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Pharmacogenetic testing is critical to the implementation of personalized medicine.
Researchers continue to uncover the multiple genetic influences on drug response, and
the considerable variations across populations and regions. Hence the urgent need for
accurate, comprehensive and accessible tests, in order to ensure that patients receive the
most effective and safest treatments.
Personalized trials continue to grow
Pharmacogenomics’ potential to transform drug
discovery and development is becoming clearer. Over
half of all trials initiated in 2018 included the use of
selective pharmacogenomic and/or pharmacogenetic
(PGx) biomarkers, according to data from Informa’s
Trialtrove. These trials are more likely to succeed
than those without – and that advantage has grown
several-fold in the last two years.
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The proportion of clinical trials that incorporate PGx
biomarkers to target specific patients continues
to increase. Data from Informa’s Trialtrove shows
that well over half (55%) of all trials initiated in 2018
included PGx biomarkers for patient selection into a
trial or cohort, up from 40% in 2014. The trend-line
looks set to continue rising. (See Exhibit 1)
This growth could be explained by the fact that trials
which include a PGx biomarker for patient selection
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Exhibit 1. Phase I–IV Trials Using Biomarkers By Trial Start Year, 2003–2018
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Definition: Clinical trials with PGx biomarkers are trials which incorporate analysis of pharmacogenomics (genome-level
variations) and/or pharmacogenetics (single-gene or DNA sequence-level variations) for patient selection or stratification.
Individuals are invited to participate in the study, or in a particular study arm, based on genetic or molecular profiling that can
help predict their response to a therapy. Trials testing biomarkers only are those using biomarkers for efficacy or toxicity, and
NOT for patient selection or stratification.

are more likely to succeed than those that do not –
and the relative advantage is growing, according to
Trialtrove data. An analysis of trial outcomes from
studies initiated between 2003 and 2018 showed
that over 58% of PGx trials had a positive outcome,
versus just 50% for those without. (See Exhibit 2)
That 8% difference represents a four-fold increase
over that found just two years ago, from the same
analysis on trial data from 2003-2016.1

drug pricing translate into an urgent need
among biopharma companies to transform trial
success rates and efficiency. PGx are making that
transformation possible. By using genetic fingerprints
to predict individual responses to drugs – around
safety, efficacy, and/or pharmacokinetics – they allow
sponsors to optimally select the patients most likely
to benefit from a particular treatment. This increases
the chances of a positive trial outcome.

The challenges of rising R&D costs, declining
productivity and growing payer pressure on

Indeed, an earlier BIO Industry Analysis using
Informa Pharma Intelligence’s Biomedtracker
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Exhibit 2. Effect Of Biomarker Use On Completed Trial Outcomes
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*Unknown category includes trials that have not yet reported full results for the primary endpoint(s) or reporting indeterminate
outcomes (reported outcome(s) are neither clearly positive nor clearly negative)

and Amplion Inc.’s BiomarkerBase suggested that
drug candidates tested in trials that used selection
biomarkers to inform patient recruitment were
three times more likely to be approved than those
which did not. PGx programs were also more likely
to progress from one development phase to the
next. Phase III programs incorporating PGx were
tagged with a 76.5% success rate, versus 55% for the
non-selective trials. This difference is meaningful,
given the high cost of Phase III studies – comprising
by far the largest chunk of overall R&D spend.2
The use of PGx testing is not limited to trials:
a growing number of approved drugs are
‘personalized’, meaning they are indicated
specifically for patients with particular genetic
or molecular biomarkers. For example, almost
half of patients with advanced melanoma have
mutations in the BRAF gene, and are thus suitable
for treatment with a targeted BRAF inhibitor, such
as Zelboraf (vemorafenib). Patients taking Keytruda
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(pembrolizumab) for non-small cell lung cancer are
first tested for levels of a protein found on cancer
cells called programmed death ligand-1 (PD-L1).
According to the Personalized Medicine Coalition,
the number of personalized medicines on the
market rose to over 130 in 2016 from just 5 in 2008.3
Of the 59 new drugs approved by the US FDA in
2018, 12 (20%) were based on predictive biomarkers.
Phase II is the PGx sweet spot, but this is shifting
Phase II accounts for the largest share of PGx trials
–over 40% of the total. (See Exhibit 3) Phase II trials
are generally large enough to be able to associate
a pharmacogenomic marker with a given clinical
phenotype or endpoint, and are able to inform more
effective Phase III trial design.4
Furthermore, in oncology – which dominates the
PGx trial landscape - Phase I studies are often
combined with Phase II for ethical reasons and to
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

accelerate a therapy’s route to market where there
is a significant unmet need. In this analysis, mixed
phase trials were rolled into accounts for the more
advanced phase, meaning Phase I/II trials were
included in Phase II trial counts.
Yet the use of PGx has nevertheless steadily shifted
upstream since 2005, with an increasingly large
share taken by Phase I studies. Over a quarter of
all Phase I trials initiated in 2018 were PGx trials,
according to Trialtrove, versus just over 10% in 2005.
(See Exhibit 3)
The blue segments of the horizontal lines represent
the share of PGx trials that were Phase I. This share
has steadily increased since 2005, illustrated by
lengthening blue segments in later years.
This trend suggests that drug developers
recognize the need to begin early – including in
pre-clinical work – in order to take full advantage
of PGx approaches. Early-phase trials provide
an opportunity to generate hypotheses about
the various pharmacogenomic signals that may
be relevant to drug response – signals that can
be tested and confirmed in later-stage trials. For
example, in Phase I studies, toxicity parameters may
be studied at varying dosages, as well as drug-drug
interactions, and in some cases (oncology), drug
efficacy or proxy-biomarkers. All this can inform
Phase II design, doses, patient stratification and
choice of diagnostic.
Oncology still dominates,
but other indications are catching up

The Genomics Revolution
Scientists’ understanding of health – and
disease – has deepened exponentially since
the sequencing of the Human Genome at
the turn of the century. That achievement
unlocked a treasure trove of new drug
targets, and led to the development of
more efficient, accessible and accurate gene
sequencing and editing tools, including
CRISPR-Cas9, for example.
But this was just the start. Researchers
have since uncovered and begun to
analyse the multiple intermediary ‘-omics’
layers that sit between the genome and
actual disease symptoms. They are also
starting to determine the various influences
(environmental, behavioural, molecular,
genetic) on these intermediary pathways
and molecules. Pharmacogenomic and
pharmacogenetic tools and tests are a
core component of this work, helping pinpoint and measure the many genetic and
molecular players in health and disease,
and use them to develop better treatments.
Indeed, the result of this scientific

Oncology remains the runaway leader in PGx trials,
accounting for over 90% of the 11,000 trials initiated
between 2003-2018, according to Trialtrove.

flourishing include targeted immuno-

That dominance has not changed over last two
years, and is unlikely to in the near-term: cancer is
a very heterogenous set of conditions, caused by
genetic mutations that are now understood to often
be specific to particular patient sub-populations.
Data from the Personalized Medicine Coalition

disorders, and the first engineered cell
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therapy drugs for cancer, potentially
curative gene therapies for certain inherited
therapies, Yescarta and Kymriah. The
foundations are being laid for a new era of
personalized medicines and drug R&D.
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Exhibit 3. Trial Phase Distribution By Year - PGx Trials
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The pink segments of the horizontal lines represent the share of PGx trials that were Phase I. This share has steadily increased
since 2005, illustrated by lengthening pink segments in later years.

suggests that a given cancer drug is ineffective, on
average, for three quarters of the population, while
in asthma or depression, the equivalent share is
about 40%. (That 40% figure is still high, however,
and explains the broader push, including from
regulators and payers, toward more individualized
therapies that have the best chance of delivering
positive outcomes in any given patient.)
Over half of breast cancer trials started between 20032018 used PGx for patient selection; in 2017-2018, that
share increased to 72%. In non-small cell lung cancer
(NSCLC), half of all trials were PGx-selective between
2017-18, up from 31% over the fifteen-year period.
(See Exhibit 4) The strongest 2017-18 volume growth
in PGx trials was in blood cancer, however. NonHodgkin’s lymphoma (NHL) saw a 70% increase in PGx
6 / October 2019

trial numbers, followed by NSCLC with 55% growth and
melanoma with 47%. (Data not shown)
The NHL surge is likely explained by the emergence
of chimeric antigen receptor T-cell therapy (CAR-T)
as an option for some patients with advanced
haematological malignancies.
CAR-T therapy takes advantage of a series of
biomarkers found on the surface of malignant
(cancerous) cells. These markers – including the
CD19 glycoprotein found on diseased B cells, a type
of immune cell – serve as targets that help direct
cancer-destroying T cells (another kind of immune
cell) to the precise location where they are needed.
This reduces damage to healthy tissues. According
to data cited in the Journal of Experimental and
Clinical Cancer Research, there were over 100
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

Exhibit 4. Top Oncology Indications Selecting Or Stratifying Patients By PGx Biomarkers
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trials underway, as of May 2018, targeting over 25
different surface biomarkers across multiple tissue
types, leading to exponential growth in the discovery
and investigation of biomarkers that could be used
in CAR-T cell therapies.5

for patient selection, versus fewer than 5% each for
Alzheimer’s, HCV, depression and HIV. (See Exhibit
5) This may be explained by the continued discovery
of additional disease-causing mutations to the CFTR
gene implicated in cystic fibrosis.

Biomarker discovery and specificity are essential
to the further development – and success - of
CAR-T cell therapies, of which there are many
in development. Thus far, they have been less
successful in solid tumors, though over a dozen
biomarkers are in development across multiple
organs and tissue-types.

More telling is the growth of PGx trials in nononcology indications between 2017 and 2018.
(Data not shown) Over 35% of all studies initiated
during this period in cystic fibrosis, an auto-immune
condition called epidermolysis bullosa (EB), and
spinal muscular atrophies (SMA), were PGx selective.
These shares are approaching those of PGx-selective
trials across many cancers. Activity in SMA, a genetic
condition, was likely spurred by the approval of
Biogen’s Spinraza in the US in 2016; Novartis’ gene
therapy Zolgensma followed in May 2019.

Outside of oncology, cystic fibrosis maintained its
leading share of PGx trials, with 22% of all trials
initiated between 2003-2018 using this approach
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

October 2019 / 7

Exhibit 5. Top Non-Oncology Indications Selecting Or Stratifying Patients By PGx Biomarkers
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Volume growth in PGx trials between 2017-18 was
double that of non-PGx trials in both cystic fibrosis
and HIV, even though the latter only accounts for 1%
of all PGx trials. Despite the huge advances made
in HIV treatment, there remains high variability
across individuals’ responses to therapy, with race,
gender, concurrent medication, compliance and
disease genetics all thought to play a role. Genetic
polymorphisms continue to be uncovered, though
establishing their clinical significance has been harder.
In Hepatitis C, where just 3% of trials use PGx, growth
of PGx trials was lower than that of non-PGx trials,
perhaps reflecting shrinking franchises among several
sponsors following the extraordinary success of
Gilead’s Sovaldi (sofosbuvir) and follow-on treatments
in treating, and even curing, the condition.
As the genetic bases of almost all diseases are
unravelled using increasingly sophisticated genomics
8 / October 2019

tools and analytics, all therapy areas are likely to see
a surge in more targeted approaches. Efforts are
underway to create more tailored therapies across
allergy, depression, cardiovascular diseases and liver
conditions, among others.
Roche, Novartis and AstraZeneca are the top
PGx trial sponsors
The National Institutes of Health has the largest
absolute number of PGx-selective trials, with
over 600 active trials as of July 2019, representing
a quarter of its total. Roche, Novartis and
AstraZeneca are the top industry sponsors, each
with over 200 active trials, accounting for between
34% and 40% of all their trial activity. (See Exhibit 6)
Those shares are increasing: at oncology-focused
Roche, it grew from 36% to 40% between 2017
and 2019. (See Exhibit 7) At AstraZeneca, which is
strengthening its cancer focus, the share of PGx© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

Exhibit 6. Top 20 Sponsors/Collaborators Of Active Trials Using PGx Biomarkers
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Exhibit 7. Proportion Of Active Trials Using PGx Biomarkers By Top Sponsor/Collaborators, 2017 Vs 2019
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Included in chart: Top 15 sponsor/collaborators based on absolute number of PGx-selective trials in 2019
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selective trials jumped from 27% to 34% over the
same period. (Interestingly, the absolute number
of active trials fell at all three of those pharma
firms, perhaps reflecting pipeline prioritization.)
Similarly, the share of PGx trials has grown by
almost ten percentage points (from 25-34% in
2017 up to 34-43% in 2019) among cancer-focused
research institutes – including MD Anderson Cancer
Center at the University of Texas, Memorial SloanKettering Cancer Center, Harvard Medical School’s
Dana Farber Cancer Institute and the City of Hope
Comprehensive Cancer Center.
Big biotechs Celgene and Amgen feature in the top
20 PGx trial sponsors, with more such trials than
Takeda, Eli Lilly and Bayer in both 2017 and 2019.
Regulators support personalized medicine
Regulators are supporting the greater use of
PGx in clinical trials. The FDA’s Genomic and
Targeted Therapy Group guides on the use of
pharmacogenomics and other biomarkers in drug
development and clinical practice. In 2018 alone,
the group produced 11 draft and final guidances
around pharmacogenomics – the same number
created over the twelve years up to 2017.6
One of the latest FDA guidances, published
in March 2019, outlines how industry can
prospectively use pharmacogenomics and other
patient characteristics to select study populations
most likely to respond to – and ultimately benefit
from – an investigative drug. The stated intent of
the document is to “increase the efficiency of drug
development and support precision medicine.”7
Within this guidance, FDA urges sponsors to
consider the generalizability and the applicability
of study results that include biomarker-based
pre-selection (it calls this ‘trial enrichment’). It
encourages drug developers to question whether
such selection could feasibly occur in clinical
practice, to assess the accuracy of measurements
used to identify the target population, the
10 / October 2019

sensitivity and specificity of selection criteria, and
whether patients who do not meet the criteria
should also be studied.
The European Medicines Agency’s Guidelines on
Good Pharmacogenomic Practice came into effect
on September 1, 2018. Its scope is limited to the
analysis of genomic germline DNA, though, not the
somatic DNA and genomic biomarkers relevant to
cancer drug development.8
Efforts have also been made to harmonize
regulators’ approaches: the International
Conference on Harmonization (ICH) has issued
guidelines around definitions for genomic
biomarkers, the format of submissions for the
qualification of such markers, and, most recently,
guidance on genomic sample collection.
Alongside regulator support is a growing suite
of resources to assist researchers investigating
how genetic variation affects drug response. The
Pharmacogenomics Knowledge Base (PharmGKB)
is an interactive tool that aggregates and
curates PGx information from primary research.
PharmGKB is funded by the National Institutes of
Health and managed from Stanford University,
and works with international consortia working
on large PGx datasets, including the International
Warfarin Pharmacogenomics Consortium and
the International Clopidogrel Pharmacogenomics
Consortium.
In 2009, PharmGKB cofounded the Clinical
Pharmacogenetic Implementation Consortium
(CPIC) to create and share peer-reviewed
genotype-based drug-dosing guidelines for
clinicians, in areas where there is strong literature
evidence. CPIC has also proposed standardized
terms within PGx test reporting to reduce
confusion, and provides functional annotations for
pharmacogenes – genes thought to be involved in
an individual’s drug response. In addition to dosing
guidelines from CPIC, the Association for Molecular
Pathology (AMP) and College of American
Pathologists provided a joint recommendation
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

on “must-test alleles” within critical genes such as
CYP2C9. AMP has provided similar guidelines for
variants within CYP2C19. In 2018, Veterans Health
Administration subcommittee recommended
that about half of the pharmacogenetics tests it
evaluated, which included alleles within CYP2D6,
HLA-B and CYP2C19, be more widely implemented
across its facilities.9

For example, people who are ultra-rapid
metabolizers of CYP2D6, a liver enzyme, may suffer
from life-threatening respiratory depression when
they take codeine. Those that struggle to metabolise
CYP2C19, another enzyme, struggle to gain any
benefit from the anti-platelet drug clopidogrel.
There are numerous other known examples for
pharmacogenes, and likely many more unknown.

Research into PGx implementation is ongoing in
the US (eMERGE network), EU (U-PGx) and Canada
(Go-PGx). Parallel efforts to accelerate and simplify
the adoption of PGx testing in the clinic exist at the
national level, such as the Dutch Pharmacogenetics
Working Group. The DPWG recently developed a
‘PGx-Passport’ designed to all the variant alleles
(genetic mutations) for which actionable clinical
guidelines exist. The variations span 14 different
genes, and may allow more targeted prescription of
49 widely-used drugs.

The picture is not as straightforward as a single
gene or gene mutation impacting disease response.
Multiple variants exist of certain genes, each of
which may, alone or in combination with others,
have a different impact on enzyme activity and thus
a drug’s effectiveness or safety in a given individual.
The number of functional copies of a given gene is
another variable influencing drug response.

The Wellcome Sanger Institute in Cambridge, UK – a
world-leading genomics discovery center where over
a third of the human genome was first sequenced
- has multiple academic and industry partnerships
seeking to elucidate the genomic basis of health and
disease, and to accelerate the development of new
diagnostics and targeted therapies.
Biobank-based programs such as FinnGen
are another important driver toward more
personalized medicine. FinnGen is gathering
genomics data from a network of Finnish biobanks,
and combining it with digital health care data from
national health registries. AstraZeneca, Pfizer,
Sanofi, Roche, Celgene and Biogen feature among
FinnGen’s industry partners.
PGx markers are highly complex
Most of the genetic variants that influence
individuals’ responses to a drug are found in genes
that code for drug-metabolising enzymes, the
drug target itself, or genes that encode important
components of the immune system (such as the
major histocompatibility complex, MHC).
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

Finally, pseudogenes - close copies of functional
genes that have emerged over the course of
genome evolution – likely also have a role, since
they regulate the expression of protein-encoding
genes. This is true of alleles within critical genes
like CYP2D6, CYP2C19 and CYP2C9 which only a
handful of technologies can provide comprehensive
coverage on and are able to call accurately.10
Technologies that offer comprehensive coverage
of pharmacogenomics alleles while also providing
whole genome coverage on disease associated
variants across a diverse populations have value in
drug discovery because of the ability to discover new
variants responsible for adverse drug events.11
Looking beneath the level of the gene, even changes
in single nucleotides – the molecular building blocks
of DNA – can influence drug response. Such ‘single
nucleotide polymorphisms’ (SNPs) may also combine
together, into ‘haplotypes’, to modulate responses.
Pharmacogenetic haplotype patterns are often
referred to as ‘star alleles.’
Capturing as many as possible of these
variables is critical in effective PGx testing,
requiring bioinformatics tools as well as genetic
analysis technologies.
October 2019 / 11

adverse reactions in many individuals when
it implemented a World Health Organization
(WHO) recommendation to change first-line
HIV treatment to efavirenz. It turns out that
20% of the Zimbabwean population have a
particular genetic variant that prevents them
from properly metabolising the drug, meaning
they experienced the unpleasant and dangerous
effects of an over-dose, even on the standard
dosing regimen. Pharmacogenomic testing and
awareness of the dangers of taking a one-sizefits-all approach to medication can help avoid
such public health crises.11

Coverage of global populations is key
Understanding genetic variability across people of
different ethnic origins and across regions is critically
important to building effective precision medicine.
This is made particularly challenging by the complex
mixing of ancestral populations in many areas
(admixed populations) and in cases where ethnic
information is withheld or unknown.
Reactions to many widely-available, nonprecision medicines are already shown to vary
considerably among populations, and more
recent pharmacogenomic research, supported by
increasingly sophisticated and efficient tools, is
revealing that far more genetic variants affect drug
response than previously believed.11
The CYP2C8 gene family, for instance, alters
how about 5% of commonly-used drugs
are metabolised in the body, including antidiabetics, anti-hypertensives, anti-malarials and
non-steroidal anti-inflammatory drugs.12 One
particular variant of this gene, CYP2C8*2, leads
to reduced drug clearance and is common in
Africans, but not in individuals of European or
East African ancestry.11 The consequences of
ignoring such information can be serious: in
Zimbabwe, the government inadvertently caused
12 / October 2019

Similarly, pharmacogenomic studies in Taiwan
have identified a strong association between
carbamazepine (CBZ)-induced SJS/TEN, a
rare and potentially fatal skin reaction, and
the HLA-B*15:02 allele among Han Chinese.
This association was also observed in other
populations in South East Asia including those
in Hong Kong, Malaysia, and Thailand. The US
Food and Drug Administration (FDA) therefore
recommended genetic testing for all new users
of CBZ whose ancestries have high HLA-B*15:02
allele frequency13 The Taiwan Precision
Medicine Study aims to perform pre-emptive
pharmacogenomics on its population to identify
individuals with this allele.
The market is only just waking up to both the
importance of, and the opportunities arising
from, a deeper understanding of regional genetic
and pharmacogenomic variation. Already,
pharmacogenomics research has led to more
tailored treatment and dosing decisions that
have yielded higher treatment success rates. That
progress must continue.
Growth in PGx testing will continue,
despite challenges
The data outlined above show that, despite the
challenges, PGx testing continues to grow across
almost all therapy areas. This growth is likely to
© Informa UK Ltd 2019 (Unauthorized photocopying prohibited.)

significantly impact clinical productivity over the next
5-10 years and beyond. As of July 2019, almost 13%
of all reported active trials involved PGx biomarkers,
according to Trialtrove.
Hurdles remain to the wider adoption of PGx
testing to direct treatment in clinical practice.
Many physicians still have limited knowledge
and understanding of the utility of such tests,
and interpreting their results is not always
straightforward, even for the experts. There are
still inconsistencies in recommendations from the
various consortia around particular gene-drug pairs.
There is a high need for ‘all-in-one’ genomic testing
panels to reduce testing burden and complexity.
Yet approaches such as whole-exome or wholegenome sequencing are expensive. Finally, scientists’
understanding of the relevant targets, genes
implicated in disease is still incomplete.

Platforms that offer broad-based pre-emptive PGx
testing with the most comprehensive content, copy
number variant calling and reliable genotyping of
highly predictive markers in complex genes are able
to overcome many of these challenges.
Past and recent attempts by companies working on
direct-to-consumer genomics tests have failed to
offer comprehensive and reliable genotyping of the
critical alleles.14 Certain microarray platforms and
sequencing techniques such as exome sequencing
have had limited utility because of inadequate
coverage or inaccuracies in resolving critical
alleles within the pharmacogenomics variants.15
The Illumina global Screening Array was able to
genotype only 28% of the alleles in the CPIC tables.
Sequencing technologies, especially short read
platforms are unable to address the challenges of
calling variants within complex regions including
performing copy number analysis.16
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Thermo Fisher Scientific was the first to offer a broad-based test
capable of detecting over 1,500 mutations and 200 genes, including
pseudogenes such as CYP2D6, that have been studied in clinical
research. The Applied Biosystems microarray and Taqman real-time
PCR platforms from Thermo Fisher Scientific have been used in several
clinical research studies.17, 18, 19 More recently the Axiom array platform
has been adopted in institutions such as St. Jude20, University of
Pittsburgh and Boston Children’s Hospital. Additionally, genome-wide
arrays like the Axiom Precision Medicine Diversity Research (PMD) Array
with comprehensive pharmacogenomic content have been employed
in studies such as the ASPREE (Aspirin in Reducing Events in the Elderly)
study—a major, international clinical trial that is helping determine the
effects of daily low-dose aspirin.21 The Axiom PMD Array addresses
the issue of pharmacogenetic variation across different ethnicities by
including over 800,000 markers for genome-wide coverage in the five
major ancestral populations as defined by the 1000 Genomes Project.
Array-based platforms are also able to identify copy number changes
and genotype markers in critical genes in complex regions of the human
genome. Copy number variations have a direct impact on enzyme
activity and thus affect the efficacy and toxicity of their substrates. The
CYP2D6 gene is implicated in over 25% of currently prescribed drugs,
and as a result establishing the copy number status and specific alleles
duplicated for CYP2D6 is important in pharmacogenomic testing.22, 23
By using gene-specific amplification with microarrays, scientists are
able to make diplotype/haplotype calls for ADME variants including
variants in highly predictive genes known for their importance in drug
metabolism, such as CYP2D6, and CYP2C19. The genome-wide array
includes markers for research in a wide range of human diseases
and conditions, including cardiovascular, metabolic, neurological
conditions and a variety of cancers.

17.

	Bhatt et. al, Age- and Genotype-Dependent
Variability in the Protein Abundance and
Activity of Six Major Uridine DiphosphateGlucuronosyl transferases in Human Liver,
Clinical Pharmacology & Therapeutics ,
Volume 105 , Number 1, January 2019,
doi:10.1002/cpt.1109.

18.

 u M. et. al., Genetic and Nongenetic Factors
X
Associated with Protein Abundance of FlavinContaining Monooxygenase 3 in Human
Liver, J Pharmacol Exp Ther 363:265–274,
November 2017.

19.

 oshitsuki K. et. al, Challenges in clinical
H
implementation of CYP2D6genotyping:
choice of variants to test affects phenotype
determination, Genomics in Medicine,
Published Online 25 July 2019.

Crissamore K. Comparison of genetic testing
approaches for implementation of preemptive
pharmacogenomics, ASHG 2019

20.

Riaz M. et. al. Comparing polygenic risk
scores between the healthy elderly and the UK
Biobank. ASHG 2019

21.

22.

 ukerjee G. et. al.User considerations in
M
assessing pharmacogenomic tests and their
clinical support tools, npj Genomic Medicine
(2018) 3:26 ; doi:10.1038/s41525-018-0065-4,
https://rdcu.be/bPGyl

23.

 aedigk A et. al, Characterization of
G
Reference Materials for Genetic Testing of
CYP2D6 Alleles, J Mol Diagn 2019,-: 1e19;
https://doi.org/10.1016/j.jmoldx.2019.06.007

There are multiple powerful forces driving the wider implementation
of personalized medicine. Pharmacogenomic testing is an increasingly
powerful and evermore widely-understood tool that is helping reduce
uncertainty in drug development, increase R&D efficiency, and generate
treatments that deliver the best possible outcomes for the individuals
that need them.
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