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This review assessed evidence of disparities in benefits of pharmacogenomics related to ‘model perfor-
mance’ in subgroups of patients and studies which reported impact on health inequalities. ‘"Model per-
formance’ refers to the ability of algorithms including clinical, environmental and genetic information
to guide treatment. A total of 4978 abstracts were screened by one reviewer and 30% (1494) were dou-
ble screened by a second independent reviewer, after which data extraction was performed. Additional
forward and backward citation searching of reference lists was conducted. Investigators independently
double rated study quality and applicability of included studies. Only five individual studies were identi-
fied which met our inclusion criteria, but were contradictory in their conclusions. While three studies of
genotype-guided dosing of warfarin reported that ethnic disparities in healthcare may widen, two other
studies (one reporting on warfarin and reporting on clopidogrel) suggested that disparities in healthcare
may reduce. There is a paucity of studies which evaluates the impact of pharmacogenomics on health
disparities. Further work is required not only to evaluate health disparities between ethnic groups and
countries but also within ethnic groups in the same country and solutions need to be identified to over-
come these disparities.
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Minimizing modifiable health disparities is deemed fundamental for equitable and progressive achievement of
universal health coverage [1]. Equity refers to social justice or fairness; it is an ethical concept which is based on the
principles of distributive justice [2]. Equity in health can largely be defined as the absence of systematic disparities
in health between social groups who have different levels of underlying social advantage, or different positions
in social hierarchy [21. Equity in healthcare relates service provision to need and therefore equity which focuses
resources on those in greatest need is inherently just. Inequities in health systematically put people who may already
be socially disadvantaged at further disadvantage in terms of health and thus the term ‘inequity’ has a moral and
ethical dimension [2]. Inequity refers to differences which are unnecessary and avoidable but, in addition these
differences may also be considered unfair and unjust [1,2].

Precision medicine (PM) has the potential to revolutionize the health sector through improving the effectiveness
of treatments while simultaneously reducing adverse effects and avoiding inappropriate treatment [3]. PM tailors care
for each individual patient based on clinical, environmental and genetic information (31. In PM, the use of biomarkers
(which to date have been mainly molecular) can be used for the purpose of risk assessment, diagnosis, prognosis,
monitoring and guiding therapeutic decisions [3]. Perhaps the most advanced area of PM is pharmacogenomics,
which aims to relate genetic differences in the way drugs are handled (pharmacokinetic determinants) and how
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they act (pharmacodynamics determinants) to the differences in drug efficacy and safety observed between different
individuals (4].

Concerns have been raised by the European Personalized Medicine Association (EPEMED) and National
Institute on Minority Health and Disparities (NIMHD) among others that the rate at which PM is implemented
may vary. In particular new therapies or tests may be taken up less quickly and in lower numbers in more deprived
populations due to challenges in access, availability and ability to pay privately and understanding of healthcare
information compared with more educated and wealthier populations (3,5]. In order to address this, as part of the
US Precision Medicine Initiative, the ‘All of Us’ research program aims to reflect the diversity of the US population
from varied social, racial/ethnic and ancestral populations living in a variety of geographies, social environments,
economic circumstances, age groups and health statuses [5].

Barriers to seeing a provider may occur due to differential awareness of personal risk, inability to attend
appointments due to time constraints, sociodemographic factors and psychosocial factors [6]. Sociodemographic
factors include education level, socioeconomic status, marital status, age, sex, ethnicity and parenthood. Psychosocial
factors include interest in PM, disease-specific stress, perceived risk, knowledge, perceived benefits, perceived
limitations, anxiety, depression and general distress. Additional barriers include accessibility to providers with
appropriate expertise and available resources [6].

The remit of this review was to systematically review published evidence which considers whether PM inter-
ventions either widen or reduce health disparities [7]. The review followed PRISMA-E guidelines and the format
of the review is described in Figure 1. Given that PM as an overall area is relatively broad, we have focused the
scope of the review on pharmacogenomics. Specifically, our research question examines barriers in effectiveness
of pharmacogenomics related to ‘model performance’ in subgroups of patients. ‘Model performance’ refers to the
ability of algorithms including clinical, environmental and genetic information to guide treatment. Our review
also aims to identify studies which assessed the ‘effectiveness of pharmacogenomic interventions’ in subgroups of
patients and reported impact on disparities in healthcare. These two factors are highlighted (circled) in Figure 2.

Methods

The systematic review protocol was registered with PROSPERO, the international database of prospectively
registered systematic reviews (identification number CRD42016032517), conducted according to the Centre
for Reviews and Dissemination’s guidance for undertaking reviews in healthcare and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis with a focus on health equity (PRISMA-E)
guidelines (8,9].

The scope of the research question was informed by the Campbell and Cochrane Equity Methods Group and the
Cochrane Public Health Group who recommend the PROGRESS-Plus approach to analyses of health inequality
information. PROGRESS-Plus is an acronym for place of residence, race/ethnicity, culture/language, occupation,
gender/sex, religion, socioeconomic status and social capital and ‘Plus’ captures other characteristics which may
indicate a disadvantage, such as age and disability (7). This approach summarizes a number of social stratification
factors understood to influence health opportunities, including the chance to participate and benefit from PM (see
Supplementary Table 1 for definition of PROGRESS-Plus factors).

Data sources & searches

The website of PharmGKB was searched to identify a total of 201 drugs that had labels containing pharmacogenetic
information with differing approvals between European Medicines Agency (EMA); US FDA; Pharmaceuticals and
Medical Device Agency, Japan (PMDA); and Health Canada, Santé Canada (HCSC). The types of regulatory
recommendations provided were split into informative pharmacogenetic test, actionable pharmacogenetic test,
genetic testing recommended and genetic testing required.

We searched the following databases (via Ovid) between January 2006 and January 2016: Embase, MEDLINE,
PubMed, The Cochrane Library and Cochrane Central Register of Controlled Trials (CENTRAL) and Web of
Science. The search terms consisted of two clauses combined with the Boolean AND’ operator. These pertained
to a list of drugs identified from the PharmGKB website and health disparity terms. The search was restricted to
studies of human subjects and written in the English language. Further articles were identified from searching the
grey literature and backward citation searching of the reference lists of included studies and from forward citation
searching using google scholar. The full search strategy is detailed in Supplementary Table 2.
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Figure 1. PRISMA flow diagram displaying articles included and excluded in this review.

Study selection

Studies published over the past 10 years were reviewed to assess the most relevant evidence. Randomized controlled
trials (RCTs), prospective and retrospective cohort studies, case—control studies and cross-sectional studies were
included if they considered the impact of pharmacogenomic interventions on health disparities. It is reccommended
that a wider array of evidence is included (such as non-randomized studies) in systematic reviews which have a focus
on health equity compared with other types of systematic reviews due to varied reporting of equity evidence (7).
However, we excluded editorials, letters, historical articles, reviews and abstracts.

We included English language studies only because no evidence of a systematic bias exists from the use of English
language restrictions in systematic review-based meta-analyses in conventional medicine [11]. We included studies
on persons aged 16 years and above that measured outcomes directly and indirectly (e.g., self-reported). Studies that
focused on genotyping to guide efficacy and discussed health equity issues were included. Studies were included if
terms relating to impact on health disparities were stated in the title, abstract or keywords of the publication. Studies
which discussed equity issues related to uptake rates associated with sociodemographic and psychosocial factors
were outside the scope of this review (further information about our inclusion criteria is provided in Supplementary

Table 3).
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Figure 2. Barriers to the delivery of pharmacogenomic interventions.

Screening, data extraction & quality assessment

Titles and abstracts were screened by one reviewer (AM) and 30% were double screened by a second independent
reviewer (JD). Full texts were retrieved where reviewers were in agreement that the article met the inclusion criteria
(99.4% agreement between reviewers of the 30% studies double screened) and consensus was reached by discussion
between the two reviewers. After determining article inclusion, one reviewer entered study data into evidence tables
(AM); a second senior reviewer checked the information for accuracy and completeness (JD).

Data were extracted on the following study characteristics: year of publication, setting, study type, sample
population, genetic test and health equity comment. We classified the included studies based on PROGRESS-Plus
items (see Supplementary Table 2 online for PROGRESS-Plus definitions of measures) [21].

AM graded the strength of the evidence using the Grading of Recommendations, Assessment, Development
and Evaluations (GRADE), quality assessment method (see Supplementary Table 4). There were four categories of
quality ratings in GRADE — ‘higly’, ‘moderate’, ‘low’ and ‘very low’. Briefly, the default quality rating was ‘high’ for
evidence from randomized controlled (including cluster) trials and ‘low’ for evidence from observational studies.
Evidence for each study was examined for risks of bias, inconsistency, indirectness, imprecision and publication
bias. Quality may be rated down if there is evidence of any of these five factors; for example, an observational study
where risk of bias is judged to be serious would be rated down by one point from ‘low’ to ‘very low’. Alternatively,
quality may be modified upward if there is a large magnitude of effect or if any plausible confounders were likely to
minimize the observed effect. The quality of reporting of individual studies was expanded further in the narrative
and additional information on how ratings were determined for each study was provided [12].

Data synthesis & analysis

Results are presented as summaries of individual studies and reported in the context of the impact of pharmacoge-
nomics on health disparities. An overview of study quality using the GRADE method and equity considerations is
provided. Evidence of equity impact was classified as:

* Pro-equity (symbol: +) which refers to reduction in health disparities compared with the general population;

¢ Anti-equity (symbol: -) which refers to an increase in health disparities, and;

* Mixed equity (symbol: ?) which refers to some improvement in an outcome for a vulnerable group but health
disparities still persist and increase in other areas.
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n

T=1362;
C=194;
AA =168
T =575;
EA =302;
AA =273
T =366;
M = 49;
Pl =21;
CH=9
T=3672;
W =2543;
B =639;

) =227;
CH =263
T=13608;
E=-; M=-;
ETA=-;
Pl=-

Test type

CYP2C9 (*2 and
*3) and VKORC
(11173 C/T)
genotype

CYP2C9 (*2, *3,
*5, *6 and *17)
and VKORC1
(1173C/T,
3730G/A,
2255C/T,
1542G/C)
genotype

CYP2C9 (*2 and
*3) and VKORCT1
(1639G/A)
genotype

CYP2C9 (*2 and
*3) and VKORC1
(1639AA)
genotype

CYP2C19 (*2)
genotype

Average age

58.7

61.1

68.6

An assessment of the impact of pharmacogenomics on health disparities

Table 1. Summary of included studies

Age range or
SD

45-72

SsD
+14.7-16.0

SD +9-12

45-80

Women (%)

30.9

48.7

Description of sample

A prospective cohort of
patients (of various
indications) with a
target international
normalized ratio of
between 2.0 and 3.0
were genotyped

A prospective cohort of
patients (of various
indications) with a
target international
normalized ratio of
between 2.0 and 3.0
were genotyped

A prospective
cross-sectional
simulation study of
patients with severe
coronary disease

Patients included in
IWPC dataset from 22
study sites with a
target international
normalized ratio of
between 2.0 and 3.0

Cost-effectiveness
analysis using
international
multicenter RCT data
of genetic testing for
CYP2C19 variants to
guide thienopyridine
treatment patients
with ACS

Country

USA

USA

New Zealand

Singapore

New Zealand

Equity comment

Uncertain usefulness of

variants in
African-Americans to
provide predictive
information in

anticoagulation response

Inconsistent ability to
provide predictive
information in

anticoagulation response

Study guides warfarin
maintenance dose and
therefore may reduce
ethnic disparities in
treatment outcomes

Warfarin PGx testing

reduces inaccurate dosing

in white patients but
black, Japanese and
Chinese do not benefit

Treatment strategy has

Systematic Review

GRADE Ref.
Ethnicity- 3 [13]
Ethnicity - 3 [14]
Ethnicity 2 [15]
+

Ethnicity- 3 [16]
Ethnicity 2 [17]

potential to reduce ethnic +

health disparities

AA: African—American; ACS: Acute coronary syndrome; B: Black; C: Caucasian; CH: Chinese; E: European; EA: European-American; ETA: East Asian; IWPC: International warfarin
pharmacogenetics consortium; J: Japanese; M: Maori; PGx: Pharmacogenetic test; Pl: Pacific Islander; SD: Standard deviation; T: Total; W: White.

Results

Study selection & characteristics

A total of 4978 papers were identified by the search of electronic databases. We retrieved 80 full-text articles, of
which four met the inclusion criteria for the review and one additional article was identified from a hand search of

reference lists and therefore five studies were included in the review [13-17]. Reasons for exclusion are presented in

Figure 1. The heterogeneity in outcomes, methodologies and settings precluded meta-analysis.
The characteristics of the included studies are presented in Table 1. Of studies that were identified: four studies

were based on evaluating genotype-guided dosing of warfarin to provide predictive information on anticoagulation
response [13-16], while the fifth focused on the use of genotyping to guide treatment of the antiplatelet drug

clopidogrel [17]. No other drug-gene studies met our inclusion criteria.

Our final included studies comprised of two from the USA [13,14], two studies from New Zealand [15,17] and one
study from Singapore [16]. Of the included studies, four were prospective cohort studies [13-16] and one study by
Panattoni et al. (17) was a cost—effectiveness analysis. The quality of reporting is shown in Table 1 according to the
GRADE criteria. Initially, four of the studies; 13—16 were rated up due to consistent identification of association

between CYP2C9 enzyme and VKORCI gene and warfarin dose requirements to achieve anticoagulation control.
While, the fifth study [17] was rated up due to consistent identification of association between CYP2C19 enzyme
and metabolism rates of clopidogrel. There was limited risk of bias due to study design, importance of recruitment

setting, presence of self-reported information and response rate. However, of the five studies, two studies [15,17]

were subsequently rated down due to use of prediction modelling simulation and possible indirectness issues. Both

indirectness (e.g., comparators used) and imprecision (e.g., due to inaccuracies in measurement) were not substantial
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concerns for other included studies. Overall, three studies were deemed to be of ‘moderate quality’ [13,14,16] and the
remaining two studies were deemed of ‘low quality’ [15,17].

Of five studies identified, three studies of genotype-guided dosing of warfarin reported that ethnic disparities
in healthcare may widen [13,14,16]. In contrast, one study of genotype-guided dosing of warfarin and one study
of genotype-guided antiplatelet therapy reported that ethnic disparities in healthcare may reduce [15,17). In all
five studies, the impact on disparities in healthcare was discussed but none of the studies quantified the resulting
predicted increase or reduction in disparities in healthcare.

Predicted impact of genotype-guided dosing of warfarin & health disparities

A study by Gladding ez a/. [15] reported that genotype-guided dosing of warfarin could theoretically reduce ethnic
health disparities as personalizing treatment using pharmacogenetics enables improved treatment by addressing
underlying genetic differences between individuals. The study tested the frequency of known important variants
within the VKORCI (1639G/A) and CYP2C9 (*2 and *3) genes in a population of cardiac patients and then
performed a simulation, based on genetic and personal factors, to estimate the mean dose of warfarin for different
South Pacific ethnic groups [15]. The authors report that while genetic variability within an ethnic group can
be greater than between ethnic groups, no data existed for dose requirements in populations of Maori or Pacific
Islander in New Zealand, nor have these groups been studied extensively in terms of pharmacogenetics. Gladding and
colleagues highlight the importance of trial participation and long-term data collection for potentially underserved
groups [15]. Moreover, lack of trial participation and data collection can lead to mistreatment for understudied
groups and therefore the potential treatment benefits may not be fully generalizable [18].

In studies by Kealey ez al. [13], Limdi ez a/. (14 and Chan ez /. [16] the authors highlighted inconsistencies in the
ability to provide predictive information for anticoagulation response with genotype-guided dosing of warfarin for
certain ethnic groups compared with Caucasians. Moreover, these studies reported that health disparities widen
due to poor characterization of genetic variants for certain group of patients. Kealey ez a/. reported that at the time,
no studies had been completed to evaluate whether genetic variation in CYP2C9 was useful in predicting warfarin
response in African—Americans [13]. A later study by Limdi ez a/. (14] found that CYP2C9 and VKORCI accounted
for up to 30% of the variability in warfarin dose among European—Americans and 10% among African—Americans.
Limdi and colleagues concluded that although CYP2C9 and VKORCI genotyping has the potential to facilitate
the development of individually tailored warfarin dose in both African—Americans and European—Americans, the
ability to predict overanticoagulation risk was limited to European—Americans [14]. A further study by Chan ez 4/. [16)
also found that there are different dose requirements between different races and there was considerable overlap
in dose distributions depending on genotype combinations. Chan and colleagues revealed that genotype-guided
dosing of warfarin can reduce inaccurate dosing by 18-24% in white individuals, whereas black, Japanese and
Chinese individuals were not found to benefit from genotype-guided dosing of warfarin over standard dosing
algorithms [16].

Genotype-guided treatment compared with treatment of clopidogrel or prasugrel alone & health
disparities

A clinical trial found that patients with acute coronary syndromes and reduced function allele CYP2C19*2 (*2
allele) who are treated with thienopyridines (antiplatelet medications), have an increased risk of adverse cardiac
events with clopidogrel, but not prasugrel because prasugrel activation is not predominantly dependent on oxidation
by the enzyme CYP2C19 (17]. A study by Panattoni ez 4/. 17 found that genotype-guided treatment compared with
standard treatment of clopidogrel is a potentially cost-effective strategy for the entire New Zealand population and
in particular for Maoris and Pacific Islander patients. It was reported that Maori and Pacific Islander ethnicities
have a relatively high incidence of CYP2C19*2 allele and therefore poor metabolizers of clopidogrel were more
commonly identified. Increased cost—effectiveness was found in Maori and Pacific Islander ethnicities due to
enhanced efficacy (19]. Therefore, the authors concluded that the introduction of genotype-guided clopidogrel
dosing has the potential to reduce ethnic disparities in healthcare as a result of enhanced treatment efficacy within
a disadvantaged population group [17).

Discussion
Our review to explore the impact of differing treatment responses on disparities in healthcare has highlighted a
paucity of evidence with only five studies identified. The data that were available centered on differing pharmacoge-
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nomic treatment responses in different ethnic groups and the authors discussed how this may lead to disparities in
healthcare. The case studies of genotype-guided dosing of warfarin and genotype guided treatment of clopidogrel
revealed several barriers which need to be overcome in order to fully realize potential treatment benefits [18]. Most
striking from our analysis is that no papers were identified which determined whether there were health disparities
in the same ethnic group within the same country. Inequalities in health are determined by many different factors
including socioeconomic and more work will be needed in this area as PM approaches become implemented into
practice.

Research on the impact of pharmacogenomics on disparities in healthcare may have been hindered by the relative
lack of implementation into clinical practice due to associated lack of cost—effectiveness evidence. A systematic
review found robust evidence of cost—effectiveness for pharmacogenomic testing for prevention of adverse drug
reactions only for a limited number of drugs (abacavir, allopurinol, carbamazepine, clopidogrel and irinotecan)
even though over 200 drugs were identified with labels containing pharmacogenetic information [20].

Warfarin has a narrow therapeutic index and thus getting the dose correct is crucial to prevent either excessive
or insufficient anticoagulation [21,22]. It was estimated in the USA that hospital admissions related to warfarin
complications were estimated to cost on average US$10,819 per patient and that the cost of drug-related morbidity
and mortality exceeded US$177 billion [23). Recently the results of two large RCTs which evaluated genotype-
guided dosing of warfarin were published, one which was conducted in Europe (EU-PACT) and the other in
the USA (COAG) 221. EU-PACT demonstrated that genotype-guided dosing compared with fixed loading dose
regimen in newly diagnosed patients with thromboembolic disorder in the UK and Sweden found an improved
achievement of the primary outcome of percentage time within International Normalized Ratio (INR) target time
within Therapeutic Range (TTR) evaluated over 3 months [211. COAG failed to show an improvement in TTR
compared with a standard clinical dosing algorithm [22]. African—American patients in COAG were less likely to
achieve TTR in the genotyped arm compared with the control arm [22]. While EU-PACT consisted of an ethnically
homogenous cohort (97% white), COAG was an ethnically heterogeneous cohort (67% white, 27% black, 6%
Hispanic). CYP2C9 *2 and *3 allele frequencies are lower in African—Americans than European—Americans (1 and
2%, respectively and 6 and 10%, respectively), while other SNDPs are present in African—Americans but are rare in
Caucasians (CYP2C9*8 and *11). The latter SNPs however were not assessed to inform dosing African—American
patients in COAG [21,22]. A cost—effectiveness analysis of the EU-PACT trial showed that genotype-guided dosing
in the UK and Swedish populations was cost-effective when compared with current standard clinical care [24). It is
now clear that ethnicity-stratified analysis can improve dose prediction across ethnic groups when compared with
ethnicity-combined analysis [25]. Such population-specific warfarin pharmacogenomic dosing algorithms are likely
to address, at least in part, a source of health disparities in pharmacogenetically underserved groups [25-27].

Clopidogrel is a commonly prescribed antiplatelet drug. Clopidogrel is a prodrug which is metabolized by
CYP2C19 to become active. While patients with reduced-function variants (*2, *3, *4 and *8) require higher
doses of the drug, patients with a gain-of-function variant (*17) require lower dose [28]. Individuals may have a
combination of variants and the Clinical Pharmacogenetics Implementation Consortium (CPIC) has developed
guidelines for differing metabolism rates to inform treatment strategies [29]. The prevalence of variants differ by
ethnicity; the most common CYP2C19 loss-of-function allele is *2 with allele frequencies of 29-35% in Asians
and only approximately 15% in Caucasians and Africans [29]. The study by Panattoni ez a/. [19] highlights how
variation in the frequency of the variant allele in certain ethnic populations can confer benefits in that population
and potentially reduce health inequalities.

It is important to note that clopidogrel treatment failure is multifactorial as noncompliance, drug—drug inter-
actions and comorbidities may also have a clinically significant impact on health outcomes (30]. Therefore to date,
due to a lack of prospective data from RCTs which would adjust for confounding factors, genotyping to identify
CYP2C19 loss-of-function alleles is not yet widely recommended as part of routine clinical care [30]. However, two
large prospective RCTs (TAILOR-PCI and POPular Genetics study) are underway to address this gap in clinical
evidence [30].

From both pharmacogenomic examples, it is apparent that identifying genetic variants in genes across an ethnically
diverse population can improve treatment algorithms to optimize care. A report by the Precision Medicine Initiative
Working Group further explains that knowledge of genetic variability in six different ethnic groups is necessary to
identify variations in disease etiology and course [5]. The results of this review identified a small number of studies
which have focused on the impact of pharmacogenomics on health disparities. However, from our findings it is
difficult to state with any degree of certainty as to whether health disparities have been widened or reduced by
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pharmacogenomics. Indeed, the results from our review should be treated with caution as ‘absence of evidence is
not evidence of absence’.

Access to knowledge-based disparities in implementation of pharmacogenomics in clinical practice may be
compounded by a paucity of evidence of clinical effectiveness in underserved groups. Furthermore, provider and
patient relations are paramount for the potential realization of PM. There is known substantial disparity in uptake
of genetic tests, which has been found to be associated with a range of psychosocial, sociodemographic factors and
clinical factors [6]. Therefore, proactive initiatives to minimize and prevent disparities caused by these factors should
be encouraged. This should include conscious decisions to ensure that there is participation across sociodemographic
groups during the development phase to ensure that the potential benefits from pharmacogenomic research are
fully realized [18,31].

A limitation of the scope of this review is that impact on health disparities is rarely reported in primary clinical
studies. Moreover, the electronic search may have failed to identify potential sources of evidence if terms relating
to impact on health disparities were not stated in the title, abstract or keywords of the publication. Furthermore,
none of the included studies attempted to quantify the impact of pharmacogenomic-guided treatment on health
disparities [13-16,19]. Despite these limitations it is important to emphasize again that we did not identify any studies
that specifically evaluated health disparities caused by pharmacogenomics within the same ethnic group in the same
country. A report by the WHO Commission on Social Determinants of Health (2008) highlighted the overarching
importance of improving daily living conditions and combating the inequitable distribution of money, power and
resources in reducing health disparities (321. While pharmacogenomics is not a main determinant for population

Summary points

Minimizing modifiable health disparities is fundamental for an equitable & progressive achievement of healthcare

coverage

* There is concern that innovative medicines may be taken up less quickly and in lower numbers in different
populations due to challenges in access, availability and understanding of health information.

* This systematic literature review considers evidence of the impact of pharmacogenomic interventions on
widening or reducing health disparities.

Systematic literature review methodology

* The review was informed by the Centre for Reviews and Dissemination’s guidance for undertaking reviews in
healthcare and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
with a focus on health equity guidelines.

* Over 200 drugs which include pharmacogenomic information in the drug label were identified from the
PharmGKB website. A search of major databases was conducted using two clauses combined which included
pharmacogenomic drugs and health disparity terms.

Results of the systematic literature review

* A total of 4978 abstracts were screened and 80 articles were full text screened.

* Four met the inclusion criteria and one additional article was identified from a hand search of references.

Predicted impact of genotype-guided dosing of warfarin & health disparities

* Genotype-guided dosing of warfarin could theoretically reduce ethnic health disparities as personalizing
treatment improves health outcomes by addressing underlying genetic differences between individuals.

* Inconsistencies in the ability to provide predictive information for anticoagulation response with
genotype-guided dosing of warfarin for certain ethnic groups.

Genotype-guided treatment compared with treatment of clopidogrel or prasugrel alone & health disparities

* Maori and Pacific Islander ethnicities have a relatively high incidence of CYP2C719*2 allele and therefore poor
metabolizers of clopidogrel were more commonly identified.

* Genotype-guided clopidogrel treatment has the potential to reduce ethnic disparities in healthcare as a result of
enhanced treatment efficacy within a disadvantaged population group.

Conclusion

* The review highlights a paucity of research which investigates the impact of pharmacogenomics on health
disparities.

* Lack of trial participation and data collection can lead to mistreatment for understudied groups and therefore
the potential treatment benefits may not be fully generalizable.

* Knowledge of how pharmacogenomic innovations translate within different subgroups is paramount to ensure
beneficial aggregate population effects do not conceal widening disparities.
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health, since translation of research is at such an early stage, a proactive approach provides an opportunity to ensure
future advancements benefit disadvantaged populations.

Conclusion & future perspective

In summary, our review has highlighted that there is limited analysis and reporting of impact on health disparities
in pharmacogenomics studies. In the literature, it is widely acknowledged that concerted efforts are required to
ensure that the underserved and vulnerable populations also have future access to clinical innovations. However,
whether this is happening is unclear at present and thus future pharmacogenomics studies should incorporate
equity assessments to address the existing gap in evidence.
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