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Recently, my colleagues and | examined associations of inflammatory markers with
colorectal cancer (proposal #1429) and found associations between C-reactive protein
(CRP), fibrinogen and a combined inflammatory score with colorectal cancer incidence
in the ARIC study (1). Several other, but not all, studies also reported positive relations
between circulating CRP and all-site, breast, lung, prostate, and some other cancers (2-5).

In proposal #1429, we said that we also planned to examine associations of the
inflammatory markers with the risk of three most common cancers (breast, lung, and
prostate) and total cancer in ARIC. We briefly examined the associations of CRP with the
risk of those cancers and observed statistically significant positive associations of CRP
with breast and lung cancer risks.

The data on the associations of CRP genotypes and cancer risk are scarce and
inconsistent (5, 6-8). A prospective study from Denmark found that genetic variants in
the CRP gene were associated with increased plasma CRP but not with colorectal cancer
risk (6). In contrast, the prospective CLUE Il cohort study detected a statistically
significant positive association of two CRP haplotypes and two individual SNPs with
colorectal cancer risk (8).

We are suggesting a different approach to studying associations between CRP
polymorphisms and cancers. Five GWAS studies have been published that altogether
reported more than 30 SNPs associated with CRP levels (9-13). They included SNPs
located in the CRP gene, as well as SNPs in approximately 20 other genes — IL6R, LEPR,
APOE and etc. The most recent among these GWAS studies, by Delhgan et al [2011]
(9), also reported on a replication study; 18 SNPs were replicated and a weighted genetic
CRP risk score was developed, which was strongly associated with CRP levels and
explained ~5% of the trait variance.

Almost all of those SNPs have been genotyped in ARIC — either on Affymetrix (imputed
SNPs) or on IBS. Also, all 18 replicated SNPs have been genotyped in ARIC. For Whites
in ARIC, we are planning to create a weighted CRP genetic score as a sum of risk alleles
for each person using parameter estimates from the above-mentioned replication study
and examine associations of this genetic score with total, breast, lung, colorectal, and
prostate cancers. Using the CRP genetic score, we will have increased power and avoid
multiple comparisons.

Assuming incidence rate of 0.002 for CRC and 0.01 for total cancer and annual loss to
follow-up of 0.5% among 8700 Caucasians in ARIC, we will have 80% power to detect
RR=1.32 for CRC and RR=1.12 for total cancer (two-sided o=0.05) for CRP genotypic
score, dichotomized at median [Power program, Kaiser Permanente].

Recently, a study has been published that examined associations of each CRP variants
reported in the two earliest GWAS studies (12,13) with total cancer and four common
cancers in three Finnish cohorts (total number of cancers is N=1559: N=153 for CRC,
N=122 for lung, and N=328 for breast, and N=263 for prostate cancer) (14). That study
reported associations of several individual SNPs with total and lung cancer. The



advantages of our study are 1) more CRP SNPs have been established and replicated for
plasma CRP at this time and 2) the ARIC study has larger numbers of cancers: among
Whites, there are 1928 cases of total cancers, 205 CRCs, 274 lung, 371 breast, and 394
prostate cancers.

Our proposed goals for the analysis of CRP variants and cancer are:

1)

2)

to examine associations of total and each of the cancers with the CRP genetic
score. Our preliminary data shows an increased risk of CRC with an increasing
CRP genetic score.

to reproduce the Finnish analysis in the ARIC cohort.
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5.  Main Hypothesis/Study Questions:

e Examine associations of plasma CRP with the risk of total cancer as well as of
specific cancers: breast, prostate, lung cancers.

e Examine associations of genetic score based on CRP variants with plasma
CRP level and with the risk of total, colorectal, breast, prostate, and lung
cancers among white participants;

e Assess reproducibility of associations of CRP polymorphisms reported in
Heikkila et al (14) with the risk of total, colorectal, breast, prostate, and lung
cancers among white participants.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study design: Prospective cohort study

Dependent variables: Incident colorectal (N=205), breast (N=371), prostate (N=394),
and lung cancers lung (N=274), and total cancer (N=1928) are available through 2006 for
White participants. Plasma CRP levels were measured for all participants at Visit 4
(1996-98).

Independent variables: plasma CRP level, CRP variants established in GWAS studies
and genetic score based on CRP polymorphisms.

Covariates:

For genetic analysis, confounding is not expected, but we will consider confounding by
major risk factors such as age, sex, center, smoking, BMI, pack-years, education, alcohol,
aspirin use, hormone therapy use, and diabetes, measured at visit 1.

For the analysis of CRP levels and cancers, covariates measured at visit 4 will be used.

Analysis plan: All analyses examining genotypes will be conducted for Whites only
because of the potential population stratification and low power for Blacks. For each
directly genotyped SNP, Hardy Weinberg equilibrium (HWE) will be calculated and
genotypes not in HWE will be excluded. For genetic score, only SNPs not in linkage
disequilibrium will be included.

We will use Cox proportional hazards regression to examine associations of CRP
polymorphisms, as well the associations of plasma CRP levels with the risk of cancer.
We will utilize linear regression to explore the association of CRP polymorphisms with
its plasma level.

An additive genetic model will be used with SNPs coded as 0, 1, or 2, where 2 will
designate a risk allele. Genetic score will be derived as a sum of risk allele for each
person. The score will be weighted (using estimates from GWAS studies) and rescaled.
For the analysis of SNPs and plasma CRP levels, log transformation of CRP will be used
because of skewness of CRP distribution. For the analysis of plasma CRP with cancers,
CRP will be presented as continuous variables and as quartiles.



Inclusion/Exclusion: inclusion: all ARIC visit 1 participants free of cancer; exclusion:
participants with missing genotype information, and those who did not give consent to
participate in cancer studies.

For the analysis of plasma CRP and cancer, participants, who had prevalent cancer at
visit 4 or did not give consent to participate in cancer studies, or had missing information
about CRP, will be excluded from the analyses.
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