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Background

« Colorectal cancer (CRC) is the third most
common cancer diagnosed in both men and
women in the US".

« Several genes are known to affect CRC risk,
but they only explain a small proportion of the
disease heritability?.

Hypothesis

The missing heritability of CRC is explained
in part by undiscovered rare, intermediate-
risk genetic variants.

Objectives

« Identify novel CRC susceptibility genes

 Produce risk estimates for variants in

established CRC genes and novel candidate
genes
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Results

Gene
MSHG6
MSH?2
MLH1
APC
BRCA1
CHEK2
BRCAZ2
ATM
PMS2
SDHA
CDKNZ2A
RAD51C

Table 1. Results of gene-based association analyses: VAAST and CMC p values from MDA, UKB, and AOS. Based on the meta-analysis results,
the most significant established CRC genes and nominally significant a priori candidates with previous germline evidence for CRC were included

MDA
VAAST pval CMC pval
0.13 0.012
3.5x10° 1.0 x 10°
7.4 x 104 1.8 x 104
3.7x103 3.9x103
0.83 0.72
0.053 0.34
0.85 0.74
0.025 0.066
0.18 0.11
8.7 x 103 0.40
0.99 0.99
0.59 0.99

UKB AOS
VAAST pval CMC pval VAAST pval
<5.0 x 107 <5.0 x 107 <5.0 x 10~
2.0 x 104 <5.0 x 107 0.023
5.5x10° <5.0 x 107 5.9 x 1073
0.024 5.6 x 103 <5.0 x 10~
2.5x10° <5.0 x 107 0.034
5.2x 10~ 6.5 x 10 0.54
<5.0 x 107 <5.0 x 107 0.38
0.087 0.024 0.030
0.013 0.019 0.22
0.82 0.60 0.037
5.6 x 103 0.023 0.43
6.3 x 104 5.4 x 1073 0.17

CMC pval
2.3x103
6.4 x 103
0.69
8.1 x 103
0.13
0.39
0.14
0.21
0.31
0.24
0.058
0.86

in the table. Significant p values are bolded (genome-wide or nominal). P values with a < sign are the smallest obtainable values given the
number of permutations used in their respective analyses.
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MDA ACAT
pval

0.021

Percent log
FRR' explained
(%)

Control Carrier

Gene Frequency (%)

OR (95% Cl)

ATM

Truncating and
pathogenic
missense

PMS2

Truncating and
pathogenic
missense

SDHA

Truncating and
pathogenic
missense

CDKN2A

Truncating and
pathogenic
missense

0.417 1.65 (1.19, 2.28) 0.0638

0.248 1.74 (1.26, 2.40) 0.0492

0.131 1.65 (1.07, 2.55) 0.0203

0.0521 2.91 (1.13, 7.50) 0.0622

RADS51C

Truncating 0.107 1.47 (0.587, 3.68) 0.00886

Table 3 Continued

Discussion

* No novel genes reached genome-wide significance (2.5 x 10°

)

1.6 x 107

2.9 x 10

3.8 x103
0.79
0.095

« Of the a priori candidate genes with previous germline
evidence for CRC, BRCA1/27, ATM?, SDHAS, CDKN2A’, and
RAD51C?8 were nominally significant in the gene-based
meta-analysis, supporting their potential association with

CRC.

Stouffer’s Gene
Genome-
Wide
Rank
1 MSH6 *
2 MSH?2 *
3 MLH1 *
4 APC *
6 BRCA1
11 CHEK?2
12 BRCA2
38 ATM
202 PMS2
1230 SDHA
1642 CDKNZ2A
2492 RAD51C

0.81
0.036
0.14
0.017
0.99
0.99

UKB ACAT AOS ACAT Fisher’s Stouffer’s
pval pval Meta- Meta-
Analysis Analysis
pval pval
<5.0 x 107 9.8 x 10-5 4.3 x 1010 7.5 x 101
1.0 x 10-6 0.010 7.5 x 10-11 1.0 x 1010
9.2 x 107 0.012 1.2 x 10 8.4 x 10-10
9.1 x 10-3 9.9 x 105 7.2x107 3.1x107
8.3 x107 0.054 5.9 x 10 6.1 x 10°
1.2 x 10-5 0.46 6.1 x10° 2.9 x 104
<5.0 x 107 0.22 1.3 x 10 3.7x104
0.037 0.052 4.0 x 1073 1.6 x 10-3
0.015 0.26 0.020 0.011
0.74 0.065 0.028 0.082
9.0 x 103 0.11 0.031 0.11
1.1 x10-3 0.55 0.022 0.17

Table 2. ACAT-combined p values from MDA, UKB, and AOS and meta-analysis p values. Based on the
meta-analysis results, the most significant established CRC genes and nominally significant a priori
candidates with previous germline evidence for CRC were included in the table. Significant p values are
bolded (genome-wide or nominal). Genes with an asterisk reached genome-wide significance. P values
with a < sign are the smallest obtainable values given the number of permutations used in the VAAST and

CMC analyses.

Gene

MSH6
Truncating
Pathogenic missense
MSH2

Truncating

Pathogenic missense

MLH1
Truncating
Pathogenic missense

APC

Truncating

Pathogenic missense

BRCA1

Truncating and
pathogenic missense

CHEK2

Truncating and
pathogenic missense

BRCA2

Truncating and
pathogenic missense

Control Carrier

0
Frequency (%) el (el
0.0820 6.28 (4.23, 9.34)
0.0244 4.01 (1.37, 11.7)
0.0233 16.4 (8.08, 33.4)
0.0199 2.90 (0.879, 9.59)
0.0299 9.51 (5.13, 17.6)
0.0543 4.75 (2.54, 8.91)
0.0310 15.0 (8.44, 26.5)
0.240 1.12 (0.683, 1.84)
0.297 1.38 (0.893, 2.14)
0.810 1.23 (0.951, 1.58)
0.437 1.45 (1.06, 1.99)

Percent log FRR'
explained (%)

0.558
0.0652

0.688
0.0236

0.417
0.212

0.817
0.00138

0.0163

0.0157

0.0333

Table 3. Meta-analyzed variant-based odds ratios and percent of log familial relative risk explained.
Based on the meta-analysis results, the most significant established CRC genes and nominally significant
a priori candidates with previous germline evidence were included in the table. Significant ORs are

bolded.

'FRR= Familial Relative Risk

 Few a priori candidates replicated in the gene-based
analyses. If these are susceptibility genes, they may explain a
modest proportion of FRR and likely require larger sample
sizes for detection.

« Of the known CRC genes:

« For MSH2, the effect size of pathogenic missense
variants was attenuated relative to truncating variants,
though the CIs’ overlapped

 APC pathogenic missense variants conferred non-
significant risk, indicating potential false-positive
classifications in ClinVar

PMSZ2 truncating and pathogenic missense variants
conferred only moderate risk despite it being a Lynch
Syndrome gene® (OR= 1.74, 95% Cl= 1.26, 2.40).

* While gene-based association results support CHEKZ2 and
candidates BRCA1/2, ATM, SDHA, and RAD51C as CRC
susceptibility genes, their effect size estimates indicate that
truncating and pathogenic missense variants confer at most a
modest increase in risk (ORs ranging from 1.23-1.65)

« Overall, the rare coding variants from the genes
highlighted in this study explain approximately 3.1% of
the log familial relative risk of colorectal cancer.

» These findings will lead to more accurate CRC risk prediction
models with clinical utility to aid early detection.

Responsible Conduct of Research

» Limited representation of diverse groups in MDA and UKB
may exacerbate disparities in understanding genetic basis of
CRC.

* These disparities will be explored through African, Asian, and
Hispanic representation in AOS.
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