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Abstract

Objectives—To establish sessile serrated adenoma/polyps (SSA/Ps) as direct precursors of CRC,
we identified colon carcinomas (CC) arising from SSA/Ps and examined molecular features of the
serrated neoplasia pathway.

Methods—Thirty-three CCs arising from SSA/Ps were identified among 2,646 CCs included in
the surgical pathology database at Mayo Clinic (2006-2012). Mutant BRAF (V600E) and MLH1
protein expression were analyzed by immunohistochemistry.

Results—Among patients with SSA/P-associated CCs, median patient age was 75 yrs., 24 (73%)
developed in women, 31 (94%) were located in the proximal colon, and 23 (69%) were TNM
stage | or 1l cancers. Furthermore, 31 (94 %) CCs expressed mutant BRAF of which 26 (79%) also
showed MLHL1 loss indicating deficient DNA mismatch repair (dAMMR) of sporadic origin.
Twenty-two (67%) were interval cancers that were more common in women and did not differ
significantly by TNM stage, BRAF, or MLH1 status.

Conclusions—Direct histopathological evidence of colon carcinoma arising from SSA/P with
frequent dysplasia was found. Cancers arising from SSA/Ps were predominantly right-sided and
had mutated BRAF and MLH1 loss which supports the SSA/P as the predominant precursor of
sporadic colon cancers with dAMMR.
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INTRODUCTION

Approximately 20% of colon cancers (CCs) develop via a serrated neoplasia pathway with
the precursor lesion being the sessile serrated adenoma/polyp (SSA/P).1: 2 While CCs
commonly contain adenomatous polyp tissue, direct histopathological evidence for CCs
arising from SSA/Ps is sparse. Compared to adenomas, SSA/Ps typically lack dysplasia and
have different molecular features.3 An initiating molecular event in this pathway is
mutational activation of the BRAF oncogene that is detected in approximately 80% of
SSA/Ps.* SSA/Ps also display frequent hypermethylation at CpG islands in the promoter
regions of cancer-associated genes that is termed CIMP (CpG island methylator phenotype.2
The subset of sporadic CCs with deficient DNA mismatch repair (IMMR) show
hypermethylation of the MLHZ MMR gene and are enriched in BRAFY699E mutations,
suggesting that SSA/Ps may be precursor lesions of AMMR cancers and potentially, tumors
with mutated BRAF and proficient (p) MMR.>

Given the predilection of SSA/Ps for the right colon and difficulty in their endoscopic
detection due to flat morphology, it has been speculated that SSA/Ps may contribute to the
reduced effectiveness of colonoscopy to protect against right versus left sided colon
cancers.b Furthermore, SSA/Ps are potential precursors of interval colon cancers, defined as
cancers that are detected between recommended intervals for screening or surveillance
colonoscopy.’

We sought to establish SSA/Ps as direct precursors of CC by identifying colon cancers
arising from SSA/Ps, and by examining key molecular features of the serrated neoplasia
pathway.

Materials and Methods

Study Population

From surgical pathology database at the Mayo Clinic (2006—-2012), colorectal (CRC) cases
(N=2,646) were identified and those with SSA/P and CRC were selected and re-reviewed
histopathologically by a Gl pathologist (T.C.S.) to confirm those with adenocarcinomas that
was contiguous/adjacent to SSA/P tissue (N=33). Patient records were reviewed for
demographics, tumor TNM, indications for and details of prior colonoscopic exams, and
time between screening or surveillance colonoscopy to CRC diagnosis. Tumor location was
categorized as proximal to the splenic flexure or distal which included the splenic flexure or
distal to it. Interval cancers were defined as those diagnosed after a negative screening or
surveillance colonoscopy for CRC and before the next recommended exam.” The study was
approved by the Institutional Review Board of the Mayo Clinic.
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Biomarker Analysis

RESULTS

Formalin-fixed, paraffin embedded (FFPE) tissue sections were analyzed by
immunohistochemistry (IHC). Staining for BRAF was performed with a pan-BRAF
antibody (pBR1 clone; Spring Bioscience, Inc., Pleasanton, CA) diluted 1:100 at 37°C for
16 min. We then used an anti- BRAFV600E mouse monoclonal antibody (VEL1 clone;
Spring Bioscience, Inc.) raised against an immunogenic synthetic peptide derived from the
internal region of the BRAFV600E protein.8 Tissue sections were incubated with the VE1
antibody (diluted 1:45) at 37°C for 16 min. Proteins were detected using the OptiView DAB
Detection Kit (MVentana). For immunohistochemistry to detect MLH1, antigen retrieval was
performed and slides were incubated with the primary antibody (MLHZ; dilution 1:10) for 1
hr at room temperature, as previously described.® For the VE1 antibody, the slides were
assessed for cytoplasmic staining only, and any nuclear staining or weak staining of
interspersed cells was scored as negative. MLH1 expression was defined as absent when
nuclear staining of tumor cells was not detected in the presence of positive staining in
surrounding cells. Loss of MLH1 expression was interpreted to indicate dAMMR.
Immunostained slides were evaluated independently by two pathologists (T.C.S., A.J.).

Of the 2,646 CRC cases contained in the Mayo Clinic surgical pathology database over the
time period of 2006-2012, we selected and reviewed all cases with both CRC and SSA/P.
We identified 33 colon adenocarcinomas that were confirmed to arise within or adjacent to
an SSA/P and served as the study cohort. Within these SSA/Ps, we detected a subset [16
(48%)] that contained dysplasia in addition to the associated carcinoma, which indicates a
SSA/P to dysplasia to carcinoma sequence (Figure 1). The median age of patients with
SSA/P-associated cancers was 75 years (range: 64-92 years) with 73% of cancers occurring
in women. Most of the cancers were early stage: TNM stage of 0-1 (36%), 11 (33%), 11
(27%), and 1V (3%), and the majority (94%) of cancers were located proximal to the splenic
flexure.

Serrated Neoplasia Pathway

We analyzed mutant BRAF protein expression that results from the ¢.1799T>A p.V600E
BRAF point mutation in exon 15. Immunohistochemical detection of BRAFVY600E mytant
protein using the VE1 antibody in CRC has been shown to be concordant with molecular
testing in most10-13 but not all*4 studies. Mutant BRAFV800E protein expression was
detected in all SSA/Ps and in 31 of 33 (94 %) SSA/P associated carcinomas. All cases were
analyzed for MLH1 protein expression and among cancers expressing mutant BRAFV600E
proteins, MLH1 loss was detected in 26 (79%) indicating dMMR of sporadic origin. Figure
2 A-C shows adenocarcinoma arising within an SSA/P with expression of mutant
BRAFV600E and loss of MLH1. While the majority of colon cancers associated with SSA/Ps
showed dMMR, 21% of cancers with mutant BRAF proteins showed intact MLH1
indicating proficient MMR (pMMR) as shown in Figure 2 D-F. In addition, there were two
cancers with wild-type BRAF proteins and intact MLH1 expression also consistent with
pPMMR.
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Interval vs Non Interval Cancers

Two-thirds of colon cancer cases [22/33 (67%)] were diagnosed between the recommended
colonoscopic screening or surveillance interval, thus meeting the definition of interval
cancers.’” The mean interval from prior colonoscopy to CC diagnosis was 42 months (range:
12-96 months). The majority of interval cancers were found in the proximal [21/22 (95%)]
vsdistal colon as previously reported.® Indications for colonoscopy that detected cancer
were screening (2/33; 6%), polyp surveillance (9/33; 27%), or evaluation of symptoms
(22/33; 67%). Patients with interval vsnon-interval cancers were more likely women, but no
significant differences were found by TNM stage or by BRAF or MMR status.

DISCUSSION

Limited histopathological evidence exists to indicate that SSA/Ps can serve as precursor
lesions of CRC.15: 16 We found 33 CCs that arose within or contiguous to an SSA/P, and this
progression was accompanied by dysplasia in approximately 50% of these SSA/Ps.
Furthermore, we identified molecular features of the serrated neoplasia pathway whereby all
SSA/Ps expressed mutant BRAF proteins and 79% of SSA/P-associated cancers showed
MLH1 loss indicating sporadic MMR deficiency. Together, these data support histologic
progression from SSA/P to dysplasia to carcinoma.

The initiating molecular event in the development of SSA/Ps is believed to be an activating
point mutation (V600E) in the BRAF oncogene.! Hypermethylation of MLH1 has been
shown to coincide with the development of both dysplasia and dMMR with MSI in SSA/P.17
In addition to near uniform BRAF mutations in SSA/P-associated cancers, we found loss of
MLH1 in 79% of tumors in this cohort suggesting that SSA/Ps are precursor lesions
primarily for sporadic dMMR/MSI colon cancers.

In contrast to colon cancer associated SSA/Ps described in this report, SSA/Ps detected at
colonoscopy infrequently contain dysplasia. In a large retrospective study of SSA/Ps
removed at colonoscopy and not associated with cancer, the overall prevalence of dysplasia
was 5%.18 We detected a high rate of dysplasia (48%) in SSA/Ps associated with cancer
which supports a dysplasia to carcinoma sequence within SSA/Ps. SSA/Ps are believed to
have the potential for rapid growth once dysplasia develops.1® Potentially, this may account
for the paucity of colon cancers that arise within SSA/Ps compared to conventional
adenomas due to rapid replacement of the SSA/P tissue by carcinoma. The relatively low
prevalence of dysplasia in SSA/Ps without associated cancer suggests that only a small
subset of these lesions have the potential for progression to cancer. This is supported by
longitudinal observations on 23 large SSA/P found at screening colonoscopy that were left
in situand did not progress to cancer over a median of 11 years.20 This finding suggests that
epigenetic silencing of MLH1 may be the critical step for SSA/P to progress to dysplasia
and subsequent cancer.1’. We acknowledge that our series of cancer-associated SSA/Ps
represent a highly selected subset for which additional research is needed to identify factors
associated with cancer predisposition. In addition, a limitation of our study was the
requirement for contiguous SSA/P and carcinoma that may select for earlier stage cancers.
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Within our patient cohort, two-thirds of CRC cases [22/33 (67%)] met the definition of
interval cancers.” The majority of SSA/P-associated interval cancers had dMMR which is
consistent with a large, observational study where interval vsnon interval colon cancers had
a significantly higher rate of MSI/dMMR?2L, Our data suggest that SSA/Ps give rise to
sporadic dMMR colon cancers that may disproportionately contribute to interval cancers. In
our series, nearly all (95%) interval colon cancers occurred in the right colon where SSA/Ps
and dMMR tumors preferentially occur.

In conclusion, our data provide direct histopathological evidence that SSA/Ps are precursor
lesions of colon carcinomas. When associated with cancer, SSA/Ps were found to frequently
contain dysplasia, consistent with an SSA/P to dysplasia to carcinoma sequence via the
serrated neoplasia pathway. The finding of mutant BRAF combined with loss of MLH1 in
the majority of SSA/P-associated cancers indicates that SSA/Ps are precursor lesions of
sporadic dAMMR/MSI colon cancers. Two-thirds of SSA/P-associated cancers were
suspected interval malignancies of the proximal colon. Taken together, our data provide
histopathological proof of the association of SSA/Ps with colon cancer and provide
supportive evidence for SSA/Ps as precursors of sporadic AIMMR/MSI colon cancers.
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dMMR DNA mismatch repair
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Figure 1.
Carcinoma arising within an SSA/P. Inset shows serrated polyp to dysplasia to carcinoma

pathway (star indicates SSA/P, quad arrow shows dysplastic component, arrow labels
carcinoma).
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Figure 2.
A-C shows MSI cancer arising in SSA/P with BRAF mutant protein expression in SSA/P

and cancer with MLH1 loss. D-F shows a microsatellite stable cancer arising in an SSA/P
that expresses mutant BRAF and MLH1 proteins.
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