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GENETIC COLORECTAL CANCER RISK VARIANTS ASSOCIATED WITH
INCREASING ADENOMA COUNTS
Brian Sullivan, Xuejun Qin, Thomas S. Redding, Ziad F. Gellad, Annjanette Stone, David
Weiss, Ashton Madison, Kellie Sims, Christina D. Williams, David A. Lieberman,
Elizabeth R. Hauser, Dawn Provenzale

Background: Unexplained colorectal adenomatous polyposis is associated with increased
risk for advanced neoplasia. However, individuals with adenoma multiplicity often lack
obvious colorectal cancer (CRC) risk factors or hereditary CRC genotypes. Given that a
genetic predisposition to adenomas may increase susceptibility to CRC, further studies are
needed to characterize low-penetrance germline factors in those with increased cumulative
adenoma counts. Aim: To investigate if known CRC or adenoma-risk single nucleotide
polymorphisms (SNPs) are associated with increasing cumulative adenoma counts in a
prospective screening cohort of Veterans. Methods: The CSP #380 cohort includes 3,121
Veterans age 50-75 who underwent screening colonoscopy from 1994-97 and were followed
for at least 10 years. This cohort includes a biorepository of 612 individuals with baseline
blood samples genotyped using the Illumina Infinium Omni2.5-8 v1.3 BeadChip and associ-
ated cumulative adenoma counts summed over 10 years. A corrected Poisson regression
(adjusted for race and age at last colonoscopy) was used to evaluate associations between
higher cumulative adenoma counts and 43 pre-specified CRC-risk SNPs and a subset of
these SNPs shown also to be associated with adenomas in published literature. SNPs were
evaluated singly or combined in a Genetic Risk Score (GRS). The GRS was constructed from
only the eight adenoma-risk SNPs and calculated based on the total number of present risk
alleles (0-2) summed across all SNPs per individual (both unweighted and weighted for
effect size). Results: Four CRC-risk SNPs were associated with increasing mean adenoma
counts (p<0.05): rs12241008 (gene: VTI1A), rs2423279 (BMP2/HAO1), rs3184504
(SH2B3), and rs961253 (FERMT1/BMP2), with risk allele odds ratio (OR) of 1.32, 1.29,
1.25, and 1.24, respectively. As shown in Table 1, only one known adenoma-risk SNP was
significant in our dataset (rs961253; OR 1.24 per risk allele; p=0.01). An increasing GRS
was not associated with increased cumulative adenoma counts (unweighted OR 1.03, p=
0.42; weighted OR 1.53, p=0.07). When comparing GRS by lower vs upper quartiles, the
GRS was again not associated with cumulative adenoma counts: ORs 1.24 (p=0.27) and
1.32 (p=0.19), unweighted and weighted, respectively. Conclusions: In this CRC screening
cohort, four known CRC-risk SNPs were found to be associated with increasing mean
adenoma counts. Future work will compare a CRC GRS with the adenoma GRS to evaluate
the specificity of the pre-cancerous adenoma GRS. Studies exploring the genetics of CRC
precursor lesions will be important for developing predictive models that can better risk
stratify patients during CRC screening, generating novel CRC screening modalities using
pre-cancer genomic biomarkers, and clarifying tumorigenesis pathways to identify novel
targets for CRC treatment.
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MUTATIONAL LANDSCAPE OF EARLY-ONSET COLORECTAL CANCER
TUMORS IN HISPANICS
Maria Gonzalez-Pons, Lenis N. Rovira Torres, Kelvin Carrasquillo, Ingrid Montes, Julyann
Pérez-Mayoral, Abiel Roche, Anna M. Napoles, Jung S. Byun, Kevin L. Gardner, Eliseo
Perez-Stable, Marcia R. Cruz-Correa

Background: Colorectal cancer (CRC) is the 3rd and 1st leading cause of cancer-related
deaths in men and women in the US and Puerto Rico, respectively. Although the incidence
of CRC has been decreasing, annual CRC incidence rates have increased by more than 1.5%
per year for more than a decade among patients 20 to 49 years old. Early-onset CRC
represents a clinically distinct form of CRC often associated with a poor prognosis, which
currently comprises 10% to 18% of newly diagnosed cases. Moreover, a marked increase
in early-onset CRC incidence has been reported among Hispanics, compared to other racial/
ethnic groups. The aim of this study was to perform whole exome sequencing analysis on
sporadic, early-onset colorectal tumors and concordant healthy colonic mucosa in order to
identify genetic variations that could contribute to the development of colorectal tumors at

S-500AGA Abstracts

a younger age amongHispanics.Methods:Whole exome sequencing analyses were performed
on 42 concordant colorectal adenocarcinoma and colonic mucosa tissue samples from
individuals diagnosed with colorectal cancer at <50 years old to identify somatic and germinal
mutations associated with early-onset colorectal cancer. All participants were recruited by
Puerto Rico Familial Colorectal Cancer Registry (PURIFICAR); only participants without
known mutations in genes associated with hereditary cancer syndromes were included.
Results: A total of 14 shared somatic tumor-specific point mutations were detected in 16
of the 42 early-onset colorectal tumors analyzed. Six of these variants were located in introns
and one was located in an intergenic region. When analyzing normal colonic mucosa, 26,716
shared point mutations were detected in all of the participants in our study. Of these,
genetic variations were located in introns (16,443), exons (4,008), non-coding RNAs (3,516),
promoters (3,467), intergenic regions (2,774), 3' UTR (1,741), 5' UTR (717), and splice
sites (79). Conclusion: This is the first description of the mutational landscape of early-
onset colorectal tumors among Puerto Rican Hispanics, a Hispanic subgroup with a high
burden of early-onset CRC. The majority of the mutations detected were not located in
exons, suggesting that variations in genomic regions that regulate gene expression may
contribute to early-onset carcinogenesis. Additional research is warranted to gain a more
comprehensive understanding of the biology of sporadic, early-onset CRC in order to directly
address this emerging public health problem and to subsequently shift current clinical
practices for young patients across the cancer continuum, from prevention strategies to
screening and/or treatment.
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THE ROLE OF RARE VARIANTS IN MUC4 IN GASTRIC CANCER
SUSCEPTIBILITY IN GASTRIC CANCER FAMILY
Yoon Jin Choi, Nayoung Kim, Cheol Min Shin, Dong Ho Lee

Purpose: Genome-wide association studies of gastric cancer (GC) cases have revealed com-
mon GC susceptibility loci with low effect size. We investigated rare variants with high
effect size via whole-exome sequencing of subjects with familial clustering of GC. Experimen-
tal Design: DNAs from the blood of 19 GC patients and 36 normal family members from
14 families with 2 or more GC patients were tested. Linkage analysis combined with
association tests was performed to detect rare variants predisposing to GC. Based on the
presence of germline variants, we conducted immunohistochemistry in both normal gastric
mucosa and tumor tissues to characterize the underlying carcinogenic mechanism. Results:
Four genes (MUC4, AHNAK2, FLG, ZNF254) were significantly associated with GC in the
discovery cohort of 10 families consisting of 11 GC patients and 22 normal subjects (LOD>2,
association P value=2.66×10-6). In a validation analysis, MUC4 remained significantly associ-
ated with GC in 4 families consisting of 8 GC patients and 14 normal subjects (LOD=2.98,
association P value=1.60×10-4). The LOD of MUC4 reached 4.62 (association P value=
4.00×10-6) for the combined cohort. Carrying any MUC4 variant was associated with an
increased risk of GC (odds ratio 58.08, 95% confidential interval 7.33 to 459.97). Immunohis-
tochemistry studies indicated that MUC4 was downregulated in the non-cancerous gastric
mucosa of subjects with MUC4 germline missense mutations, suggesting that loss of the
protective function of MUC4 predisposes an individual to GC. Conclusions: Rare variants
in MUC4 are novel GC susceptibility loci with the high effect size in Koreans possessing
familial clustering of GC.
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MORPHOLOGICAL AND MOLECULAR RISK MARKERS FOR COEXISTENT
ADENOCARCINOMA IN LOW-GRADE DYSPLASTIC AREAS OF HIGH-
GRADE COLORECTAL ADENOMAS
Andrew Emmanuel, Salvador Diaz-Cano, Shraddha Gulati, Margaret Burt, Savvas
Papagrigoriadis, Bu Hayee, Amyn Haji

Introduction Safe and effective endoscopic resection (ER) relies on the endoscopic diagnosis
of large lesions to predict the risk of invasive cancer. However, a detailed evaluation of
histopathological features and the molecular profile of the polypoid dysplastic mucosa to
predict coexistent invasive neoplasm is not available. Methods: Data from endoscopic resec-
tion of colorectal superficial neoplastic lesions performed at a UK tertiary referral center
(2011-2016) were analyzed. Lesions were assessed using magnification chromoendoscopy
and narrow band imaging. A subset of these lesions containing high-grade dysplasia, intramu-
cosal cancer or invasive cancer was identified and further subjected to a detailed histopatho-
logical analysis: endoscopic type, ulceration, distribution of high-grade dysplasia, dysplastic
nuclear grade, presence and distribution of necrosis, and distribution of tumor-infiltrating
lymphocytes (TIL). The two areas with the highest morphological grade were microdissected
from each lesion, using 5μm FFPE sections. DNA extraction and next-generation sequencing
using a human clinically relevant tumor panel (Qiagen, Hiden, Germany) of 24 genes were
performed for each of these areas separately. Genetic abnormalities for each locus were
categorized by genetic impact according to its severity (low/moderate/high/modifier) and
allele frequency. Results: ER was performed for 418 large (≥20mm) colorectal superficial
neoplastic lesions (mean size 55.2mm, range 20mm-160mm), 81% being laterally spreading
tumors (LST). The proportions harboring an area of invasive cancer bymorphological subtype
were as follows: LST non-granular 30.8%; LST granular mixed-nodular type 12.3%; LST
granular homogeneous type 0.9% and Is/Isp 11.4%. The histopathological genetic evaluation
was available in 70 cases; a coexistent adenocarcinoma significantly correlated with dysplastic
adenomatous mucosa featuring ulceration, mixed interface/interstitial TIL, multifocal high
nuclear grade, infiltrative edges, and multifocal intraluminal necrosis. Multifocal intraluminal
necrosis and high nuclear grade in the adjacent low-grade dysplastic mucosa were driven
by cooperative genetic abnormalities of high-impact (FLT4), moderate impact (KRAS/NRAS
for infiltrative edges, FLT4, TP53, ERBB2), and low impact (FGFR3, PDGFA). Conclusions
The dysplastic stage of high-grade adenomatous polyps is characterized by multiple coopera-
tive genetic mutations. A subset of these markers identify a risk of coexistent adenocarcinoma
with a close correlation between genetic markers of angiogenesis (FLT4), receptor activation
(RAS/ERBB2), genome maintenance (TP53) and stromal reaction (FGFR3, PDGFRA) with
morphological features defined by high nuclear grade, intraluminal necrosis, and inflamma-
tory stromal reaction.
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Morphological and molecular risk markers for coexistent adenocarcinoma in low-grade 
dysplastic areas of high-grade adenomatous polyps
Andrew Emmanuel, Salvador J Diaz-Cano, Shraddha Gulati, Margaret Burt, Savvas Papagrigoriadis, Bu Hayee, Amyn Haji
King’s College Hospital*, London, United Kingdom
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Safe and effective endoscopic resection
(ER) relies on the endoscopic diagnosis
of large lesions to predict the risk of
invasive cancer. However, a detailed
evaluation of histopathological features
and the molecular profile of the polypoid
dysplastic mucosa to predict coexistent
invasive neoplasm is not available.

Data from endoscopic resection of colorectal superficial
neoplastic lesions performed at a UK tertiary referral
center (2011-2016) were analyzed. A subset of these
lesions containing high-grade dysplasia (HGAP),
intramucosal or invasive cancer was identified and
subjected to a detailed analysis: endoscopic type,
ulceration, distribution of high-grade dysplasia, dysplastic
nuclear grade, presence and distribution of necrosis, and
distribution of tumor-infiltrating lymphocytes (TIL). The two
highest morphological grade were microdissected from
each lesion and used for DNA extraction and next-
generation sequencing using a 24-gene panel (Qiagen,
Hiden, Germany). Genetic abnormalities for each locus
were categorized by genetic impact according to its
severity (low/moderate/high/modifier) and allele
frequency.

* From the Departments of Histopathology, Gastroenterology, and Colorectal Surgery

CONCLUSIONS REFERENCES

Cooperative genetic mutations characterize low-grade areas of HGAP. A subset of markers 
identifies a risk of coexistent adenocarcinoma, closely correlating with angiogenesis (FLT4), 
receptor activation (RAS/ERBB2), genome maintenance (TP53), stromal reaction (FGFR3, 
PDGFRA), and morphology (nuclear grade, necrosis, and inflammation).
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ER was performed for 418 large (≥20mm) colorectal superficial neoplastic lesions (mean
size 55.2mm, range 20mm-160mm), 81% being laterally spreading tumors (LST). The
proportions harboring an area of invasive cancer by morphological subtype were as
follows: LST (non-granular 30.8%, granular mixed 12.3%, granular homogeneous 0.9%)
and Is/Isp 11.4%. There was no locoregional/distant recurrence in any patient deemed to
have undergone curative ER.
The histopathological genetic evaluation was available in 70 cases; a coexistent
adenocarcinoma significantly correlated with dysplastic adenomatous mucosa featuring
ulceration, mixed interface/interstitial TIL, multifocal high nuclear grade, infiltrative edges,
and multifocal intraluminal necrosis. Multifocal intraluminal necrosis and high nuclear
grade in the low-grade dysplastic mucosa were driven by cooperative genetic
abnormalities of high-impact (FLT4), moderate impact (KRAS/NRAS for infiltrative
edges, FLT4, TP53, ERBB2), and low impact (FGFR3, PDGFA).


