington, 2017°2 Australia 2013-2014 707 1 47.9 201 0.4% 20.1
Anderson, 20177° US (New Hampshire) 2009-2014 45,996 77 NR 5.8 NR NR
Parikh, 2017%° US (Ohio) 2012-2014 4151 84 26.4 4.3 NR NR
Crockett, 20187 US (multisite) 2013-2015 104,618 201 33.2 6.3 NR 18.8
Schramm, 201872 Germany 2012-2016 4161 15 29.1 3.0 NR 5.8
Ohki, 2018°® Japan 2014 3691 35 28.8 1.8 0.05 17.0°
Nayor, 2018°" US (Massachusetts) 2010-2015 8032 24 29.3 4.0 NR 9.6

NR, not reported in text; SP, serrated polyp; SSL-DR, sessile serrated lesion detection rate.
9Estimated from graph of SSL-DR by endoscopist.

@Prevalence of SSLs among colonoscopies performed by endoscopist (or center) with best SSL detection rate.
b3SSL-D category includes SSL-Ds and TSAs.
°“Serrated lesions” included SSLs + large (>1 cm) HPs.

9SSL-DR reported during last year of study (2012).

°Highest center rate (The Netherlands). Endoscopist-level data not reported.

"Median ADR.

6102 1840320
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Supplementary Table 3.Incidence of Serrated Polyps in Autopsy Studies

Gastroenterology Vol. 157, No. 4

Total Patients with

First author, year of publication Location of study Study period patients, n serrated polyps, n (%)
Correa, 1972°° Columbia (Cali) 1967-1969 1499 103 6.9)
Sato, 1974% Japan (Miyagi) 1968-1971 1000 1(1.1)
Sato, 1976°° Japan (Miyagi) 1970-1973 471 9(1.9)
Sato, 1976° Japan (Akita) 1970-1973 300 9 (3.0)
Eide, 1978%¢ Norway (Tromso) 1974-1976 280 5 (19.6)
Marigo, 1978%7 Brazil (Sao Paulo) 1973-1975 832 159 (19.1)
Restrepo, 198128 Colombia (Medellin) 1971-1973 508 102 (20.1)
Vatn, 1982%° Norway (Oslo) 1972-1973 445 104 (23.4)
Williams, 1982°° UK (Liverpool) (y) 365 126 (34.5)
Clark, 1985°" UK (Aberdeen) 1976-1979 200 3 (41.5)
Clark, 1985°" Finland (Kuopio) 1976-1979 200 9 (14.5)
Coode, 1985% Hong Kong NR 200 0 (20.0)
Stemmerman, 1986°* USA (Hawai) 1966-1983 288 163 (56.6)
Lee, 1987% Singapore NR 1014 7 (6.6)
Jass, 1992% New Zealand (Auckland) @y 336 2 (18.5)
Paspatis, 2001 Greece (Crete) 1997-1999 502 5 (5.0)
Total 8440 1147 (13.6)

NR, not reported.
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