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Abstract

The importance of genetic ancestry characterization is increasing in genomic implementation
efforts, and clinical pharmacogenomic guidelines are being published that include population-
specific recommendations. Our aim was to test the ability of focused clinical pharmacogenomic
SNP panels to estimate individual genetic ancestry (IGA) and implement population-specific
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pharmacogenomic clinical decision support (CDS) tools. Principle components and STRUCTURE
were utilized to assess differences in genetic composition and estimate IGA among 1,572
individuals from 1000 Genomes, two independent cohorts of Caucasians and African Americans
(AAs), plus a real-world validation population of patients undergoing pharmacogenomic
genotyping. We found that clinical pharmacogenomic SNP panels accurately estimate IGA
compared to genome-wide genotyping and identify AAs with 270 African ancestry (sensitivity
>82%, specificity >80%, PPV >95%, NPV >47%). We also validated a new AA-specific warfarin
dosing algorithm for patients with 37/0% African ancestry and implemented it at our institution as
a novel CDS tool. Consideration of IGA to develop an institutional CDS tool was accomplished to
enable population-specific pharmacogenomic guidance at the point-of-care. These capabilities
were immediately applied for guidance of warfarin dosing in AAs versus Caucasians, but also
provide a real-world model that can be extended to other populations and drugs as actionable

genomic evidence accumulates.

INTRODUCTION

Pharmacogenomics (PGx) research has identified genetic variants influencing
interindividual variability in drug response. Consequently, drug dosing guidelines and
algorithms that incorporate PGx and clinical factors have been developed (https://
cpicpgx.org/guidelines/; www.warfarindosing.org). Additional online resources, such as The
Pharmacogenomics Knowledgebase (PharmGKB, www.pharmgkb.org) offer a repository of
key pharmacogenes (Very Important Pharmacogenes [VIPs]), their variants, and clinical

importance.

Allele frequencies of PGx variants differ considerably between populations!— with the
largest differences observed in African (AFR) ancestry populations.” Some key PGx variants
are only informative among specific populations®3. This presents a unique challenge for
genomic implementation efforts, as tested PGx alleles need to be relevant and
comprehensive for the populations being studied.? One pitfall of early randomized PGx
examination of warfarin— where the tested alleles were identified largely in Caucasian
populations—was that the utilized algorithms failed to predict outcomes in African
Americans (AAs) and even appeared to result in increased risk to AAs for dose-prediction!?
likely because the important variants for warfarin disposition in AAs were not included.®8
This resulted in guidance to consider population-specific drug dosing algorithms for
warfarin.!!

Self-reported race/ethnicity may not represent genetic ancestry well — particularly for
individuals of admixed descent, such as AAs.!%13 In AA-specific warfarin PGx discovery
work, the alleles uniquely important to response in AAs have been identified almost
exclusively in individuals with at least 70% African (AFR) ancestry.”-81%15 We recently
used this threshold to derive and validate a highly predictive AA-specific warfarin dosing
algorithm among AAs with 70% AFR ancestry.'® This means that an accurate
understanding of individual genetic ancestry (IGA) is important when applying PGx testing.
Some work has been performed in this regard. For example, the Affymetrix DMET™ Plus

array was recently shown to capture population substructure.!7-18
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At several institutions including ours, clinical PGx testing (including preemptive testing) is
now performed!9-22, Nevertheless, estimation of IGA using most available PGx testing
platforms to our knowledge has not occurred and there have been no published examples of
implemented point-of-care clinical decision support (CDS) tools wherein population-specific
PGx guidance is currently incorporated. In this study, we examined the utility of using
markers from a clinical PGx test panel currently in use at a tertiary academic medical center
(Preemptive PGx panel), and separately, using variants included within PharmGKB VIPs, to
estimate IGA. We utilized the findings to develop and implement population-specific
warfarin guidance within our PGx results delivery system for AA patients starting warfarin.
This work could serve as a model for future PGx population-based implementation efforts.

MATERIALS AND METHODS

1000 Genomes samples

We obtained genotype data from 1,572 individuals comprising 14 different populations
within the 1000 Genomes Project (Table 1). Samples pertaining to AFR, East Asian (EAS),
and European (EUR) ancestry comprised the reference cohort used to estimate ancestry
proportions. Two additional populations, Americans of African Ancestry in Southwest USA
(ASW) and Utah Residents (CEPH) with Northern and Western European Ancestry (CEU),
were used as a primary validation cohort. In order to examine the applicability of our
findings to other populations, we utilized the Puerto Ricans from Puerto Rico (PUR) and
African Caribbeans in Barbados (ACB). Genotypes were downloaded as variant call format
(.vcf) files for phase 3 whole-genome sequence data (release 20130502; extraction date
November 7, 2016).

Real-world patients

As a second, real-world validation cohort, we utilized patients (n=330) genotyped as part of
our institutional preemptive PGx program.22 Patients provided written informed consent and
protocols were reviewed and approved by the Institutional Review Board of The University
of Chicago. The clinical study from which this patient cohort was derived has been
previously described in detail.22

Preemptive PGx panel

Real-world patients were preemptively genotyped across a broad custom Preemptive PGx
panel comprised of variants selected for their PGx importance. Sequenom custom
MassARRAY's (Agena Bioscience, San Diego, CA) were used prior to May 5, 2015, and
OpenArrays from Life Technologies (ThermoFisher, Waltham, MA) thereafter. All patients
were also genotyped across a custom CYP2D6 panel including supplemental CYP2D6
Tagman copy number assessment. All genotyping was conducted in Clinical Laboratory
Improvement Amendments-certified and College of American Pathologists-accredited
laboratories. The Preemptive PGx panel polymorphisms that were present on the CYP2D6
array and in-common across the Sequenom and OpenArray platforms (n=302) were
analyzed in this study.
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Given that the University of Chicago Preemptive PGx panel SNPs were custom selected, we
also wanted to evaluate an independent list of PGx variants deemed to be of highest
importance by an external, expert definition. To accomplish this, we used the publicly-
available PharmGKB database (pharmgkb.org) and extracted all genetic variants identified
as comprising the VIP genes (download date February 27, 2017). Of the 64 VIP genes, 60
had variants annotated (n=212).

Quality Control and SNP Filtering—For all of the genotype datasets, we removed
indels and non-biallelic SNPs using VCFtools?3 (v. 0.1.11) or PLINK?* (v.1.90). SNPs were
excluded if non-autosomal, if the genotyping rate was <80% across the samples, or if they
failed Hardy-Weinberg equilibrium (HWE) at a significant threshold of p<0.0001. If
pairwise LD between two SNPs was 2 X).8, we excluded one of the SNPs to ensure
maximum independent informativeness. All quality control steps were conducted using
PLINK.2* In total, three distinct genotype datasets were generated to infer ancestry. After
quality control filtering, the genome-wide 1000 Genomes dataset consisted of 871,553
autosomal SNPs pruned for LD; the Preemptive PGx panel consisted of 243 SNPs after
excluding 5 non-autosomal SNPs, 14 SNPs that failed the genotyping rate, 5 SNPs that
failed HWE, 12 SNPs as a result of LD, and 21 SNPs that were not present in the 1000
Genomes dataset (Supplementary Table 1); and the final VIP panel consisted of 122 SNPs
after excluding 8 non-autosomal SNPs, 11 SNPs as a result of LD, and 71 SNPs not present
in the 1000 Genomes dataset (Supplementary Table 2). Forty-nine SNPs overlapped between
the Preemptive PGx and VIP panels. Samples with >5% missing alleles were removed from
the analysis (one real-world patient sample was removed).

Principle Component and STRUCTURE Analyses—We utilized Genome-wide
Complex Trait Analysis version 1.24.423 to calculate eigen values and eigen vectors for
principle component analysis (PCA) for each dataset. The Bayesian clustering algorithm
implemented in the publicly available software program STRUCTURE (version 2.3.4) was
used to estimate ancestry and individual admixture proportions.2® All STRUCTURE and
fastSTRUCTURE runs for ASW, CEU, PUR, and ACB were performed without any prior
population assignment and employed the admixture model. For STRUCTURE, the burn in
period and number of Markov Chain Monte Carlo repetitions were set to 20,000 and
100,000, respectively, and default parameters were used for fastSTRUCTURE. The number
of parental populations (K) was set to 3, purporting three main continental groups (AFR,
EAS, and EUR).

Warfarin dosing algorithm validation

Genotype-guided warfarin dosing algorithm validation was conducted among a previously
described independent cohort of AA warfarin patients (n=120).16 For these patients,
predicted warfarin doses were available which had been generated from the AA-specific
PGx algorithm!® and the IWPCZ7 PGx algorithm. The predicted dose of warfarin from each
algorithm was correlated with the observed dose by the Pearson correlation coefficient (r).
Paired sample t-test was used to compare predicted mean dose for each algorithm with the
observed dose. Accuracy of each algorithm was assessed using the mean absolute error
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(MAE), defined as the absolute value of the difference between the actual therapeutic
weekly maintenance dose and predicted weekly dose.

Statistical Analyses—Paired sample t-tests were used to compare mean ancestry
estimates. Sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) were calculated against ancestry estimates generated using the genome-wide
panel as the true reference. P-values <0.05 were considered statistically significant.
Statistical analyses were performed using IBM SPSS.v24.

Determination of Population Affiliation and Apportionment of Genetic Ancestry

First we determined if each PGx SNP panel (the Preemptive PGx panel and the VIP panel)
could differentiate and cluster world populations accurately compared to genome-wide data.
Using three global super-populations (AFR, EAS, and EUR ancestry) to serve as reference
populations as well as 61 separate ASW and 99 CEU as a validation cohort, pairwise
comparison of the first two principal components demonstrated a clear separation between
the super-populations as well as clear clustering of the ASW and CEU cohorts (Figure 1).
While the genome-wide panel achieved the best separation (Figure 1A), the PCA clusters
showed that the Preemptive PGx and VIP panels could also distinguish the ASW and CEU
populations (Figure 1B and 1C), suggesting that allelic frequencies of PGx variants differ
between populations and hence serve as ancestry informative markers (AIMs).

Evaluating Accuracy of Individual Genetic Ancestry Estimates

Next we interrogated the ability of each PGx SNP panel to estimate IGA in comparison to
genome-wide genotyping (Table 2). The mean AFR ancestry proportions for the 61 ASW
samples using the Preemptive PGx and VIP panels were not significantly different (0.78
+0.18 and 0.79 £0.19, respectively; p>0.3) from the estimate obtained using the genome-
wide panel (0.78 £0.16, Table 2). The average EUR ancestral proportions estimated using
the Preemptive PGx panel and VIP panel for ASW samples were slightly lower (0.17 £0.14
and 0.16 £0.18, respectively) compared to the genome-wide estimate (0.20 £0.11) but the
difference was only statistically significant between the VIP panel and the genome-wide
panel (p = 0.08 and p = 0.04, respectively [Table 2]) and likely reflects the smaller number
of SNPs in the VIP panel.

For CEU (n = 99), the mean EUR ancestral proportion estimated using the genome-wide
panel was 0.99 £0.00 and estimates obtained using the Preemptive PGx and VIP panels
(0.98 £0.03 and 0.97 +0.08, respectively [Table 2]) were not statistically different. The same
level of concordance was found for the mean AFR and EAS ancestral proportions from each
panel (Table 2). These analyses showed that the MAEs were very low for both the
Preemptive PGx and VIP panels across all comparisons, especially for estimating AFR and
EAS ancestry proportions (Table 2). Supplementary Figure 1 visually summarizes the
overlap of IGA estimates obtained by each panel for the AFR ancestry proportions for ASW
samples (Supplementary Figure 1A) and the EUR ancestry proportions for CEU samples
(Supplementary Figure 1B).

Pharmacogenomics J. Author manuscript; available in PMC 2020 April 27.



1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Hernandez et al.

Page 6

To demonstrate that PGx variants confer a unique predictive ability compared to other
genetic variation across the genome, we also generated an additional SNP panel consisting
of 243 random SNPs with minor allele frequencies matching those of the Preemptive PGx
panel among Europeans. When comparing AFR ancestry estimates for ASW samples
generated from the random panel to the genome-wide panel estimates, we found a
significant difference between the estimates (p = 0.03, data not shown). This highlights the
unique ability of the tested clinical PGx panels to correctly infer ancestral estimates for
select populations.

Application of Preemptive PGx and VIP Panels In Individual Ancestry Estimates

We wanted to determine the accuracy with which the Preemptive PGx and VIP panels could
specifically identify AA patients using the predefined cutoff of /0% AFR ancestry defined
in our prior work.!® Among 61 ASW samples, the genome-wide panel identified 51 samples
with /0% AFR ancestry and the remaining 10 samples as having <70% AFR ancestry. The
preemptive PGx panel identified 44 out of 51 ASW samples as having 37/0% AFR ancestry
and 9 out of 10 samples as having <70% AFR ancestry, resulting in a sensitivity of 86.3%
and specificity of 90% (Table 3). The PPV and NPV of the Preemptive PGx panel were
97.8% and 56.3%, respectively (Table 3). The results obtained using the VIP panel were
slightly lower but robust, with sensitivity and specificity of 82.4% and 80%, respectively,
corresponding to a PPV of 95.5% and NPV of 47.1% (Table 3). Of note, the PPV for
identifying CEU individuals with at least 90% EUR ancestry was >95% when using either
PGx panel (data not shown). We also found that both PGx panels can estimate AFR ancestry
in two additional populations, ACB (an African-descent population) and PUR. Among ACB,
the Preemptive and VIP PGx panels had >95% sensitivity and 100% specificity, PPVs of
100% for each panel, and a NPV of 60% and 42.9%, respectively to identify individuals
with /0% AFR ancestry. While none of the PUR individuals have ¥/0% AFR ancestry,
both PGx panels were able to determine this (data not shown). Overall, these results indicate
that clinical PGx panels can correctly assign individuals to population-specific categories
and estimate IGA with a high level of accuracy.

Real-World Patients Undergoing Clinical Pharmacogenomic Result Delivery

To further validate these findings, we interrogated the ability of the Preemptive PGx panel to
accurately estimate IGA within patients participating in our institutional preemptive PGx
implementation program. Demographic characteristics for these 330 University of Chicago
patients are provided in Table 4. This cohort included 115 self-reported AAs and 215 self-
reported Caucasians. PCA showed clustering of self-reported Caucasian patients almost
exactly with the EUR super-population, and similarly, clustering of self-reported AA
patients within close proximity to the AFR super-population (Figure 2). Among all self-
reported AAs, the mean AFR ancestry was 0.81, consistent with our previously identified
(and other prior published) estimates (Table 4).12.13 Nevertheless, we found a broad range of
AFR ancestry proportions (0.30 — 0.99) among our self-reported AA patients
(Supplementary Figure 2). In particular, a substantial number of self-identified AA
individuals fell significantly outside the 70% genetic cut-off threshold (21/115 individuals
[18.3%], represented by the black dots in Figure 2). This proportion of individuals closely
corroborates what we found in the above analysis of the 1000 Genomes ASW population,
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where 10/61 (16.4%) of ASW individuals had less than 70% AFR ancestry. From this
perspective, nearly 20% of patients who self-identify as AAs could be incorrectly dosed by

an AA-specific warfarin algorithm.

Warfarin Dose Prediction and Individual Genetic Ancestry

To address the question of PGx guidance in AA warfarin patients with <70% AFR ancestry,
we conducted an initial analysis among the available self-reported AA warfarin patients that
have <70% AFR ancestry (N=26) from our previous PGx warfarin dosing algorithm study!®
and compared the performance of our AA-specific warfarin dosing algorithm to the IWPC?27
(Caucasian) PGx warfarin dosing algorithm (Supplementary Table 3). We found the
predicted mean weekly warfarin dose using the AA algorithm (46.2 +10.8 mg) was much
closer to the actual therapeutic mean dose (48.4 £15.2 mg; Pearson’s correlation r=0.60).
Additionally, the AA-specific algorithm predicted the dose within 20% of the actual
therapeutic dose in a much higher percentage of patients (65.4%) compared to the IWPC
algorithm (43.4 £9.4 mg; r = 0.33; and 50%, respectively [Supplementary Table 3]).
Furthermore, the MAE between the observed and predicted warfarin dose decreased for the
AA-specific PGx warfarin dosing algorithm as AFR ancestry increased, but not for the
IWPC PGx algorithm (Supplementary Figure 3).

Considering the wide-spectrum of AFR ancestry in AAs, we also examined the entire AA
warfarin patient cohort (N=120)10 (those with <70% and those with 0% AFR ancestry)
and asked if increased AFR ancestry, and conversely lower EUR ancestry, influenced
individual PGx algorithm performance (Supplementary Figure 4). The AA-specific
algorithm performed superiorly across nearly the entire range of AFR ancestries. The AA-
specific algorithm perhaps underperformed once AFR ancestry fell to ~50% or below, but a
larger dataset will be needed to identify a specific ancestry ‘cutpoint’ (if one exists) for
triaging between use of the AA-specific versus the IWPC algorithm.

Development of an African American-specific warfarin dosing clinical decision-support
tool

The Genomic Prescribing System?® (GPS) is a PGx CDS tool developed at the University of
Chicago to deliver point-of-care, patient-specific PGx results and prescribing guidance.
Based on our current findings, and as part of translating this work, we have clinically
validated a new AA-specific warfarin dosing algorithm!® and have now implemented it into
our GPS, which is integrated within our institutional electronic record. This means that two
warfarin dosing calculators are available and in use as GPS CDSs, including the previously
developed dosing calculator for Caucasian patients (Figure 3A) and now the new dosing
calculator for AA patients (Figure 3B).10-22 Integration of IGA estimates from our
Preemptive PGx panel can permit assignment of the appropriate algorithm for each patient.

DISCUSSION

This study is the first to multiply validate the accuracy of two PGx clinical panels in
estimating IGA proportions, particularly against a genome-wide panel, and the first to
describe the implementation of a population-specific PGx CDS tool within the clinical
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workflow to guide population-specific warfarin dosing. This capability is immediately
relevant and applicable to the need for population-specific PGx guidance for warfarin dosing
in AA patients. We found that PGx variants contained within clinical PGx panels can
differentiate global populations and estimate IGA with a high degree of accuracy among
AAs and Caucasians when compared to genome-wide genotyping. We also demonstrated
that the ability of PGx variants to serve as AIMs exceeded that of similar numbers of SNPs
randomly selected across the genome. Ancestry identification via these focused PGx panels
was shown to be applicable to a real-world population of patients undergoing preemptive
clinical PGx genotyping, enabling the identification of patients for whom population-
specific PGx guidance could be delivered.

Our genetic ancestry characterization extended to other populations beyond AAs. Among
two Caribbean populations, ACB and PUR, the mean AFR ancestral proportion estimated
using the PGx panels were not statistically different from those estimated using the genome-
wide panel. In addition the PGx panels were able to identify ACB and PUR individuals with
370% AFR ancestry with >95% sensitivity and 100% specificity. However, due to the level
of indigenous ancestry that is found among Caribbean individuals and PUR Latinos, the
EUR and EAS ancestry estimates were significantly different from the genome-wide panel.

Pharmacogenes are well documented in databases such as PharmGKB and are the
foundation of PGx test panels, developed both in academia and as commercial offerings.
However, the allele frequencies of a number of these clinically important variants vary
between populations and some have been identified only in specific populations — an
important consideration when providing genotype-guided drug therapy for admixed
populations.?? PGx variants found on the DMET™ Plus array have been shown to
differentiate between continental populations, estimate IGA, and even to further cluster 11
EUR populations into two subgroups based on allele frequency.!”-!® Mizzi et al. further
demonstrated that the overall differences in the weekly warfarin dose predicted using the
IWPC algorithm compared to the EUR average dose was statistically significant for two out
of 11 EUR populations.'® Our work further expands upon these findings by using two
independent validation populations to demonstrate that clinical genotyping panels can
estimate IGA with a high level of accuracy and have the ability to serve as screening tests to
specifically genetically identify AAs.

The importance of genetic ancestry characterization is increasing for PGx implementation.3?

CPIC guidelines now include population-specific recommendations for at least one drug
(warfarin!!). The translational relevance of our work has been immediately realized at our
institution, as our findings allowed us to deploy AA-specific and Caucasian-specific PGx
CDS summaries in our electronic medical record utilizing the GPS. GPS was deployed
starting in 2012 for selected providers across the outpatient clinics at the University of
Chicago, is now available for use on the medical center’s hospital medicine inpatient wards.
Until this project, and since late 2013, patients self-reported as Caucasian had received PGx
warfarin dosing recommendations within GPS (using the IWPC-based algorithm) while AA
patients had not. This was because of the possibility that existing IWPC algorithms were
inappropriate (and potentially harmful) for use in AAs.810-31-35 We are now able to deliver
warfarin dosing recommendations within GPS to Caucasian and AA patients based on this
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work. This guidance highlights the importance of considering population-specific variants,
such as the C YP2C9*5, *6, *8, and *11 alleles in AAs, as well as rs12777823 which has
been shown to improve dose prediction.”-$:11:16:32 Although the VKORCI -1639G>A
variant is equally informative across populations, it has been shown that the variance in
warfarin dose explained by VKORC differed by race and it was largely due to differences
in frequency of the allele among populations.33 In addition, for SNPs identified through
genome-wide association studies in which the causal SNP may be in linkage disequilibrium
(LD), estimating IGA is particularly important because shared ancestry increases the
likelihood of variants to be shared between individuals in the same population, especially
among AAs where LD decreases more rapidly with physical distance.3® With advances in
sequencing technologies and reductions in cost, it is very likely that additional rare and
novel variants with population-specific clinical significance will be discovered.

Other drugs which are comparably more nascent from a PGx discovery standpoint may
follow the trajectory of warfarin as new population-specific variants are identified.3’
Importantly, this has already begun for some drugs with high PGx clinical actionability, for
example the fluoropyrimidines, for which population-specific restriction of key variants has
been known for a long time3®, and AA-specific variants have recently been identified.3?
Genetic diversity has also been shown to have implications for response of other PGx drugs.
For clopidogrel, Chinese individuals are more likely to carry two loss-of-function alleles
(specifically CYP2C19%2).40 Even newer population differences have been investigated for
AAs for anti-hypertensives.*! HLA which has significant ancestral divergence as a key locus
for PGx deserves studies like these in future cohorts. Research efforts with the goal of
discovering and translating population-specific PGx information in populations that have
been traditionally marginalized are now underway (see ACCOuNT project, https://
www.genome.gov/27568408/genomic-medicine-x-pharmacogenomics/).

A limitation of our study is that, although not substantially different in performance, the
Preemptive PGx panel performed slightly better than the VIP panel. This may be due to the
fact that the VIP panel had fewer SNPs. Nonetheless, both the Preemptive PGx and VIP
panels performed exceedingly well confirming the high ancestry-informativeness of PGx
variants to accurately estimate IGA among AA individuals. To answer the question of
whether overlapping SNPs drove ancestry divergence, we analyzed the 49 SNPs that
overlapped between the two focused PGx panels. Only six of these overlapping SNPs had an
Fst >0.10 between AFR and EUR, AFR and EAS, and EUR and EAS parental populations,
suggesting that IGA estimates are not being solely driven by the overlapping SNPs.
Although we showed that the AA-specific warfarin algorithm outperformed the IWPC
algorithm for AAs with <70% genetic AFR ancestry, derivation of a specific (lower bound)
ancestry percentage “cut-point” to advise use of an ancestry-specific algorithm would be
speculative given our available sample size. Self-reported race may be sufficient when the
percentage of genetic ancestry for a single ancestry population is high. We agree that
derivation of a specific cut-point is an important question that deserves further analysis in
future studies and in other ancestry-defined cohorts.

In conclusion, we demonstrated that clinical PGx panels can accurately estimate IGA when
compared to genome-wide genotyping, and we utilized this knowledge to develop and
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implement population-specific PGx CDS guidance in our clinical workflow. This ability
provides a real-world model for implementing other future population-specific PGx
guidance for other populations and other drugs as actionable PGx evidence accumulates.
Our work further demonstrates that the range of genetic ancestry captured under the term
‘African American’ is extremely diverse, and caution and thoughtfulness should be used*2
when assigning and determining racial categorization for patients both in clinical use, and in
future PGx clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Principle component analyses showing ancestry groups based on various genotyping
panels.

Each dot represents an individual. A). Genome-wide panel PCA plot based on 871,553SNPs.
Inability to visualize the CEU is a result of high clustering within individuals of European
ancestry. B). Preemptive PGx panel PCA plot based on 243 SNPs. C). VIP SNP panel PCA
plot based on 122 SNPs.
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Figure 2. Principle component analysis of University of Chicago patients.
The PCA plot is based on the 243 SNPs in the preemptive PGx panel. The clusters for

ancestral 1000 Genomes populations are shown for comparison (red=AFR; blue=EUR;
green=EAS). Each real-world patient is represented by one dot (yellow=self-reported as
“Caucasian/White”; purple=selfreported as “African American/Black” and found to have
370% AFR ancestry by STRUCTURE; black=self-reported as “African American/Black”
but found to have <70% AFR ancestry by STRUCTURE).
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Figure 3. Population-specific warfarin dosing algorithms implemented in the institutional
pharmacogenomic clinical decision-support system (Genomic Prescribing System).

A). Caucasian-specific warfarin algorithm (based on International Warfarin

Pharmacogenetics Consortium model). The CYP2C9 variants included in this algorithm are
*2 (rs1799853) and *3 (rs1057910). The VKORC variant is 1s9923231. B). New African
American-specific warfarin algorithm. The CYP2C9 variants tested are *2, *3, *5, *8 and
*11 (rs1799853, rs1057910, rs28371686, rs7900194, rs28371685, respectively) and were
combined into a composite CYP2C9 star genotype call.
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Reference Populations and Replication Cohorts Obtained from the 1000 Genomes Project.

Table 1.

Page 16

Super Population

Sub-population

Sample size (n)

Gambian in Western Division, Mandinka (GWD) 113
Esan in Nigeria (ESN) 99
African ancestry (AFR) Mende in Sierra Leone (MSL) 85
Yoruba in Ibadan, Nigeria (YRI) 108
Luhya in Webuye, Kenya (LWK) 99
Subtotal AFR 504
Southern Han Chinese (CHS) 105
Chinese Dai in Xishuangbanna, China (CDX) 93
Reference Population | East Asian ancestry (EAS) Kinh in Ho Chi Minh City, Vietnam (KHV) 99
Han Chinese in Beijing, China (CHB) 103
Japanese in Tokyo, Japan (JPT) 104
Subtotal EAS 504
British in England and Scotland (GBR) 91
Finnish in Finland (FIN) 99
European ancestry (EUR)
Iberian Populations in Spain (IBS) 107
Toscani in Italia (TSI) 107
Subtotal EUR 404
African Americans People with African Ancestry in Southwest USA (ASW) 61
Replication Cohort B . Utah residents (CEPH) with Northern and Western European
uropean Americans ancestry (CEU) 99
Total 1572
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Table 3.

Predictive Power of Pharmacogenomic Panels to Identify Patients with *70% African Ancestry Compared to
the Genome-wide Panel.

Panel  Sensitivity Specificity PPV NPV

0 0
PE PGx 86.3% 90.0% f97.8% f56.3%

VIP 82.4% 80.0%  fos s 4700

PE, preemptive; PGx, pharmacogenomic; VIP, Very Important Pharmacogenes; PPV, positive predictive value; NPV, negative predictive value.
7LComparison between genome-wide and PE PGx SNP panels.

7ZLC()mparison between genome-wide and VIP SNP panels.
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Demographic Characteristics and Estimated Genetic Ancestry of University of Chicago Patients.

Table 4.

Variable Frequency n (%) Ancestry EstimateT
Self-reported race/ethnicity AFR EUR EAS
African American/Black 115 (34.8) 0.81 £0.14  0.17 £0.15  0.02 +0.04
Caucasian/White 215 (65.2) 0.01 £0.02 0.98 £0.03  0.01 +0.01
Sex
Females 174 (52.7)
Males 156 (47.3)
Mean age, years 58.515.2
Mean weight, kg 86.7 £22.5
Mean height, cm 170.8 +10.8

Values for continuous variables are given in mean +standard deviation

AFR, African; EUR, European; EAS, East Asian

"Estimated using the Preemptive PGx panel
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