#381 Improvement of a clinical colorectal cancer risk prediction model integrating

polygenic risk
Erika Spaeth’!, Aviv Gafni?, Richard Allman?, Gillian Dite?

Background

Improving colorectal cancer risk prediction and stratification is
pivotal for implementing better screening and prevention
programs in public health and for enabling a personalized
approach to assessing patients’ colorectal cancer risk.

Current US colorectal cancer screening recommendations have
been changed to a start age of 45 in an attempt to address
iIncreasing incidence of the disease in young adults. Despite the
effectiveness of screening, compliance remains a challenge.
Currently, when clinicians engage in joint-decision-making-
discussions with their patients about screening options, they
risk-assess their patients’ risk by looking at family history, age,
sex and ethnicity—most often as stand-alone risk factors.

We and others have show the value of combining
epidemiological risk factors into a single model for improved risk
assessment. Herein we show further improvement on a
previous iteration of risk assessment that incorporates age, sex,
ethnicity, first-degree family history, and polygenic risk with the
replacement of a 45-SNP PRS with a 140-SNP PRS.

Methods

We used the UK Biobank to compare the performance of a risk
prediction model incorporating two different polygenic risk scores —
one comprising 45 SNPs' and the other comprising 140 SNPs.2?
The clinical component of the risk prediction model included a
simple measure of first-degree family history. We used age- and

sex-specific population incidence rates to calculate 10-year and full-

lifetime risks as previously described.*

The UK Biobank comprises 500,000 volunteers aged 40—69 years,
who were recruited between 2006-2010 from England, Scotland
and Wales. The UK Biobank has Research Tissue Bank approval
(REC #16/NW/0274) that covers analysis of data by approved
researchers. All participants provided written informed consent to
the UK Biobank before data collection began. This research has
been conducted using the UK Biobank resource under Application
Number 47401. The eligibility criteria for this study was as
previously described,* but in this study we included non-White
British participants with ancestry defined using the UK Biobank’s
principal component scores analysis. PRS were centered by PCA-
derived ancestry.®
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Figure 1. Standard incidence ratio (SIR)
comparison between models based on
10-year risk scores. (A) The 140-SNP
% based model improved 10-year risk
scores for adults compared to the 45-
SNP model in the highest quintile and
the lowest two quintiles. These
participants were identified as UK

? genetic ancestry by PCA (n=440,518).
(B) The second SIR shows all
participants in the UKB (n=470,368),
across all genetic ancestries.
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Figure 2. Distribution of PRS by
UKB-PCA categories before and
after centering. (A)45 SNP PRS
before and (B) after PCA-based
centering compared to the (C)
140 SNP PRS before and (D)
after PCA-based centering.
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Table 1. Participant sample size
by PCA.

Updated risk prediction score with a 140—-SNP PRS and a simple measure of first-
degree family history, age, sex and ethnicity, improves risk prediction and risk
stratification in the general population compared with a similar model with a 45-
SNP PRS.

Improved stratification observed over 10 years compared to previous model:
Across major ethnicities and

At the top classification of risk, where higher incidence cases observed
At the bottom classification of risk, where lower number of incident cases

observed

Risk stratification in healthy, asymptomatic adults will ultimately assist in colorectal
cancer screening and risk-reduction efforts by aiding in compliance, risk-based-
follow-up/prioritization and increasing patient self-awareness.
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Results

The model using the 140-SNP PRS showed an improvement in
discrimination, calibration and risk stratification over the model using
the 45-SNP PRS for full-lifetime risk: discrimination was 0.706 (95%
Cl 0.697-0.715) and 0.674 (95% CI 0.664—-0.683), respectively, and
the P for difference was < 0.001. The 140-SNP model was well
calibrated and showed a small overestimation of risk 0.951 (95% CI
0.918-0.986). Standardized incidence ratios (SIR) compared to
population incidence rates showed that, for the 140-SNP model, the
top quintile of risk shows a 27% improvement compared to the 45-
SNP model. Importantly, we were able to show the improved
performance of the 140-SNP PRS across multiple genetic ancestries.
Using the UK Biobank, we were able to adjust the PRS to each of the
PCA-defined genetic ancestry groups available to us in the UK
Biobank. Finally, using 10-year risk thresholds of <1%, 1-4% and 24%
to represent adults at average, moderate and increased risk of
developing colorectal cancer (based on <1x, 1-3x and =3x relative
risk, respectively), we showed the SIR based on the models ability to
categorize participants into the appropriate risk levels. The 140-SNP
model showed much higher SIR compared to the 45-SNP model for
participants with 10-year risk scores 24%.

Figure 3. Standard incidence ratios
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