ARIC Manuscript Proposal #1934

PC Reviewed: 4/17/12 Status: A Priority: 2
SC Reviewed: Status: Priority:

1.a. Full Title: Genetic contributions to statin-related rhabdomyolysis
b. Abbreviated Title (Length 26 characters): Genetics of rhabdomyolysis

2. Writing Group:
Writing group members:

Psaty, Bruce U. of Washington
Heckbert, Susan, U of Washington
Rice, Ken, U of Washington
Floyd, James, U of Washington
Marciante, Kristin, U of Washington
Bis, Josh, U of Washington
Brody, Jen; U of Washington
Tracy, Russ, U of Vermont

Rotter, Jerome, Cedars Sina
Ballantyne, Christie BCM

Gibbs, Richard, BCM
Boerwinkle, Eric, U. of Texas
(and possibly others)

I, the first author, confirm that all the coauthors have given their approval for this
manuscript proposal. _BMP [please confirm with your initials electronically or in
writing]

First author: Bruce Psaty
Address: Cardiovascular Health Research Unit 1730 Minor
Ave, #1360
Seattle, WA 98101

Phone: 2060287-2777 Fax: 206-287-2662
E-mail: psaty@u.washington.edu

ARIC author to be contacted if there are questions about the manuscript and the first author
does not respond or cannot be located (this must be an ARIC investigator).

Name: Eric Boerwinkle

Address: 1200 Hermann Pressler, E447



Houston, TX 77030

Phone: 713-500-9816 Fax: 713-500-0900
E-mail: eric.boerwinkle@uth.tmc.edu

3. Timeline: Genotyping will be complete in April.
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4. Rationale:

Identifying, replicating, and understanding the mechanism of potential drug-gene
interactions is a formidable challenge in a translational-research effort to use genomics
to improve public health. To date, the study of severe adverse drug reactions (ADRS)
has yielded some of the most impressive and useful pharmacogenetic advances to date.
What used to be regarded as idiosyncratic unpredictable type B reactions--for instance,
abacavir and the hypersensitivity syndrome (1,2), flucloxacillin and drug-induced liver
injury (3,4), and statin-associated myopathy (5,6)--are now known to be associated with
specific genetic variants. While screening appears to be effective for some immune-
mediated ADRs (7), public health advances for statin-related rhabdomyolysis await
additional discovery.

Recent trials and meta-analyses support not only more aggressive statin therapy
in high risk individuals (8,9) but also the expansion of treatment to intermediate risk
persons (10). As a result, more US prescriptions are dispensed for lipid-lowering drugs
than for any other class of drug. In 2009, both simvastatin and atorvastatin were among
the top 5 products dispensed. The expanded use in intermediate-risk populations and
the increasing use of high doses for high-risk populations provides new opportunities for
both benefits and risks. The most serious ADR associated with statins is
rhabdomyolysis. The bimodal response to statins--a serious ADR in a small proportion
of users and none in the vast majority of users--suggests genetic factors as a potential
cause (11,12).

Indeed, an analysis of GWAS data in 185 cerivastatin users provides evidence of
additional undiscovered genetic loci that influence rhabdomyolysis risk (6). Even after
excluding SNPs with minor allele frequencies less than 2.5%, there was an excess of p-
values below 10, but no departure from a null p-value distribution for p-values above
1072, This excess of small p-values is consistent with the presence of undetected
variants at multiple loci, and the lack of departure from the null distribution at larger p-
values suggests that cryptic population structure is not the cause. There were 44 p-
values below 10, compared with an expected number of 30; this statistically significant
excess (p=0.012) suggests the presence of additional loci that affect rhabdomyolysis
risk.



While previous basic-science work has identified several pathways such as
protein prenylation and cystolic calcium release that are important in statin-induced
apoptosis, the number of such candidate genes is large but limited, on the order of 100
to 500. Exome sequencing is the most efficient method for screening a large number of
genes for uncommon disabling variants that are likely to contribute to the complex
genetics of this extreme adverse drug-reaction phenotype (13-15).

The purpose of the proposed project is to identify the genes and the uncommon
disabling variants that determine the risk of rhabdomyolysis. We hypothesize that statin-
induced rhabdomyolysis resembles a heterogeneous Mendelian disorder that may have
several forms caused by a drug-gene interaction involving many loci in multiple genes.
Examples of heterogeneous Mendelian disorders include Charcot-Marie-Tooth
neuropathy [39 loci in 31 genes (16)], dilated cardiomyopathy [rare variants in 30 genes
(17)], and long-QT syndrome [hundreds of variants in 12 genes, (18)]. Examples that
result from gene-environment interactions include phenylketonuria, which is caused by
dietary phenylalanine in susceptible patients [hundreds of variants in several genes
(19,20)], and malignant hyperthermia, which is caused by exposure to fluorinated-
inhalation anesthetics in susceptible patients [many rare variants in 6 loci (21,22)].
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5.  Main Hypothesis/Study Questions:

The primary aim of the proposed manuscript is to conduct a whole-exome-sequencing
case-control study of rhabdomyolysis to identify the specific mechanisms that underlie
this toxic drug-response phenotype.

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).

Cases: Cases (N=187) will come from a completed case-control study of cerivastatin
(Baycol).

Controls are CHS and ARIC study participants with exome sequencing completed. The
ideal control group would be limited to those who are also taking a statin, cerivastatin in
particular. Because rhabdomyolysis is so rare (about 5-10 per 100,000 person years),
the statistical power of our analyses remains strong despite lack of documentation about
the presence or absence of a history of rhabdomyolysis in controls, some of whom may
not have even used statins. (The rare variants that we are looking for are likely to occur
in only about 1 in 10,000 persons, so even if there are 1800 controls from CHS and
ARIC, few if any are likely to have the mutations that might be a cause of
rhabdomyolysis.)

Note: A companion manuscript proposal is being sent to the CHS publication committee.



e For association analyses with common variants, logistic regression will be used

7.a.
X

adjusting for sex, age, BMI and principal components to adjust for hidden
substructure.

e For association analyses with rare variants, the Madson-Browning burden test
will be used with the same covariates. The Madson-Browning burden test
combines rare variants across a gene, and is similar to a rank sum test.

e Exploratory analyses will be carried-out assuming that rhabdomyolysis is an
autosomal recessive disorder in a subset of the cases. Therefore, we will use
bioinformatics analyses to identify individuals with two loss of function variants in
the same gene. We will then use a permutation analysis to place a p-value on the
observed distribution of loss of function variants.
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