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Abstract

Purpose of review To present the current understanding of the diagnosis, management, and
potential genetic causes of serrated polyposis syndrome.

Recent findings The clinical criteria for serrated polyposis syndrome was recently updated
and now includes individuals with five or more serrated polyps proximal to the rectum that
are 5 mm in size or greater and at least two that are 10 mm in size of greater as well as
individuals with 20 or more serrated polyps throughout the colon with at least five
proximal to the rectum. There is a significant risk for colon cancer in first-degree relatives
of individuals with serrated polyposis syndrome. However, less than 3% of serrated
polyposis syndrome cases are explained by identifiable germline mutations, with muta-
tions in RNF43 being the only currently validated genetic cause.

Summary Serrated polyposis syndrome is rarely explained by identifiable germline muta-
tions, but there remains an increased risk for colorectal cancer in first-degree relatives.
Referral for genetic counseling and testing is recommended for individuals with serrated
polyposis syndrome and a personal history of coexisting adenomatous polyposis or with a
concerning family history and can be considered for all individuals with serrated polyposis
syndrome. Close endoscopic surveillance of those with serrated polyposis syndrome and
their first-degree relatives is recommended. Continued efforts at identifying hereditary
causes of serrated polyposis are needed.
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Introduction

Serrated polyps in the colon and rectum are character-
ized by the saw-tooth architecture of the epithelial com-
partment on histology. This incorporates a range of
subtypes including the synonymous sessile serrated ad-
enomas and sessile serrated polyps (referred to as SSA
throughout this review) and traditional serrated adeno-
mas, all of which are precursors to malignancy, as well as
benign hyperplastic polyps [1]. Hyperplastic polyps are
predominantly small (less than 5 mm in size) and lo-
cated in the distal colon and rectum while SSAs are
typically larger and located in the proximal colon [2].
These polyps can be difficult to differentiate by patho-
logic morphology and have undergone multiple
reclassifications and shifts in terminology over time
which can add to the confusion [3].

There is now convincing evidence that patients with
SSAs, large serrated polyps, and/or proximal serrated
polyps have increased risk of colorectal cancer [4-6].
Given the difficulty in accurate characterization of SSAs
from hyperplastic polyps and the importance of size and
location, it is recommended to consider any proximal
serrated lesion over 1 cm in size as an SSA independent
of pathologic interpretation when recommending endo-
scopic surveillance intervals [2]. The increasing recogni-
tion of the importance of these polyps and their link to

Diagnostic criteria for SPS

colorectal cancer has led to increased detection rates
despite their subtle appearance (Fig. 1) [7, 8].

It was recognized that cohorts of patients with mul-
tiple serrated polyps in the colon manifested a substan-
tially increased risk for colorectal cancer [9-15]. This
condition was initially termed hyperplastic polyposis,
but terminology has shifted to serrated polyposis syn-
drome (SPS) as a more accurate description [1]. A clin-
ical definition was proposed by Burt and Jass in 2000
and a similar schema codified by the World Health
Organization (WHO) continues to be used today [16].
The prevalence of SPS is reported to be 0.09-0.4% in
average-risk patients undergoing colonoscopy screening
to 0.3-0.8% in patients undergoing high-risk screening
after positive fecal occult blood testing or fecal immu-
nochemical testing [17, 18, 19-21]. Current estimates
for the prevalence of colorectal cancer in SPS are 15.8-
29.3% [15, 22]. In one large cohort, the 5-year cumula-
tive incidence of colorectal cancer in patients undergo-
ing active endoscopic surveillance was 1.5% [22].

Despite its phenotypic roots, it has been hypothe-
sized that SPS has a genetic basis similar to other hered-
itary cancer syndromes [23-25]. This review will focus
on the current understanding of the potential genetic
causes, diagnosis, and management of SPS.

Since their introduction in 2000, the WHO diagnostic criteria for SPS have been
broadly used to define the syndrome. An updated set of diagnostic criteria were
released by the WHO in 2019 [26e¢]. The diagnosis of SPS can now be made by
five or more serrated polyps proximal to the rectum that are > 5 mm in size with
atleast two being > 10 mm in size or with 20 or more serrated polyps of any size
distributed throughout the colon, with at least 5 proximal to the rectum
(Table 1). It is important to note that the polyp count to meet a diagnosis of
SPS is meant to be cumulative over multiple procedures and that any subtype of
serrated polyp should be included.

The new criteria also allow for further categorization of individuals with SPS
by phenotype, which may aid future attempts at risk assessment. “Type 1
phenotype” can be used to describe those meeting criterion 1 and “type 2
phenotype” can be used for those meeting criterion 2 [26ee]. Interestingly, this
mirrors a previous categorization schema that was not widely adopted but is
used in some older publications [27].

This update is a major adjustment. The criterion that allowed for an SPS
diagnosis with any number of serrated polyps proximal to the sigmoid colon in
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Fig. 1. Endoscopic images of a typical sessile serrated adenoma from an individual with serrated polyposis syndrome. A subtle
mucous cap is often noted covering sessile serrated adenomas (panel a). Narrow-band imaging can be used to highlight the polyp
and the mucous cap appears red with this modality (panel b). Submucosal injection of saline and methylene blue or other contrast
agents can facilitate identification of the borders of sessile serrated adenomas for complete resection (panel c).

an individual with a first-degree relative with SPS was eliminated. Continued
changes are likely in the future. SPS encompasses a wide spectrum of phenotypes,
and the criteria will continue to be optimized as associated risks are better defined.

The great majority of the work discussed within this review utilizes the WHO
2010 diagnostic criteria [1]. This allowed for a diagnosis of SPS with 5 serrated
polyps proximal to the sigmoid colon with 2 or more > 10 mm in size, any
number of serrated polyps proximal to the sigmoid colon in an individual with
a first-degree relative with a diagnosis of SPS, or more than 20 serrated polyps of
any size distributed throughout the colon.

Genetic causes of SPS

RNF43

Strides have been made over the last 5 years to identify potential germline
causes of SPS, although identifiable germline mutations currently explain less
than 3% of SPS cases [28]. Further whole exome sequencing (WES) or genome-
wide association studies are needed to continue to identify genetic variants
associated with SPS.

The association between SPS and RNF43 was first made by Gala et al. in 2014.
They studied 20 patients meeting modified WHO criteria for SPS using WES. Two

Table 1. World Health Organization diagnostic criteria for serrated polyposis (Updated in 2019)

Criterion 1. Five or more serrated lesions/polyps proximal to the rectum, all being =2 5 mm in size, with = 2 being = 10 mm in size

Criterion 2. More than 20 serrated lesions/polyps of any size distributed throughout the colon, with = 5 being proximal to the

rectum

From: Rosty C, Brosens LAA, Dekker E, Nagtegaal ID. Serrated polyposis. In: Lokuhetty D, White VA, Watanabe R, Cree IA, editor. WHO
Classification of Tumours: Digestive System Tumours. Lyon, France: International Agency for Research on Cancer; 2019. p. 532-4. Licence: CC BY-

NC-SA 3.0 IGO
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unrelated individuals were found with a novel germline mutation in RNF43
(c337C>T, p.R113X). Both individuals had personal histories of multiple SSAs
and a family history of colorectal cancer. The authors concluded that nonsense
variants in RNF43 are associated with multiple serrated polyps [29].

In 2015, Taupin et al. identified a small family with an impressive pheno-
type of SPS and performed WES on the kindred. This included an affected
sibling pair, one with colon cancer at age 23 in the setting of over 50 large SSAs
and another with over 60 serrated polyps at the time of a subtotal colectomy. A
nonsense mutation in RNF43 (c.394C > T, p.R132X) was identified in both
affected siblings and was absent from an unaffected sibling. This was confirmed
by Sanger sequencing. As this mutation segregated with SPS in the family,
further evidence was added to the link between RNF43 and SPS [30].

Further support of the connection between RNF43 and SPS came in 2017
when Yan et al. identified a germline RNF43 mutation (c.953-1G > A, p.E318fs)
from WES that was confirmed to cause aberrant splicing and resulted in a
truncated protein. This mutation segregated with disease in one of four families
analyzed. The authors provided further evidence by finding second-hit inacti-
vation by somatic mutations or loss of heterozygosity for RNF43 in all of the
serrated polyps and the cancer they examined from affected individuals [31ee].

Dampening the enthusiasm for the prevalence of RNF43 mutations in SPS
was work done on a large cohort of individuals with SPS from a multi-national
registry in 2017 [32ee]. WES or whole genome sequencing was performed on
74 subjects selected for young age of diagnosis, severe phenotype, or positive
family history of SPS or colorectal cancer. Two individuals were identified with
RNF43 missense variants (c.640C > G, p.L214 V and c.443C > G, p.A148G)
predicted to be damaging by in silico models. In addition, they performed
targeted genetic testing in 221 additional subjects with SPS for the specific
nonsense mutations described by Gala et al. and Taupin et al. and did not find
any who carried these mutations [29, 30]. This study concluded that RNF43
likely accounts for only a small proportion of SPS and that routine germline
testing may not be indicated.

Quintana et al. performed Sanger sequencing of RNF43 in 96 individuals
with SPS in 2018 and found one subject with a previously reported RNF43
mutation (¢.394C > T, p.R132X). In addition, an additional subject was found
to have a novel RNF43 variant (¢.1821G > A, p.S607=), although this was
deemed unlikely to have a deleterious effect after RNA testing [33].

Other potential genes

A germline mutation in EPHB2 has been reported as potentially causative in an
individual with SPS [34]. Other potential contributors found through WES
analysis include ATM, PIF1, RBL1, TELO2, and XAF1 [29]. These findings have
not been replicated and their potential relevance remains unconfirmed.

Overlap with other hereditary cancer syndromes

MUTYH-associated polyposis

MUTYH-associated polyposis (MAP) is an adenomatous polyposis syndrome
caused by biallelic mutations in the MUTYH gene. Multiple serrated polyps
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have been reported in individuals with MAP, including those meeting diagnos-
tic criteria for SPS.

The initial report of this overlap was from Chow et al. in 2006 who studied
38 patients with multiple serrated polyps (including 32 meeting criteria for
SPS) and performed analysis of MUTYH and MBD4. One individual was
identified with biallelic MUTYH mutations that had 40 tubular adenomas in
addition to over 20 hyperplastic polyps [35]. Boparai et al. described three
patients with MAP with over 10 small serrated polyps that reportedly met SPS
diagnostic criteria. Importantly, all patients also had at least 25 tubular adeno-
mas and met clinical criteria for adenomatous polyposis [36].

To further assess this potential link, a cohort of 405 patients with more than
10 polyps of any histology proximal to the rectum were studied for MUTYH
mutations. One patient out of 40 meeting WHO criteria for serrated polyposis
in the study was found to have MAP. This patient did not have any reported
adenomas [37].

In a study of 65 patients with SPS, no pathogenic variants were identified in
BMPRI1A, SMAD4, PTEN, MUTYH, or GREM1 [38]. Similarly, no pathogenic
variants were found in a study of 29 individuals meeting SPS criteria that had
APC, MUTYH, and PTEN analyzed [39]. While the two studies mentioned above
did not replicate the findings of MAP in individuals with SPS, there is still
potential overlap in the clinical phenotype. Individuals with SPS (especially those
with multiple adenomas) should be considered for germline testing for MUTYH.

Lynch syndrome

Familial risk

Although proximal serrated polyps were initially reported to be unusual in
Lynch syndrome, more recent work has found their prevalence to be equivalent
to the general population [40, 41]. There is a report of a patent with a patho-
genic variant in MLH1 with metachronous colon cancers who also met WHO
criteria for SPS with over 50 small left-sided serrated polyps [42]. There is
another description of an individual with an MLH1 pathogenic variant and
metachronous colon cancers who did not meet SPS diagnostic criteria but had
11 small serrated polyps (with the majority in the right colon) [43].

There is convincing evidence that the risk of colorectal cancer and SPS is
increased in close relatives of individuals with SPS, despite the lack of a clear
inheritance pattern or identified germline causes. The first large scale study to
assess this included a retrospective review of 347 first-degree relatives from 57
families and showed a relative risk for colorectal cancer of 5.4 (95% CI 3.7-7.8)
and a relative risk for SPS of 39 (95% CI 13-121) [44]. A subsequent large,
multi-national retrospective study analyzed 1,639 first- and second-degree
relatives from 100 probands. This study identified a significantly increased
standardized incidence ratio for colon cancer of 5.16 (95% CI 3.7-7.3) for
first-degree relatives and mildly increased incidence ratio for second-degree
relatives of 1.38 (95% CI 1.01-1.91) [45]. This study also noted an increased
risk for pancreatic cancer in first-degree relatives of patients with SPS [45]. This
finding was not replicated in another study assessing the risk of extra-colonic
malignancies in relatives of SPS patients [46].
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Treatment of SPS

There is evidence that the WHO diagnostic criteria may be too stringent and
are not yet optimized to identify the patients with multiple serrated polyps that
are highest risk [47]. In a similar vein, recent work has shown that first-degree
relatives of individuals not meeting diagnostic criteria for SPS but with 10 or
more colon polyps with at least half being serrated polyps had an increased risk
of colorectal cancer that was similar to patients with SPS and their relatives
[48e].

Multiple guidelines recommend frequent surveillance colonoscopy as the
mainstay of treatment for SPS. Once endoscopic control of serrated polyps is
achieved, surveillance is recommended every 1-3 years with interval deter-
mined by polyp burden [1, 49, 50]. Although many endoscopists prefer annual
procedures for these patients, recent data has shown that 2-year intervals for
surveillance colonoscopy are effective [51, 52]. If colorectal cancer or multiple
advanced polyps occur or endoscopic control is no longer possible, surgery with
resection of affected areas of the colon is recommended. This can usually be
accomplished with extended right hemicolectomy or a subtotal colectomy,
although colectomy with ileorectal anastomosis can be considered [2, 49].
Importantly, there are no recommendations for any additional extra-colonic
screening in SPS.

Genetic testing for RNF43 mutations is now available in select commercial
laboratories. Meeting SPS criteria is included as an indication for referral for a
cancer predisposition assessment in some guidelines [53, 54]. Given this, it is
reasonable to refer all patients with SPS for genetic counseling and consider-
ation of genetic testing. However, that is not our clinical practice given the low
yield of currently available testing. We recommend referral for genetic counsel-
ing for patients with a family history of colon cancer or serrated polyposis
consistent with an autosomal dominant inheritance pattern with consideration
of multi-gene panel testing to include RNF43 and other genes associated with
colorectal cancer syndromes.

Given the potential for overlap in phenotype with other hereditary cancer
syndromes, individuals with SPS should also be referred for genetic counseling
and multi-gene panel testing if their personal history is concerning for an
adenomatous polyposis syndrome or if they have a family history that meets
referral criteria for other hereditary cancer syndromes.

If genetic testing is not pursued or is unrevealing, first-degree relatives of
patients with SPS still need close screening given their increased risk for colon
cancer. Current guidelines have minor variations, but generally, it is recom-
mended to initiate colonoscopy at age 40, at the age of the diagnosis of SPS in
the relative or 10 years prior to the diagnosis of colorectal cancer in a first-degree
relative (whichever is youngest). An interval of 5 years between colonoscopies is
recommended if no polyps are noted [1, 2, 50]. Screening colonoscopy in these
relatives has been found to be impactful, with a SSA/proximal serrated polyp or
advanced adenoma found in 14% [55].

It is important to note that until very recently, first-degree relatives of
patients with SPS found to have a serrated polyp proximal to the sigmoid colon
would have met criteria for SPS and started colonoscopy every 1-3 years. This
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criterion was met by 14-32% of relatives [55, 56]. It remains to be seen how
clinical guidelines will change with the adjustment in the 2019 WHO criteria
[26]. Given the increased risk for CRC in these patients, we favor continued
close monitoring of these patients every 1-3 years until further assessment of an
optimized surveillance regimen is published.

Conclusion

SPS as defined by current clinical criteria is uncommon but will increase over
time with growing recognition of the syndrome by endoscopists and increased
detection of SSAs. Despite only a small minority of SPS cases being related to
identifiable germline mutations, there is a significant familial risk for colorectal
cancer. Referral for genetic counseling and multi-gene panel testing should be
considered for SPS patients, especially if there is a concerning family history or a
personal history of coexisting adenomatous polyposis. Close endoscopic sur-
veillance of SPS patients and their first-degree relatives is recommended.
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