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Chapter 15
Serrated Polyposis Syndrome

Sabela Carballal, Francesc Balaguer, and Antoni Castells

Abstract Serrated polyps (SPs) are considered the precursor lesions of up to
15-30% of all colorectal carcinomas through the “serrated neoplasia pathway.”
Serrated polyposis syndrome (SPS), characterized by the presence large and/or
numerous serrated lesions spreading throughout the colorectum, is emerging as one
of the most common colorectal cancer polyp syndromes. This condition is associ-
ated with an increased personal and familial colorectal cancer risk. Clinical man-
agement includes yearly surveillance colonoscopy and surgery. Although the
majority of cases occur in patients older than 50 years old with no family history of
CRC, several lines of evidence support that a proportion of SPS could be the pheno-
typic expression of an inherited genetic syndrome, but the genetic basis for SPS
remains elusive. Recent studies provided proof of the pathogenicity of RNF43
germline mutation in a small subset of patients. Future research in SPS should be
focused on understanding the phenotype and clinical management and on unravel-
ing the pathogenesis of the syndrome.

Keywords Serrated polyp - Hyperplastic polyp - Polyposis - Colorectal carcino-
genesis - Serrated pathway

1 Clinical Features

1.1 Definition and Cancer Risk

Colorectal cancer (CRC) arises through precursor lesions, called polyps, and the
timely detection and removal of these polyps is essential in CRC prevention [1].
Traditionally, conventional adenomas were considered the only precursor lesions
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Table 15.1 Serrated polyp subtypes: endoscopic, histological, and molecular features

Serrated polyp Endoscopic Molecular
subtype description Pathological features marker
Hyperplastic polyp (HP)
Microvesicular Distal colon. Flat | Small droplet (“microvesicular”) mucin | BRAF
hyperplastic polyp Multiplicity in within the cytoplasm of most cells (30-80%)
(MVHP) the rectum KRAS
(10%)
Goblet cell Left colon Nearly exclusive presence of goblet BRAF
hyperplastic (~90%) cells, few or no luminal serrations (20%)
Polyp (GCHP) Typically very (compared to MVHPs) KRAS
small (< 0.5 cm) (50%)
Sessile serrated Proximal colon, | Distorted crypt growth pattern BRAF
adenoma/polyp flat Dilated, mucus-filled, L-shaped (80-90%)
(SSA/P) Usually >0.5 cm | (“boot”) and T-shaped (“‘anchor”) crypts | KRAS
Covered by Serration at the basis of the crypt (3-8%)
mucus cap
Cloud-like
surface
Traditional serrated | Distal colon Complex and distorted tubulovillous or | BRAF
adenoma (TSA) Sessile or villous (“filiform”) configuration, (20-60%)
pedunculated eosinophilic cytoplasm, ectopic crypts | KRAS
Size often (20-25%)
>0.5 cm

that would develop into CRC through the “adenoma-carcinoma” pathway [2]. In
contrast, hyperplastic polyps, typically observed in the rectum, were thought to be
benign. Over the last 30 years, growing evidence has given rise to an alternative
pathway, called “serrated pathway,” characterized morphologically by the presence
of serrated lesions and molecularly by somatic mutations in the BRAF proto-
oncogene, hypermethylation of the promoter regions of tumor suppressor genes,
and microsatellite instability. This pathway is currently considered the responsible
of up to 15-30% of all CRC [3, 4].

Serrated polyps (SPs) are defined as heterogeneous group of lesions morphologi-
cally characterized by serrated (“saw-tooth”) architecture of the epithelium that
lines the colonic crypts [5]. The World Health Organization (WHO) classifies SPs
into three subgroups: hyperplastic polyps (HPs), sessile serrated adenomas/polyps
(SSA/Ps) with or without dysplasia, and traditional serrated adenomas/polyps
(TSA/Ps). The main features defining each serrated polyp subtype are reported in
Table 15.1.

Hyperplastic polyps (HPs) are common, accounting for 70-90% of all SP. They
are characterized by the presence of straight crypts, which extend symmetrically
from the surface of the polyp to the muscularis mucosae without significant distor-
tion. Distinct subtypes of HPs have been recognized; basically HPs are subdivided
into microvesicular (MVHP) and goblet cell (GCHP) types, based on the character-
istics of lining epithelium. MVHPs and GCHPs are well characterized and display
considerable differences in molecular and histological features as well as anatomic
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Fig. 15.1 Endoscopic and
histological appearance of
sessile serrated adenoma/
polyps. (a) A slightly
elevated lesion located at
cecum was detected during
endoscopic examination in
patient with serrated
polyposis syndrome. After
washing the adherent
mucus over the polyp
surface its indistinct edges,
“cloud-like” surface and
color similar to
surrounding mucosa could
be appreciated. Polyp was
removed by endoscopic
mucosal resection. (b)
Microscopically, the polyp
showed a marked serration
and dilated, mucus-filled
T-shaped (‘anchor’) crypts,
corresponding to a sessile
serrated adenoma/polyp

distribution within the colon. HPs are considered of less clinical importance,
especially if they are diminutive and located in the rectosigmoid. It is unclear
whether some MVHP can progress to SSA/Ps. The significance of GCHP is poorly
understood; some authors have suggested that it may represent the precursor lesion
of TSA.

Sessile serrated adenomas (SSAs) are often subtle, appear flat or slightly ele-
vated, and can be covered by yellow mucus. They are typically found in the proxi-
mal colon and they are usually larger than 0.5 mm. Histologically, the serrations are
more prominent than those of hyperplastic polyps and involve the entire length of
the crypt (Fig. 15.1). SSA/Ps, especially when cytological dysplasia is present, are
considered the main precursors of serrated colorectal carcinomas [6, 7]. They
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Table 15.2 Revised World Health Organization (WHO) criteria for SPS

Criterion 1. 5 or more serrated polyps proximal to the sigmoid colon, 2 of them larger than
10 mm.

Criterion II. Any number of serrated polyps proximal to the sigmoid in an individual who has
any first-degree relative with SPS

Criterion I11. More than 20 serrated polyps distributed throughout the colon

represent approximately 5-25% of all SPs and are found in 3.3% of average risk
population [8].

Traditional serrated adenomas (TSAs) are less common than other types of SPs
(1%). The majority of them are located at the distal colon, they are often >5 mm,
and their endoscopic appearance resembles conventional adenomas. The histopath-
ological features of TSA are quite characteristic, often showing a complex and dis-
torted tubulovillous or villous (“filiform”) configuration.

Serrated polyposis syndrome (SPS) is a condition characterized by the combina-
tion of large and/or numerous serrated lesions spreading throughout the colorectum
with an increased life-time risk of CRC [9-14]. Revised World Health Organization
(WHO) criteria for SPS are represented in Table 15.2. Although arbitrary, this defi-
nition has been useful to standardize the diagnosis and treatment, as well as to
prompt research in such a field.

While the prevalence of SPS remains unknown, this syndrome is emerging as
one of the most common colorectal cancer polyp syndromes. Endoscopic detection
and histopathological characterization is a challenge in clinical practice. Increased
awareness of serrated polyps has likely improved the diagnosis of SPS, suggesting
that the prevalence is greater than initially reported. Indeed, prevalence of SPS in
primary colonoscopy or sigmoidoscopy screening programs was reported to be
<0.1%, while recent data suggest a four-time higher prevalence [8]. The prevalence
of SPS in preselected screening populations based on a positive fecal immunochem-
ical test (FIT) has been reported to be considerably higher (0.34-0.66%) [15, 16].
Moreover, SPS is often missed during a first screening colonoscopy. The rate of SPS
after follow-up, as reported in the FIT-based screening cohort (0.8%) and in primary
colonoscopy cohort (0.4%), seems to be more accurate estimates of the true preva-
lence of SPS.

Initial small series of patients with SPS reported up to 70% rates of CRC [14], a
figure that probably traduced an important selection bias, overestimating the per-
ception of CRC in SPS. The prevalence of CRC reported in subsequent studies, with
a larger number of patients, showed a lower risk between 7% and 35% [11, 17-21].
Few studies have tried to stratify the CRC risk based on clinical risk factors [20, 22,
23]. Indeed, patients who fulfill both WHO criteria I and III, the presence of
advanced adenomas or dysplasia within serrated polyps, and the number of SSA/P
are factors that have been associated with an increased risk of CRC in SPS patients.
However, cancer risk in patients fulfilling criterion II remains controversial. Since
proximal SPs are detected in 4.7-12.2% of the screening population [8], this
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criterion is probably leading to an overdiagnosis of SPS and should be revised in the
near future.

This high prevalence of CRC is far from the rate of incident CRC observed in the
two largest and most recent cohorts of patients with SPS. Current observations sug-
gest that once patients with SPS undergo endoscopic surveillance with polyp
removal (at least those >3 mm), the CRC risk is very low (5-year-cumulative inci-
dence of CRC around 2%) [22, 23].

1.2 Clinical Characteristics

Characteristics of patients with SPS have been defined mainly based on the publica-
tion of series of cases, with significant heterogeneity in the description of the clini-
cal, endoscopic, and histological features. There is no apparent sex predominance
and the mean age at diagnosis is between 50 and 60 years. Cigarette smoking his-
tory and overweight/obesity have been associated with an increased risk of develop-
ing serrated polyps [24], suggesting that environmental factors are involved in the
pathogenesis. In this sense, current smoking has been strongly associated with the
presence of advanced SP [25]. However, recent studies suggest that the pathogene-
sis of SPS might be different in smokers and non-smokers [24]. History of smoking
(current and former smokers) is significantly associated to fulfillment of WHO cri-
terion III only, compared with non-smokers [23]. Additionally, the CRC risk seems
to be smaller in the smokers than in the non-smokers [23]. Future research needs to
clarify the role of smoking in SPS and might influence the options for therapy and
surveillance for smokers in the near future.

Some authors have suggested the existence of various phenotypes within the SPS
definition. Some patients display a right-sided phenotype with large SSA/P (i.e.,
criterion I), some present with a left-sided phenotype with a greater amount of small
polyps (i.e., criterion III), and others show a mixed phenotype with shared features
of the previous phenotypes [20]. As mentioned, patients who fulfill both WHO cri-
teria I and I1I seem to be at increased risk to be diagnosed with CRC, compared with
patients who fulfill WHO criterion I or WHO criterion III only [23]. Conventional
adenomas frequently coexist with serrated polyps in patients with SPS. There is no
clear evidence of an increased risk of extracolonic neoplasms in patients with SPS
and their relatives [12].

Between 10 and 50% of SPS patients report a family history of CRC [14, 18-21,
26, 27], and first-degree relatives of SPS patients have an increased risk for both
CRC and SPS compared with the general population. In the largest series, the stan-
dardized incidence ratio of CRC in first-degree relatives of patients with SPS was
approximately five times that of the general population [20].
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1.3 Clinical Management

Due to the high risk of CRC in patients with SPS, scientific societies recommend
1-year endoscopic surveillance in all patients with SPS diagnosis [28]. Patients
undergoing annual colonoscopy surveillance in experienced centers, with removal
of polyps >3 mm, show a low risk of developing CRC (<2% in 5 years) [12, 22].
Ongoing follow-up studies are evaluating whether endoscopic surveillance can be
performed at longer time intervals in a subset of patients that do not display CRC
risk factors.

Surgical management should be restricted to cases with severe polyposis that is
unmanageable endoscopically, unresectable large lesions, or the presence of
CRC. The decision for an extended (total colectomy with ileo-rectal anastomosis if
the rectum is spared) vs. segmental colectomy needs to be individualized for each
patient. After surgery, it is advisable to conduct surveillance of the remaining col-
orectum every 6—12 months for the risk of metachronous lesions.

First-degree relatives of patients with SPS should undergo CRC screening start-
ing at the age of 35-40 years or 10 years before the age of diagnosis of the youngest
affected family member [29, 30].

2 Molecular Features and Pathogenesis

2.1 Serrated Pathway of Carcinogenesis

The serrated pathway has recently emerged as an alternative pathway leading to
sporadic CRC. The well-characterized molecular changes associated with serrated
pathway are (1) mutations in BRAF and KRAS oncogenes, (2) microsatellite insta-
bility (MSI), and (3) CpG island methylator phenotype (CIMP) (Fig. 15.2).

The mitogen-activated protein kinase (MAPK) pathway activation through muta-
tion of the BRAF and KRAS oncogenes leads to uncontrolled cell proliferation. The
most distinct molecular alteration associated with the serrated neoplasia pathway is
a mutation in the BRAF proto-oncogene [31]. Moreover, aberrant hypermethylation
of CpG islands in the promoter region of a gene can result in its silencing. In prac-
tice, the CIMP status of a given lesion is determined by the assessment of the pro-
moter methylation status of a panel 1 of five genes, in which hypermethylation of at
least three genes is considered to be CIMP high and methylation of one or two genes
is considered CIMP low. CIMP-high tumors have been strongly associated with the
serrated neoplasia pathway [32, 33]. An example of a tumor suppressor gene that is
usually silenced in CIMP tumors is the mismatch repair gene MLH . The silencing
of this gene results in sporadic microsatellite instability, comparable to hereditary
microsatellite instability in patients with Lynch syndrome. For this reason, the ser-
rated neoplasia pathway is often referred to as the sporadic microsatellite instability
pathway. However, not all CIMP tumors develop microsatellite instability. The
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Fig.15.2 Serrated pathway of colorectal carcinogenesis. Oncogenic BRAF mutation is detected in
the earliest serrated lesions, especially in MVHP. MLH I methylation leads to MSI tumors. In con-
trast, methylation in other targets (i.e., p/6INK4a, IGFBP7, and MGMT) is associated with MSS
CRCs. Abbreviations: MSI-H high microsatellite instability, MSS microsatellite stability, CIMP
CpG island methylator phenotype

silencing of other tumor suppressor genes, such as p/6INK4a, IGFBP7, and MGMT,
might also have a prominent role in the development of CIMP-high microsatellite
stable tumors.

Serrated pathway of colorectal carcinogenesis is represented in Fig. 15.2.
Oncogenic BRAF (V600E) mutation seems to be the earliest event in the “classical
serrated pathway” that proposes a progression from MVHP — SSA/P — SSA/P
with cytological dysplasia — CRC. This sequence occurs most commonly in the
proximal colon, leading to tumors that show CIMP high.

An alternative serrated pathway has been described, characterized by KRAS
instead of BRAF mutation as earliest event, CIMP low, and progression to TSA
from GCHP. However, this alternate pathway remains poorly understood [34].

Despite the association between SSA/Ps and serrated adenocarcinomas, up to
50% of patients with SPS develop CRC at the rectosigmoid or left colon, and BRAF
mutation is observed only in 33% of CRC [35]. These data suggest that, in the set-
ting of SPS, a considerable proportion of CRCs may arise from an adenoma rather
than serrated polyps. Further prospective studies are needed to clarify the relation-
ship between histopathology and CRC development in SPS [22, 23].
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2.2 Pathogenesis

Given that most patients with SPS are diagnosed in the 50s, with no family history
of polyposis, and a strong association with environmental factors (i.e., smoking)
[21, 23], it has been suggested that, overall, SPS is not an inherited genetic syn-
drome and rather behaves as a complex disorder where disease appears as a conse-
quence of the interaction of genetic susceptibility and environment.

Nevertheless, several lines of evidence support that a small proportion of SPS
could be the phenotypic expression of an inherited genetic syndrome: first-degree
relatives of patients with SPS appear to have an increased risk for both CRC and
SPS [26, 36]. Also, the multiplicity of lesions and the unrelenting and sometimes
rapid development of colorectal neoplasia in affected individuals suggest that, for a
minority of cases, a genetic basis is yet to be discovered. Both autosomal and reces-
sive patterns of inheritance have been described. Biallelic MUTYH mutations have
been reported in some patients fulfilling the WHO criteria of SPS usually in the
context of a concomitant attenuated form of adenomatous polyposis [37].
Additionally, studies in individual families have reported linkage to loci on chromo-
somes 1p and 2q [37]. Despite of these findings, the genetic basis of SPS remains
largely unknown.

3 RNF43-Associated Serrated Polyposis

BRAF or KRAS mutations that are associated with serrated polyps are alone insuf-
ficient to induce intestinal tumorigenesis. After a short period of hyperproliferation,
crypt cells undergo growth arrest due to metabolic and replicative stress, a process
termed oncogene-induced senescence. Recently, a whole-exome sequencing study
of 20 unrelated subjects with multiple SSA/Ps identified mutations in several puta-
tive genes (ATM, PIF1, TELO2, XAFI, RBLI, and RNF43) functionally related to
oncogene-induced senescence [37].

RNF43 is an E3 ubiquitin ligase expressed in colon stem cells that acts as a Wnt
inhibitor by targeting Wnt receptors for degradation. It regulates Wnt signal strength
through the R-spondin/LGR5/RNF43 module, with its effect antagonized by the
Whnt amplifier R-spondin [38, 39]. In the mentioned study, two patients shared the
same germline nonsense mutation in RNF43 (p.R113X), indicating that it is also
associated with multiple serrated polyps (odds ratio, 460; 95% confidence interval,
23.1-16.384; p = 6.8 x 107).

Another study reported a family with two siblings carrying germline nonsense
RNF43 mutation (p.R132X) and numerous serrated polyps at a young age, one of
whom developed a CRC with microsatellite instability (MSI) [40].

More recently, Yan et al. [41] reported the results from a combination of whole-
exome sequencing and target gene Sanger sequencing to study SPS families, spo-
radic SPs, and CRCs. In one out four SPS families, exome sequencing identified a
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germline likely pathogenic mutation in RNF43 (c.953-1G > A; ¢.953_954delAG;
p.E318fs). This mutation was detected in two siblings who fulfilled WHO criteria I
and/or III for SPS and also in a third sibling with one SP proximal to the sigmoid
(criterion II of WHO) and a rectal cancer diagnosed at 49 years old. Several SPs at
right colon were also detected during screening colonoscopy in the two children of
this last case (both confirmed gene carriers). One gene carrier could not be screened,
and the other four family members that did not carry the germline mutation had
normal colonoscopies. In addition, RNF43 second hit by loss of heterozygosity or
somatic mutation was observed in all serrated polyps (n = 16), adenomas (n = 5),
and CRCs (n = 1) arising from germline RNF43 mutation carriers. Concurrently,
somatic RNF43 mutations were identified in 34% of sporadic SSAs/TSAs, but 0%
of HPs. Another recent study also reported frequent RNF43 somatic mutations in
SPs [42].

The results reported by Yan et al. suggest that germline RNF43 mutations are
responsible for a subgroup of SPS patients, and that should become part of the rou-
tine germline testing in SPS patients.

4 Unexplained Serrated Polyposis

After Yan et al. publication, the results of two genetic screens of a large cohort of
individuals with SPS have been published [43]. The 295 individuals of these cohorts
were recruited from the Genetics of Colorectal Polyposis Study. The first screen
comprised 74 individuals with SPS selected based on early age at diagnosis, high
numbers of SPs throughout the colon, and having a first-degree relative with SPS or
CRC. By performing whole-exome or whole-genome sequencing, no pathogenic
variants were identified; however, two uncommon non-synonymous variants pre-
dicted to be damaging were detected in a single carrier each (RNF43 NM_017763;
exon6, c.C640G; p.L214 V and exon4, c.C443G; p.A148G). A second targeted
genetic screen was performed specifically testing for the RNF43 p.R113X and
p-R132X variants to determine their prevalence in individuals with SPS (n = 221).
None of the tested individuals with SPS were carriers of either of these two RNF43
germline pathogenic variants.

The scarcity of RNF43 germline pathogenic variants in these 295 patients with
SPS indicates that mutations in RNF43 may account for only a small proportion of
SPS suggesting that additional genetic risk factors for SPS are yet to be identified.
Given these results, it is likely that the underlying genetic cause of SPS is geneti-
cally complex and heterogeneous.
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4.1 Future Directions

Serrated polyposis syndrome is an emerging disease associated with an increased
CRC risk. Although a great body of evidence has emerged in the last decade, many
challenges remain ahead:

e Reassessment of the WHO definition criteria. Based on current knowledge, some
aspects of the current WHO guidelines for the diagnosis of SPS could be chal-
lenged. Current diagnostic criteria exclude lesions based on their location in the
rectosigmoid. This seems mainly due to the fact that diminutive HPs in the rec-
tosigmoid should probably not be taken into account for the diagnosis of
SPS. However, up to 50% of CRC in SPS occur in this location. Accordingly, it
would seem reasonable to reassess the WHO criteria and not exclude lesions
purely on their location without taking into account their size and histopathol-
ogy. Also, as mentioned above, WHO criterion II should be probably removed
from the definition of SPS. These adjustments to the current WHO guidelines
could help in defining those patients who are at risk of developing CRC.

e CRC risk stratification. Which patients benefit most from surveillance colonos-
copy or prophylactic surgery? Future studies should mainly focus on the safety
and feasibility of personalized treatment and surveillance for patients with SPS
according to CRC risk factors in order to decrease the colonoscopy burden as
well as the incidence of colonoscopy interval CRCs.

e Improving colonoscopy diagnosis. The detection rate of serrated polyps is widely
variable among endoscopists [44].The role of ancillary techniques (narrow band
imaging, chromoendoscopy) needs to be defined in SPS.

e Unraveling the genetic cause of SPS. Although it is likely that the majority of the
highly penetrant familial CRC genes have been already discovered, it is likely
that SPS displays genetic heterogeneity and new candidate genes wait to be dis-
covered. Moreover, the role of low- or moderate-penetrance genes that interact
with other genetic variants and/or environmental factors (i.e., smoking) will need
to be clarified.
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