A peer-reviewed publication of the California Pharmacists Association

www.cpha.com

California
Pharmacist

VOL. LIX, NO.3
SUMMER 2012

Pharmacogenomics,

Diagnostics &

Evaluation
The Pharmacist’s Role

Working with the CPhA to
Secure the Future of
Independent Pharmacy.
To help you maintain and grow your business,
Health Mart delivers a complete solution driven by
three principles of successful retailing:
1. Attract New Customers
with national and regional advertising, public
relations campaigns, distinctive consumer-preferred
branding and décor, and local marketing tools.
2. Maximize the Value of Existing Customers
with innovative in-store and clinical programs to
help you generate new revenue streams and provide
better care for your patients.
3. Enhance Business Efﬁciency
with solutions to ensure you receive your
reimbursement dollars and competitive pricing on
generics plus an integrated technology portfolio
to help increase back-end efﬁciency.

Health Mart ranked “Highest in
Customer Satisfaction Among Chain
Drug Store Pharmacies in a Tie” in the J.D.
Power and Associates 2011 National
Pharmacy StudySM

Health Mart pharmacies received the highest numerical score in a tie among chain drug store pharmacies in the proprietary J.D. Power and Associates
2011 National Pharmacy Study.SM Study based on 12,360 total responses, and measures 7 chain drug store pharmacies. Proprietary study results are
based on experiences and perceptions of consumers surveyed June–July 2011. Your experiences may vary. Visit jdpower.com.

© 2011 Health Mart Systems, Inc. All rights reserved

RTL-05598-10-11

Independent Business Solutions

Your passion for Independent
Pharmacy, our passion for you…

A perfect partnership
Independent pharmacy practice and ownership is a tremendously
rewarding experience, both personally and professionally. To be successful,
you need an industry-leading partner you can count on — one who
understands your business, your brand and the challenges you face.
Cardinal Health can be that partner! Our goal is to help you become
more successful and be the brand you want to be.
For more information, contact:
Northern California Distribution Center
Dave Ellis
Pacific North Region, Director of Sales
3238 Dwight Road
Elk Grove, CA 95758
Office: 916.394.3136
Cell: 916.216.4660
Fax: 916.394.3093

Southern California Distribution Center
Andy Grant
Pacific South Region, Director of Sales
27680 Avenue Mentry
Valencia, CA 91355
Office: 661.295.6115
Cell: 916.224.0097
Fax: 661.294.8292

© 2011 Cardinal Health. All rights reserved. CARDINAL HEALTH, the Cardinal Health LOGO, and Essential to care are trademarks or
registered trademarks of Cardinal Health. All other marks are the property of their respective owners. Lit. No. 1RI8109 (11/2011)

cardinalhealth.com

Byron Yoshino
President/CEO
Pharmacare Hawaii
Infusion/Specialty
and LTC Pharmacy
DMEPOS

I’m an EP!
I

f your pharmacy’s business operations are as
complex as Byron Yoshino’s — requiring Infusion,
Specialty, LTC as well as Medicare “deemed”
DMEPOS accreditation, The Compliance Team’s
Exemplary Provider™ (EP) programs can be customized
to ﬁt your speciﬁc needs.
In fact, The Compliance Team is the nation’s only
CMS “deemed” healthcare accreditation organization
for pharmacy DMEPOS to offer customizable, productline and service-speciﬁc, 3-year programs that feature
the industry’s ﬁrst plain-language quality standards in
addition to including expert mentoring, manuals, self-

assessment checklists, corporate compliance/anti-fraud
plans, and electronic patient outcomes benchmarking.
The same holds true for our Exemplary Provider™
accreditation programs for Infusion/Specialty and LongTerm-Care pharmacy operations. Our emphasis on process
simpliﬁcation is the key. It will allow you and your staff to
focus on what really matters most to your patients —
Safety-Honesty-Caring™.
For detailed information about our industry-leading
Exemplary Provider accreditation programs for pharmacy,
please call us at 215.654.9110 or visit us at our web site,
TheComplianceTeam.org.

HEALTHCARE
ACCREDITATION
ORGANIZATION

VOLUME LIX NO. 3 SUMMER 2012

2012
California
Pharmacist Journal

SUMMER

12

California Pharmacist (SSN 07390483) is published quarterly on or
about February 1, May 1, August 1
and November 1 by the California
Pharmacists Association, 4030
Lennane Drive, Sacramento, CA
95834. California Pharmacist is
distributed as a regular membership
service, paid for through allocation of
membership dues. Subscription rate is
$80 per year domestic; single copies
are $20. The international rate is $100
per year; $30 per copy. Periodicals
postage paid at Sacramento, California
and at additional mailing offices.
Postmaster: send address changes to
California Pharmacist, 4030 Lennane
Drive, Sacramento, CA 95834.
Publisher assumes no responsibility
for unsolicited material. Manuscripts,
artwork, and photographs must be
accompanied by stamped, selfaddressed envelopes, if return is
desired. Letters to the editor are
encouraged; publisher reserves the
right to edit and publish, in whole
or in part, all letters received. Byline
articles express the opinions of the
authors and do not necessarily reflect
the view or policies of the California
Pharmacists Association. Nothing in
this publication may be reproduced in
any manner, either in whole or in part,
without specific written permission of
the publisher.

CLINICAL KNOWLEDGE,
RESEARCH & THERAPEUTICS
Clinical knowledge and expertise
pharmacists need to provide the
services and outcomes that their
customers desire.

California Pharmacist, the official
publication of the California
Pharmacists Association, is a
professional journal devoted to
informing pharmacists and enabling
them to better serve the health and
welfare of their patients.

2012
California Pharmacists Association
4030 Lennane Drive
Sacramento, CA 95834
Phone (916) 779-1400
Fax (916) 779-1401
http://www.cpha.com
ISSN# 0739-0483

11 Pharmacogenomics, Diagnostics &
Evaluation – the Pharmacist’s Role
By Grace M. Kuo, PharmD, MPH, PhD
12 Overview Update of Pharmacogenomics
and Disease Genetic Testing
By Margaret Mendes, PharmD

DEPARTMENTS
6
9
41
46

From the Editor
From the President
University Reports
Index to Advertisers

CLINICAL CAPSULE
32 Pharmacy Quality Commitment helps
Pharmacists Meet the Demands of
Continuous Quality Improvement
34 Brilinta® Ticagrelor:
Another Option in Antiplatelet Therapy
By Oladoyin Alimi, PharmD/MBA; Noelle de
Leon, PharmD, BCPS; and Cynthia Jackevicius,
BScPhm, PharmD, MSc, BCPS

EVIDENCE-BASED
MEDICINE REVIEW

17 Pharmacogenomic Testing Technology in
Currently Available Test Kits
By Cindy Gustafson-Brown, PhD

38 SATURN Study
By Genene Salman, PharmD;
Michael E. Stuart, MD;
and Sheri A. Strite

BUSINESS MODELS

LIGHTER SIDE OF PHARMACY

26 Pharmacogenomic
Testing in an HIV Clinic
By Sarah McBane PharmD, CDE, BCPS;
Nathan Painter PharmD, CDE;
and Craig Ballard, PharmD

44 A Summer Half-Helix Sale
By Barry Pascal, PharmD, Humorist,
Satirist, and All-Around Nice Guy

28 Pharmacogenomic Testing at
the VA San Diego Healthcare System
By Margaret Mendes, PharmD and
Nathan A Painter, PharmD, CDE
30 Pharmacogenomics:
CAPSLEAD Project from USC
By Laressa Bethishou, 2014 PharmD
Candidate; Angela Chen 2014, PharmD
Candidate; Chrissie Chew 2013 PharmD
Candidate; Richard Dang 2013 PharmD
Candidate; Courtney Greenberg, 2013 PharmD
Candidate; Rebecca Ashlee Klevens, 2013
PharmD Candidate; Vlada Treynker, 2013
PharmD Candidate; Andrew Warnock, 2013
PharmD Candidate; Melissa Durham, PharmD;
Jeffery Goad, PharmD, MPH; and
Edith Mirzaian, PharmD, BCACP

44

www.cpha.com | SUMMER 2012 | CALIFORNIA PHARMACIST

5

From The Editor
I Have Met an Enemy, and It Is Us
Dear Colleague,
Pharmacists, like other health care providers, have their critics. As a profession we know that involving a pharmacist can help save the health care
system billions of dollars in costs through services such as enhancing medication use, increasing patient adherence ($290 billion opportunity in adherence
alone), and preventing medication waste. Pharmacy’s opponents say things
like there’s no difference in how pills get put into bottles or that patients
usually talk with a high school student when they go into a pharmacy. Other
health care providers opposed allowing pharmacists to give immunizations or
are lobbying that they can provide medication therapy management better
and more cheaply than RPhs. Yes, there is no shortage of opposition.
But pharmacy at times is its own harshest critic. As pharmacists, we are
trained as medication experts, yet we often waste time and energy squabbling
over some kind of imaginary pharmacist caste system that exists in some people’s mind. It’s pharmacy snobbery and it hurts the profession at a time when
we need to not only unify as community pharmacy but we must all come
together as pharmacists.
I’ll give some examples. As pharmacists, we all know the extensive training
that we received. No matter when or what degree you as a pharmacist have,
the medication knowledge is light years beyond what any other health care
professional receives. To be clear, I’m not saying that our training make us
better or worse than some other health care provider specializing in a different
area, but I am saying that when it comes to the management of medication
efﬁcacy and costs, no other health care profession is even in the same zip
code. A few years ago, I taught pharmacology to graduate student nurses.
These were exceptionally smart, capable people who contribute to patient
care in a multitude of ways, but their medication training simply was not anything like that of a pharmacist.
Yet, despite that training as pharmacists we seem to do two things that
undermine the unique and enormous talents we have to offer. First, we undervalue our skills. We are consistently overly modest about what we can offer to
manage medication therapy. We often self-ﬂagellate by saying, “pharmacists
need more training before we can (ﬁll in the blank),” but I can assure you there
is no shyness from other health care professionals with only a fraction of our
training to proclaim that they can do the exact same work managing medications on which we are demurring. Maybe it’s the precision mindset we have to
have as pharmacists. Maybe as a profession we are too much of a perfectionist. Whatever it is, we need to stop being so modest and assert the value of
the skills we have instead of needlessly discounting them.
The second thing we do is criticize our own ranks. Some pharmacists are
quick to criticize their colleagues that they need more training or don’t have the
right background to perform their art of managing medications. Last month, I
attended the graduation ceremony for a school of pharmacy. In observing how
the graduates interacted with each other, there was a collegiality among them.
They didn’t discriminate among themselves by where they were going to practice. They recognized they had all gone through the same training and soon
would be licensed pharmacists. Yes, as their careers moved forward they will
have different experiences and some will become greater experts than others
in certain areas, but at their nucleus they are pharmacists and have a shared
skill set unparalleled by any other member of the health care team.
As efforts are made for community pharmacists to come together in networks to provide pharmacist delivered services, the need is growing for all of
the profession to unite. Accountable Care Organizations, no matter what they
may eventually look like, will require that pharmacists in the community, health
care systems, long-term care, academia, and other settings share information
as well as a mutual respect for the common skills we all possess as pharmacists and for the unique experiences each delivers. Pharmacists have enough
opponents. Let’s make sure we’re not one of them.
Best,
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From The President

It’s a Profession – Not a Job

R
By Douglas Hillblom, PharmD
CPhA President

The second conversation was 180
degrees from the ﬁ rst and represents what I believe is the professional future for pharmacists. A
pharmacist sent me an email talking
about their practice, the need to be
able to utilize training and skills more
fully and the need for pharmacists to
be recognized as health care providers. CPhA is taking this information
along with input from other pharmacists to the CPhA policy committee. The committee’s assignment
is to bring forward a new policy
recommendation to the House of
Delegates at our annual meeting.
This recommendation represents
why CPhA is constantly striving to
meet the needs of the pharmacist to
enhance professional opportunities
for our membership and pharmacists
in general.

ecently, I had two somewhat enlightening
events that brought home to me a change in the
pharmacist workforce. The first conversation
occurred when I was in a local grocery checkout line,
and, while short, it was quite interesting because the
clerk asked what I did and I replied I was a pharmacist.
The clerk proceeded to tell me his girlfriend was
entering pharmacy school in the fall. What was
interesting and somewhat disturbing was the reason
why she chose pharmacy and not some other “job.”
The clerk said his girlfriend was looking around and
found out that pharmacists make “a lot of money”
upon graduation. When I inquired if she was interested
in patient care, the clerk’s response was that she was
not particularly interested in a pharmacy job per se; it
was just about the money.
CPhA is pleased to be working
collaboratively with other professional
organizations representing pharmacists, such as the California Society of
Health-systems Pharmacists. CPhA
is moving forward to enhance our
professional practice opportunities
with legislative bills such as SB1481
that eliminate needless barriers to
additional pharmacist professional
services. There are numerous other
opportunities to work collaboratively,
all of which require that pharmacists
be committed to a change in practice.
Recent articles have reported on
changes in practice, noting emphasis
being placed on direct patient care in
the community pharmacy and these
changes are being increasingly noted
in the press.
There is more to be done and you,
as a pharmacist, can help in many

ways to drive the change. I commend
all of you who are working diligently
to enhance your practice by providing
the kind of patient care services we
all know pharmacists can provide.
This is not limited to any one practice
area or setting. We should see successes as opportunities and beneﬁts
that are universal in nature. You can
also help ﬁnancially by contributing to
CPhA-PAC, which helps to support
our legislative efforts, especially now
when we are seeing more support
for our patient care initiatives and we
have so much to gain in the provision
of patient care, professional recognition and ultimately job satisfaction.
In the end it’s about being a
health care professional not just having a high-paying job. Together, we
can move forward as our motto says,
“One Profession One Voice.”
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Pharmacogenomics Diagnostics & Evaluation

Pharmacogenomics,

Diagnostics
Evaluation

&
– the Pharmacist’s Role
By Grace M. Kuo, PharmD, MPH, PhD
Concept Introduction
After the completion of the
Human Genome Project in 2003,
genomic medicine rapidly expanded
and resulted in the development of
innovative technologies1 such as
high-throughput DNA sequencing,
gene mapping and bioinformatics,
which, in turn, has led to promising
applications of pharmacogenomics
for personalized medicine. Pharmacogenomics has great potential to
impact clinical practice because it
can affect pharmacokinetics and/
or pharmacodynamics, drug dosing, selection, efﬁcacy, toxicity and
interindividual differences in drug
response. 2,3 An increasing number of
drug labels approved by the Food and
Drug Administration (FDA) now contains pharmacogenomic information.4
Growing evidence suggests that clinical applications of pharmacogenomics can lead to a reduction in adverse
drug reactions and/or an improvement in drug response. Pharmacists
play an important role to ensure that
patients receive optimal drug therapy,
with minimum adverse drug reactions
and maximum drug responses; thus,

pharmacists must be familiar with
pharmacogenomic terminology and
concepts.
In this issue of California Pharmacist, two articles provide pharmacogenomics updates (on the use of
pharmacogenomic testing and the
available pharmacogenomics testing
kits), followed by two practice models
(one from an HIV clinic and one from
a healthcare system-based service),
to help pharmacists understand the
clinical signiﬁcance of pharmacogenomics and apply such knowledge
to pharmacy practice. The ﬁrst article,
“Overview Update of Pharmacogenomics and Disease Genetic Testing,” provides an overview about the
evolution of genomic advances and
how pharmacogenomic tests are
used. The second article, “Pharmacogenomic Testing Technology in Currently Available Test Kits,” offers one
pharmacy continuing education credit.
Its content includes basic genetic concepts underlying pharmacogenomic
testing, description of genetic information from various tests, differences
between testing for somatic cell mutations and germ-line mutations, basic

molecular strategies for distinguishing
between polymorphic alleles and a list
of useful sources of pharmacogenomics information and educational materials. The last two articles describe
two different practice models where
pharmacists apply pharmacogenomics
knowledge in practice.
About the Author
Grace M. Kuo, PharmD, MPH,
PhD is an associate professor of
clinical pharmacy and associate dean
for academic clinical affairs at the
University of California, San Diego
(UCSD) Skaggs School of Pharmacy
and Pharmaceutical Sciences. Dr. Kuo
is also an associate adjunct professor of family and preventive medicine
at the UCSD School of Medicine,
director of the San Diego Pharmacist
Resource and Research Network
(SDPharmNet™) and director of the
Pharmacogenomics Education Program (PharmGenEd™).
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Pharmacogenomics Diagnostics & Evaluation

Overview Update of

Pharmacogenomics and
Disease Genetic Testing
By Margaret Mendes, PharmD

Objectives
1. Brieﬂy review the history of genetic
testing
2. Describe current use of pharmacogenomics
3. Discuss future potential uses of
genetic testing

Evolution of the
Field of Genetics
The past decade has marked notable moments in genetics and genomics. In 2003, the Human Genome
Project was ofﬁ cially completed with
mapping of 3.1 billion base pairs. The
12

following 10 years promised great
developments in medicine using the
human genome to ﬁ nd genetic associations in rare diseases and cures
for various ailments. In 2011, scientists celebrated the 10th anniversary
of the ﬁ rst analysis of the draft
human genome.1,2 Unfortunately,
the technology has advanced more
rapidly than the science – genomic
information is more easily obtained
than applied.
Sequencing of the ﬁrst human
genome took 13 years to complete
and cost more than $3 billion.1,2

CALIFORNIA PHARMACIST | SUMMER 2012 | www.cpha.com

The technology used in sequencing
the human genome has changed
over time, making human genome
sequencing more attainable than ever
before. It is predicted that by 2013
full genome sequencing could cost as
little as $100 and take a matter of days
to complete.3
Moore’s Law describes a longterm trend in the computer hardware
industry that involves the doubling
of “computing power” every two
years and a decrease in cost by half.4
Technology improvements that keep
up with Moore’s Law are generally

Figure 1: Comparison of Genome Sequencing Cost to Moore’s Law
Wetterstrand KA. DNA Sequencing Costs: Data from the NHGRI Large-Scale Genome
Sequencing Program Available at: www.genome.gov/sequencingcosts. Accessed
3/28/12.

regarded as performing exceedingly
well. The National Human Genome
Research Institute published a
comparison of Cost per Genome
to Moore’s Law (Figure 1).5 The
sequencing industry has been able to
dramatically reduce costs. In 2008,
genome-sequencing technology
improved to allow for faster sequencing at lower cost.
Though the costs of genome
sequencing continue to decrease,
the interpretation of this information
remains a barrier as more research
and funding will be needed to

Figure 2: Published GWA Reports, 2005-6/2011. Credit: Teri Manolio
Hindorff LA, MacArthur J (European Bioinformatics Institute), Wise A, Junkins HA, Hall PN,
Klemm AK, and Manolio TA. A Catalog of Published Genome-Wide Association Studies.
Available at: www.genome.gov/gwastudies. Accessed 3/27/12.

determine the applicability of the
information.
Currently Genome Wide Association
Studies (GWAS) are the mainstay of
genomic research. In 2011, nearly 1000
GWAS have been published (Figure 2).6

A few genomic principles are
key to understanding the basis
for GWAS. First, variations are
found throughout the genome on
every one of our 46 chromosomes.
These variations are called single
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nucleotide polymorphisms (SNPs);
each SNP is a variation in one of the
four nucleotide base pairs of amino
acids (adenine, cytosine, thymine
or guanine). Each human genome
varies from person to person by 0.1
percent.7
These variations tend to be more
concentrated in certain areas of the
genome. Scientists are able to ﬂ ag
these concentrated areas and study
them for associations between
genetic variations and disease risk
or drug response. GWAS help take
genetic information and pair it with
phenotypic information (physical
expression of the genetic trait).
GWAS have led to the understanding of how individuals respond
to various medications. The 2009
Individualized Dosing Efﬁ cacy
versus Flat Dosing to Assess Optimal Pegylated Interferon Therapy
(IDEAL) trial in Hepatitis C patients
included a sub-analysis GWAS
for patients receiving ribavirin and
pegylated interferon. Patients with
a certain SNP (rs12979860) in the
IL28b gene accounted for a twofold
likelihood in response to pegylated
interferon and ribavirin compared to
those that did not have this SNP. 8,9
GWAS can improve understanding
of disease risk and facilitate selection of the right therapy the ﬁ rst
time. These studies can also contribute to selection of more efﬁ cacious lifestyle modiﬁ cations GWAS
helped propagate the concept of
personalized medicine and focuses
on a paradigm shift from treating all
patients the same to treating each
patient based on his or her genetic
or genomic information.

information about genetic tests in
their package inserts.10 Most of the
information is difﬁ cult to interpret,
and clinical utility is hard to determine. However, more and more clinical guidelines, such as those from
the National Comprehensive Cancer
Network (NCCN), the American
College of Gastroenterology and the
American College of Cardiology, are
beginning to make recommendations
for the use of pharmacogenomic
tests. These recommendations will
likely drive the ordering and interpretation of these tests.
Current pharmacogenomic tests
can cost a few hundred dollars to
run at an approved lab and take one
week or longer for results to become
available. These ﬁnancial and time
barriers often prevent or delay clinical utility of pharmacogenomic tests.
For example, pharmacogenomics
tests applicable to warfarin may
require a week for results to become
available from a lab outside the
health care facility. An INR can be
tested and results made available
immediately using a point-of-care
device in the clinic. Patient safety
precludes waiting on the pharmacogenomics information. This delay in
turnaround time and cost of testing
has created barriers that prevent
genetic testing from being used
for clinical decision-making in most
healthcare facilities.

Specific Medications
that use Genomic Testing
The FDA recently added genetic
information to the package insert
of clopidogrel, noting that because
of genetic variations, 30 percent
of patients may not beneﬁ t from
this drug,11 while only 1 percent of
patients will have a clot from stent
placement which could result in
sudden death. Providers, insurance
companies and hospital administration are grappling with how this
information could be used in a
clinical setting. It is not feasible to
wait for a one week turnaround time
(for results of pharmacogenomics
testing) to load clopidogrel after
stent placement. These patients
are usually at the highest risk soon
after stent placement. The American
College of Cardiology has recommended against testing all patients
starting clopidogrel for any genetic
polymorphisms.12-13
In less time-sensitive situations,
there is utility for genetic testing
and it is already being used in some
practices, particularly in oncology
settings. Oncologists and pharmaceutical companies have been able
to incorporate genetic testing and
biomarker testing into their practice
with good results. Several protein
kinase genes are important in antitumor therapy. In particular, variations
in epidermal growth factor receptor

Applications to Disease
Screening and Treatment
Most prescribing today is “one
size ﬁts all.” However, if 100 patients
were given the standard dose of
most medications, on average only 70
or 80 of these people would respond
to drug therapy. The other 30 percent
will not and some may even suffer a
toxic reaction. (Figure 3).
Currently more than 100 FDAapproved medications contain

Figure 3: Varying Population Response to a Medication
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(EGFR) have been used to determine
whether a medication should be
used. Companies can now work with
laboratories in co-developing medications and biomarker testing to be
used to market these to the public.
An example of this is in Zelboraf
(vemurafenib), a medication used to
treat metastatic melanoma in patients
with BRAF (V600E) mutation. This
drug was co-developed by Genentech
and Roche. Roche developed the
FDA-approved test used in the studies that received the FDA approval,
and the test has been included in
vemurafenib package labeling.10
Oncologists also evaluate human
epidermal growth factor receptor 2
(HER2) to determine if trastuzumab
would be efﬁcacious. Some providers
may test UGT1A1 to predict neutropenia or diarrhea when prescribing
irenotecan. This test is somewhat
controversial as some believe the
results of the test lead to underdosing of patients, putting them at risk of
tumor growth.14
Several other specialties utilize
pharmacogenomics testing in their
practice. Infectious disease providers use HLA-B*5701 testing prior
to giving abacavir to prevent hypersensitivity reactions and order C-C
chemokine receptor type 5 (CCR5)
testing prior to prescribing maraviroc to predict efﬁ cacy. Psychiatry
providers are delving into pharmacogenomics and genetic testing.
CYP testing may be done prior to
prescribing SSRIs or HLA-B*1502
testing may be done prior to prescribing carbamazepine. Methylenetetrahydrofolate reductase (MTHFR)
testing can be used to evaluate any
folic acid absorption deﬁ ciencies
that have been linked to difﬁ cultto-manage depression. Gastroenterology providers use thiopurine
methyltransferase (TPMT) testing
prior to use of azathioprine or 6- mercaptopurine in Crohn’s disease or
ulcerative colitis to minimize myelosuppression. The American College
of Gastroenterology recommends
testing TPMT phenotypic red blood
cell activity because the phenotype
assay quantiﬁ es the level of TPMT
16

KEY DEFINITIONS
Genetics: the study of genes
Genomics: the study of the genome
Genome: all of an organism’s genes
Pharmacogenetics: the study of variability in
medication response based on differences in a
single gene
Pharmacogenomics: the study of variability in
medication response based on differences in a
multiple genes
enzyme activity in patients who are
being treated with thiopurines.15
Healthcare providers are beginning to understand how to use the
tests, including the analytical validity,
clinical validity, clinical utility and
ethical implications behind these
tests as modeled by the Centers for
Disease Control (CDC) supported
Evaluation of Genomic Applications
in Practice and Preventions (EGAPP)
initiative. Many patients are already
seeking tests themselves and trying
to understand how their genetics
may affect their health now or in the
future.16 Many companies, including
23 and me™, offer genomic testing
and disease risk assessment via the
Internet.17 No prescription or healthcare advice is required. Patients
can spend as little as $99 to receive
information about their genetic
propensity of disease. Many of these
companies are clinical laboratory
improvement amendments (CLIA)
certiﬁ ed; however, literature interpretation and disease risk prediction
differs between companies. Patients
seeking information from these labs
may receive different disease risk
results. A lay person could become
confused, and the responsibility may
fall on healthcare professionals to
help patients understand the meaning and interpretation of the results.

Future Outlook
The microbiome is the genetic
imprint of bacteria in each person
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and is another genome currently
being studied. Understanding of
the microbiome could be useful
in understanding obesity, medication metabolism, or risk of disease.
According to a recent report: The
$100 Genome: Implications for the
DoD, understanding the microbiome
could trace current or past patient
location. 3 This could potentially be
used in forensic evidence similar to
DNA analysis to help in identifying
individuals.
Use of modern technology may
eventually make genetic sequencing
more available. Some companies are
developing USB chips that can use
saliva samples from a patient in clinic
to predict drug metabolism in as little as 30 minutes. This type of technology could change the paradigm of
healthcare delivery. Consumers are
likely to be the driving force of this
change. Healthcare providers need
to educate themselves on potential
changes that will affect patient care
delivery and outcomes.
About the Author
Margaret Mendes, PharmD is
director, medication safety and pharmacogenomics biologics and pharmacogenomics clinical specialist at the
VA San Diego Healthcare System.

Pharmacogenomics Diagnostics & Evaluation

Pharmacogenomic Testing Technology

in Currently Available Test Kits
By Cindy Gustafson-Brown, PhD
Learning Objectives
1.
2.
3.
4.
5.

Describe the settings in which pharmacogenomic testing occurs and how to access testing services
Review basic genetic concepts underlying pharmacogenomic testing
Summarize the amount of genetic information provided by various tests
Distinguish between testing for somatic cell mutations and germ-line mutations
Describe basic molecular strategies for distinguishing between polymorphic alleles

Introduction
Pharmacogenomics offers great
promise as a tool to predict drug
response. The accumulated data from
many years of genetic research are
now making this promise a reality,
albeit with challenges still ahead. As
pharmacogenomic testing moves
from the research setting into clinical
practice, health care professionals are
faced with a daunting array of new
tests and a mountain of scientiﬁc
literature assessing the relevance of
genetic variations to disease conditions
and pharmacotherapy. As the application of pharmacogenomics becomes
the standard of care, providers must
familiarize themselves with genetic
terminology and concepts. Developing competencies in this new ﬁeld
will enable clinicians to better serve
their patients, tailoring drug selection
and dosage to maximize therapeutic
beneﬁt while minimizing toxicity and
adverse drug reactions. Furthermore,
as direct-to-consumer (DTC) genetic
tests become more popular, health
care professionals will increasingly be
expected by their patients to provide
interpretation and advice.

Availability of
Pharmacogenomic Testing
Ideally, point-of-care pharmacogenomic testing would increase the
likelihood that providers can implement tests into daily clinical practice by providing quick turn-around

times and convenience.1 However,
pharmacogenomic tests are not yet
widely available in clinical settings.
This is partly because the diagnostic
methodologies are complex, often
requiring sophisticated equipment
and expertise. The development of
easy-to-use, self-contained, integrated
devices may facilitate point-of-care
testing in the future. 2 In the meantime,
clinicians and consumers may ﬁnd
genetics/genomics/pharmacogenomics resources using informational
websites such as:
• Pharmacogenomics Knowledge
Base (PharmGKB)
http://www.pharmgkb.org/search/
geneticTestList.action
• NCBI Genetic Testing Registry
http://www.ncbi.nlm.nih.gov/gtr/
• NCBI GeneTests
http://www.ncbi.nlm.nih.gov/sites/
GeneTests
• PharmaADME
http://pharmaadme.org/joomla/
• Pharmacogenomics Reporter
http://www.genomeweb.com/
newsletter/pharmacogenomicsreporter
• National Human Genome Research
Institute
http://www.genome.gov/
• Genetics/Genomics Competency
Center for Education
http://www.g-2-c-2.org/
• Pharmacogenomics Education
Program™
http://pharmacogenomics.ucsd.edu/

Internet searches and published
literature3-5 are also useful sources of
information.
Clinical laboratories are certiﬁed under the Clinical Laboratory
Improvement Amendments (CLIA)
of 1988. CLIA-certiﬁed laboratories
may provide pharmacogenomic
testing using laboratory-developed
tests (LDTs). LDTs are not regulated
by the FDA, and the facilities are
not required to demonstrate clinical
validity before offering new tests.
This has raised concerns about accuracy of LDTs and lack of regulatory
oversight.6, 7 Alternatively, laboratories may use manufactured test
kits, which are regulated by the FDA
as medical devices. FDA-approved
testing kits and platforms may be
purchased by clinical labs (Table
2). Some of these require an initial
investment in expensive instrumentation. The most useful tests are those
that are simple, sensitive, affordable,
robust, speciﬁc, accommodating
high-throughput, and demonstrating a
short turn-around time. 8
Direct-to-consumer genetic
tests are a relatively new health
care development. Several DTC
genetic tests are available (Table 3).
Most provide a kit with instructions
for collecting a cheek swab or
saliva, but some require a blood
sample. 9 The specimen is then
mailed to the testing company.
Companies may offer tests for one
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Table 1 : Examples of Pharmacogenomic Clinical Testing Services
Germline Mutations
Gene

Company

Test a

Drugs

Costb

Specimen

Turnaround
Time

CYP1A2

PGXL

Cytochrome P450 1A2
(CYP1A2) Genotyping

Amitriptyline, Diazepam, Theophylline

N/A

Whole Blood or Buccal
Swabs

5 days

CYP2C19

LabCorp

Clopidogrel CYP2C19
Genotyping

$450

Whole Blood or Buccal
Swabs

5 days

PGXL
CYP2C9 and
VKORC1

LabCorp

PGXL

Cytochrome P450 2C19
(CYP2C19) Genotyping
Warfarin (P450 2C9 and
VKORC1)
Warfarin Genotyping:
Cytochrome P450 2C9
and VKORC1 (-1639 G>A)
Combination
Tamoxifen P450 2D6
Genotyping

Amitriptyline, Chlordiazepoxide,
Clopidogrel, Diazepam, Nortriptyline,
Omeprazole, Phenytoin
Citalopram, Clopidogrel, Diazepam, and
many of the proton pump inhibitors

N/A

Warfarin

$588

Warfarin

N/A

Fluvoxamine, Tamoxifen

$660

Whole Blood or Buccal
Swabs
Whole Blood or Buccal
Swabs
Whole Blood or Buccal
Swabs

5 days

5 days

CYP2C9, CYP2C19,
and CYP2D6

LabCorp

CYP2D6

LabCorp

Opioid CYP2D6 Genotyping

Codine and tramadol

$589

PGXL

Cytochrome P450 2D6
(CYP2D6) Genotyping

Tamoxifen, many Antidepressants,
Antipsychotics, Beta-blockers, and
Opioids

N/A

LabCorp

DPD 5-Fluorouracil Toxicity

Capecitabine, Fluorouracil

$441

Myriad

TheraGuide 5-FU
Glucose 6-Phosphate
Dehydrogenase (G6PD),
Quantitative, Blood and Red
Blood Cell Count (RBC)
HLA-B*1502,
Carbamazepine Sensitivity
HLAB*5701, Abacavir
Hypersensitivity HLA
Association Test
Methylenetetrahydrofolate
Reductase (MTHFR)
Genotyping
N-Acetyltransferase 2 (NAT
2) Genotyping
Thiopurine
Methyltransferase
(TPMT), Enzyme Activity,
Erythrocytes
PROMETHEUS® TPMT
Genetics

Capecitabine, Fluorouracil

$1,100

Whole Blood or Buccal
Swabs
Whole Blood

Chloroquine, Primaquine

$111

Whole Blood

1 day

Carbamazepine

$562

Whole Blood or Buccal
Swabs

4 days

Abacavir

$173

Whole Blood or Buccal
Swabs

3 days

Fluorouracil, Methotrexate

N/A

Whole Blood or Buccal
Swabs

5 days

Aromatic amine drugs and Carcinogens

N/A

Whole Blood or Buccal
Swabs

5 days

Azathioprine, Cisplatin

$415

Whole Blood

9 days

Azathioprine 6-Mercaptopurine

$395

Whole Blood

7 days

Irinotecan

N/A

Whole Blood

1 day

Irinotecan

$441

Whole Blood or Buccal
Swabs

5 days

DPD

G6PD

LabCorp

HLA-B

LabCorp
LabCorp

MTHFR

PGXL

NAT 2

PGXL

TPMT

LabCorp

Prometheus

Thioguanine
UGT1A1

Quest
Diagnostics
N/A
Quest
Diagnostics

TPMT GenotypR

Azathioprine, Mercaptopurine

Whole Blood
UGT1A1 (Camptosar/
Irinotecan) GenotypR

1 day

LabCorp

UGT1A1 Irinotecan Toxicity

or a few pharmacogenomic markers;
alternatively they may provide
genome-wide screening which
includes pharmacogenes (genes
which inﬂuence pharmacotherapy10, 11)
along with numerous other
genes. DTC tests introduce a new
18

dynamic into the patient-clinician
relationship.12-14 Consumers may
independently choose to be tested
without fully understanding the
implications. They may bring test
results to their health care provider
for interpretation or choose to alter
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Whole Blood or Buccal
Swabs
Whole Blood or Buccal
Swabs

5 days

Whole Blood or Buccal
Swabs

5 days
5 days
5 days
5 days
7 days

their medication dose without
professional consultation. Some
companies now require that the
patient contact a physician before
ordering the test.15 The validity of
marketing claims by DTC testing
companies are difﬁcult to assess,

Somatic Cell Mutations
Gene

Company

Test a

Drugs

Costb

Specimen

Turnaround
Time

BCR-ABL

LabCorp

BCR-ABL1 Transcript Detection for
Chronic Myelogenous Leukemia
and Acute Lymphocytic Leukemia,
Quantitative

Dasatinib, Imatinib

$677

Whole Blood or
Bone Marrow

7 days

Molecular MD

ABL Kinase Domain Sequencing

Dasatinib, Imatinib, Nilotinib

$722

Molecular MD

BCR-ABL (mRNA) Quantitation

Dasatinib, Imatinib, Nilotinib

$659

BRAF

LabCorp

Cetuximab, Vemurafenib

$534

c-Kit

LabCorp

Imatinib

$1,008

EGFR and ALK

LabCorp

Crizotinib

$1,971

Tissue

14 days

HER-2/neu

Biocept

BRAF Gene Mutation Detection
c-KIT Mutation Analysis in Tumors
of Hematopoietic Tissue
Non-small Cell Lung Cancer (NSCLC)
Therapeutic Panel: EGFR Mutation
Analysis and ALK FISH Analysis
OncoCEE-BR™ CTC test
HER-2 Immunohistochemistry (IHC)
With Reflex to Fluorescence in situ
Hybridization (FISH) if 2+ by IHC

Trastuzumab

$2,368
$330
(+$836
reflex)

Peripheral Blood

5-7 days

Tissue

4 days

OncotypeDX Breast Cancer Assay

Tamoxifen

$4,175

Tissue

7 to 10 days

K-ras Pyrosequencing
K-ras Mutation Detection
(PML-RARa) Transcript Detection
for Acute Promyelocytic Leukemia,
Qualitative
PML/RARa quantitative real-time
PCR

Cetuximab, Panitumumab
Cetuximab, Panitumumab

$663
N/A

Tissue
Tissue

7 days
5 days

Arsenic Trioxide

$515

Whole Blood or
bone marrow

5 days

Tretinoin

N/A

Whole Blood

1 day

LabCorp
HER-2, GRB7, ER, PR, Bci2,
SCUBE2, KI-67, STK15,
Survivin, Cyclin B1, MYBL2,
Stromelysin 3, Cathepsin
L2, CD68, GSTM1, BAG1
K-ras

PML/RARa

Genomic
Health
LabCorp
PGXL
LabCorp
Quest
Diagnostics

Trastuzumab

Peripheral Blood
or Bone Marrow
Peripheral Blood
or Bone Marrow
Tissue
Whole Blood or
Bone Marrow

4-8 days
4-8 days
7 days
10 days

N/A: PGXL Laboratory AND Quest Diagnostics pricing not avaliable without contract. Ranges for PGXL: $100-125 for “small genes”; $300-$400 “larger; and >$1000 for panals
a Company names and tests are included for information purposes as examples only and do not indicate endorsement of any speciﬁc vendor or test.
b We (the PharmGenEd™ team at UCSD) called some commercial labs in 2012 for this information.

NOTE: Examples of Pharmacogenomic Clinical Testing Services Providers were identiﬁed from the web sites listed above and a Google search for
“pharmacogenomic tests” and related terms. A PubMed literature search was also conducted using the MeSH heading “pharmacogenomics” and
subheadings “methods” or “instrumentation.”

and there have been calls for more
government oversight.6 In 2006,
questionable claims made by
companies offering DTC testing
were the subject of a Federal Trade
Commission consumer alert.16

Genetic concepts
Pharmacogenomic tests detect
genetic mutations (genotype
tests) or the resulting alterations in
encoded proteins (phenotype tests).
Mutations which are found in more
than 1% of the human population
are known as polymorphisms. The
normal, or reference, sequence for
the gene is called the wild-type
(Figure 1). There are many categories
of polymorphisms in genes which
inﬂuence drug response. The most
common are as small as a single

nucleotide (or “base”) substitution,
also known as a single nucleotide
polymorphism (SNP) or point
mutation, in the DNA sequence
(Figure 2). Nevertheless, they may
have a profound impact, positive
or negative, on the level of gene
expression (and, therefore, protein
abundance) or the activity of the
encoded protein. SNPs account for
more than 90% of the sequence
variation in our genome.17 In other
cases, there may be deletions
or insertions of nucleotides,
ranging from one to thousands.
Large scale mutations include
the deletion of an entire gene, so
that no protein is produced, and,
conversely, gene duplications,
resulting in overexpression of
the encoded protein. Finally, an

extreme example of a mutation
relevant to pharmacogenomics is the
chromosomal reciprocal translocation,
in which portions of two
chromosomes break off and switch
places. This type of mutation results
in the Philadelphia chromosome,
synthesis of the BCR-ABL fusion
protein, and the development of
chronic myelogenous leukemia.
When testing a patient for polymorphisms, one must keep in mind
that there are two copies of every
autosomal gene, so a patient may
be homozygous for a particular allele
(gene variation), or heterozygous,
harboring two different versions
of the gene. Furthermore, one
allele may contain one or several
polymorphisms throughout the gene
sequence. When more than one
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Table 2 : Examples of Pharmacogenomic Testing Kits and Platforms
Germline Mutations
Gene

Company

Test a

Specialized Equipment

225 genes including CYP1A2, CYP2C9, CYP2C19,
CYP2D6, NAT 2, TPMT, UGT1A1, VKORC1

Affymetrix

The DMET Plus Premier Pack

GeneChip System 3000Dx

CYP2C9 and VKORC1

AutoGenomics

INFINITI Warfarin

INFINITI Analyzer

GenMark Dx

eSensor Warfarin Sensitivity Test

eSensor XT8 system

Nanosphere

Verigene Warfarin Metabolism Nucleic Acid Test

Verigene® Processor

TrimGen

eQ-PCR Warfarin Genotyping Kit

Roche LightCycler

CYP2C19 and CYP2D6

Roche

Roche AmpliChip CYP450 Test

GeneChip System 3000Dx

CYP2C19

AutoGenomics

INFINITI® CYP2C19 Assay

INFINITI® Analyzer

Nanosphere

Verigene®CYP2C19 Test

Verigene® Reader and Processor SP

Invader

Invader UGT1A1 Molecular Assay

Thermocycler, Florescent plate reader

Gene

Company

Test

Equipment

c-Kit

Dako

c-Kit pharmDx™

Dako Autostainer

EGFR/HER1

Dako

EGFR pharmDx™

Light Microscope

Qiagen

Therascreen EGFR PCR Kit

Roche LightCycler, Applied BioSystems
7500 Real-Time PCR System

Dako

Herceptest™ Kit

Dako Autostainer or Automated Link
Platforms

Dako

HER-2 FISH pharmDx™ Kit

Dako Hybridizer, Fluorescence
microscope

Abbott

PathVysion HER-2 DNA Probe Kit

Florescent Microscope

TrimGen

K-ras Mutation Detection Kit - Mutector II

DNA Sequencer

UGT1A1

Somatic Cell Mutations

HER-2/neu

K-ras
a

Company names and tests are included for information purposes as examples only and do not indicate endorsement of any speciﬁc vendor or test.

mutation is found in an allele, the
sequence alterations which comprise
that allele are known collectively as a
haplotype.

The range of
polymorphisms included
in various tests
Some pharmacogenomic tests only
detect the presence or absence of one
particular polymorphism in a single
gene of interest. For example, a number
of clinical laboratories offer a test for
the HLA-B*5701 allele (HLA-B*57:01
according to the new HLA naming
system18,19); its presence is associated
with abacavir hypersensitivity.20 In other
cases, a single test screens for multiple
polymorphisms (SNPs, insertions, deletions, gene duplications) in a relevant
gene. This is imperative when testing
members of the cytochrome P450
(CYP450) enzyme superfamily, which
are highly polymorphic. For example,
there are at least 80 known alleles of
the CYP2D6 isoform, which metabolizes
a number of drugs.21,22 Commercially
available tests tend to focus on the
20

most common polymorphisms. The
pitfall of this approach is the possibility
that a patient may harbor a rare or previously undiscovered mutation that will
be missed by the test and yet impact
the drug response. Tests in the future
may rely on sequencing the entire gene,
rather than checking for a handful of
previously characterized mutations.3, 23, 24
This is already available for the highly
polymorphic HLA-B gene, although it is
more time-consuming and expensive
than other methods.20 The development
of ‘next-generation’ sequencing technology, which quickly processes millions
of sequence reads in parallel, will likely
make this a more feasible option in the
future.2, 25-28
The most comprehensive genotype
tests screen for many possible
polymorphisms in multiple genes using
a single DNA sample. Currently available
panels cover 2 to 225 genes. This opens
the door to prospective screening of
patients. Results of the tests may be
stored in the patient’s medical record for
future use. Having the results readily at
hand would be an advantage, making
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pharmacogenomic considerations more
convenient for clinicians. The issues
of cost and time delay would become
irrelevant.29, 30 An additional beneﬁt is
that comprehensive panels expand
the information available for evaluating
more complex pharmacogenomic
interactions. The pharmacokinetics
and pharmacodynamics of a drug may
be inﬂuenced by multiple metabolic
pathways. 8 As our understanding of
these relationships expands, it may
be necessary to consider the impact
of mutations in more than one gene
at a time. For example, at least two
genes, CYP2C9 and vitamin K epoxide
reductase (VKORC1) inﬂuence the
efﬁcacy and toxicity of warfarin.31 There
are several tests on the market which
evaluate both of these genes.31-34

Testing for somatic
cell mutations
Pharmacogenomic testing was ﬁrst
implemented to predict the potential
effectiveness of an anti-cancer therapy,
trastuzumab (Herceptin). Some breast
tumor cells contain multiple copies of

the gene for human epidermal growth
factor receptor type 2 (HER-2), due to
gene duplication. A somatic cell mutation occurs spontaneously in somatic
cells which give rise to the tumor; it is
not inherited at birth and is not found in
the germ line. The excess copies of the
gene cause the cells to overexpress the
HER-2 protein, a receptor for hormones
which stimulate tumor growth. As a
result, such tumors are likely to respond
to trastuzumab, a monoclonal antibody
which binds to the HER-2 protein, blocking its activity.35
Phenotype testing can detect
excess HER-2 protein in breast tumor
tissue by using immunohistochemistry. This technique employs labeled
antibodies to detect speciﬁc proteins
in sections of tumor tissue afﬁxed to
glass slides. Once the antibodies have
bound their target protein in the tissue,
the slides are viewed under a light
microscope. The label produces a dark
color, which indicates the location and
amount of HER-2 protein in the tissue.
Alternatively, tumor cell DNA may
be tested to directly detect mutations
in the gene encoding HER-2. This test
uses a technique known as ﬂuorescent in situ hybridization (FISH) to
visualize the extra gene copies. Short,
ﬂuorescently labeled, single-strand
segments of DNA (oligonucleotide
probes) are added to tissue sections
on a glass slide. When the probes
bind to the HER-2 DNA sequence,
they are detected with a ﬂuorescence
microscope. Recently, a new FISHbased test came on the market which
purports to identify the HER-2 status
of breast tumor cells circulating in
the blood, eliminating the need for a
biopsy.36
There are other examples of pharmacogenomic somatic cell (tumor)
tests which detect mutations in cancercausing genes and their aberrant
proteins. These include tests for the
BCR-ABL fusion (imatinib, dasatinib)
and epidermal growth factor receptor (cetuximab). Tests which detect
somatic cell mutations are performed
speciﬁcally on tumor tissue specimens.
In cases of hematological cancers, the
test may be performed on circulating
cells in the blood.

Figure 1: DNA Base Pairing

Testing for germ-line
mutations
Germ-line mutations may impact
genes which encode:
• drug targets (e.g., VKORC1)
• drug metabolizing enzymes
(e.g., CYPP450 genes,
thiopurine S-methyltransferase
(TPMT), uridine diphosphate
glucoronosyltransferase 1A1
(UGT1A1))
• drug transporters (e.g., ATP-binding
cassette (ABC) proteins)
• mediators of hypersensitivity
reactions (e.g., HLA-B alleles)
More and more tests are becoming
available which interrogate germ-line
mutations, inherited polymorphisms
which are present in nearly every
cell of the body. A variety of patient
specimens may be tested but buccal
swabs and whole blood samples are
most common. Phenotype tests exist
for some, but the description here is
limited to genotype tests.

Figure 2: Single Nucleotide
Polymorphism

A note on interpretation: The
results of most genotype tests specify
the identities of each of two alleles.
An exception is HLA tests to predict
hypersensitivity to speciﬁc drugs. One
allele of the offending polymorphism
(e.g. HLA-B*5701 for abacavir) is
sufﬁcient to confer risk. Therefore, the
genotyping results are designated as
either “positive” (at least one HLAB*5701 allele) or “negative,” with no
intermediate phenotype.20

Methodologies for
genotype mutation analysis
Most pharmacogenomic tests are
designed to detect SNPs. In the last
several years there have been rapid
innovation and diversiﬁcation in the
technologies used for SNP analysis.
The most successful approaches
incorporate automated processing and
data analysis, with minimal hands-on
operation. Genotype analysis is usually
conducted on DNA, although tests
on RNA transcripts may be done to
quantify gene expression levels. The
ﬁrst step of any genotype test is the
extraction and puriﬁcation of the DNA
(or RNA) from the patient specimen, a
simple and rapid procedure.
The diploid human genome is
enormous, with six billion nucleotides
of DNA sequence comprising the two
sets of chromosomes. SNP analysis
must be able to detect a mutation as
small as a single nucleotide substitution in each of the two gene copies
present per cell. Reliably detecting
such a small change in the context
of a large genome is like looking for
a needle in a haystack. To address
this problem, many common testing
methods begin with DNA ampliﬁcation,
making numerous copies of the DNA
region of interest to facilitate subsequent genotype analysis. Ampliﬁcation
is accomplished by using the polymerase chain reaction (PCR), a process
designed to reproduce a speciﬁc region
of the DNA by a billion-fold or more in
about an hour. The resulting product is
enriched for the gene of interest, making it much easier to detect the relevant
mutation(s) contained within the copied
DNA segment. This step also increases
the speciﬁcity of the genetic test.
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Table 3 : Examples of Direct to Consumer Tests
Direct to Consumer, Without Physician
Company

Test a

Gene

Antidepressant Response

ABCB1

Drugs

Costb

Specimen

Turnaround
Time

$207

Saliva

6-8 weeks

$549

Saliva

up to 40 days

23andMec

Fluorouracil Toxicity

COQ2 and
SLCO1B1
CYP2C19
CYP2C9 and
VKORC1
DPD

G6PD Deficiency

G6PD

Abacavir Hypersensitivity
Genetic testing for the effect of
antidepressants
Genetic testing for warfarin
efficacy
Genetic testing for efficacy of
Aspirin
Genetic testing for statins and
prevention of a heart attack

HLA-B

Statin-related myopathy
Clopidogrel (Plavix ) Efficacy
®

Warfarin (Coumadin ) Sensitivity
®

GenePlanet

d

ABCB1
CYP2C9 and
VKORC1
ITGB3
KIF6

Amitriptyline, Paroxetine, Venlafaxine,
Citalopram
Statins
Clopidogrel
Warfarin
5-fluorouracil, Capecitabine
some malaria drugs, antibiotics and many
common painkillers
Abacavir
Citalopram, Amitryptiline, Paroxetine,
Venlafaxine
Warfarin
Acetylsalicylic acid (Aspirin)
Pravastatin

Direct to Consumer, Through Physician
Genelexe

Cytochrome P450 1A2
Genotyping
Cytochrome P450
2C19 Genotyping
Cytochrome P450
2C9 (with VKORC1 for
Warfarin) Genotyping
Cytochrome P450
2C9 with VKORC1 for
Warfarin, Cytochrome
P450 2D6, and
Cytochrome P450 2C19
Genotyping (bundled)

Navigenicsf

Amitriptyline, Chlordiazepoxide, Cyclobenzaprine,
Diazepam, Duloxetine, Estrogens, Haloperidol,
Olanzapine, Propranolol, Tamoxifen, Theophylline

$260

Whole Blood

10 -14 days

CYP2C19

Diazepam, Dilantin, Carisoprodol, Prevacid

$235

Whole Blood or Buccal Swabs

6 days

CYP2C9
and
VKORC1

Amaryl, Amitriptyline, Coumadin, Dilantin, Hyzaar,
Ibuprofen, Isoniazid, Naproxen, Sulfa, THC, Viagra

$260

Whole Blood or Buccal Swabs

10 days

$695

Whole Blood or Buccal Swabs

10 days

$295

Whole Blood or Buccal Swabs

6 days

Azulfidine, Isoniazid, Procainamide

$260

Whole Blood

10 -14 days

Simvastatin

N/A

Saliva

2-3 weeks

N/A

Saliva

3 weeks

CYP2C9
and
VKORC1,
CYP2D6,
CYP2C19

Cytochrome P450 2D6
Genotyping

CYP2D6

N-Acetyltransferase 2
(NAT2) Genotyping

NAT 2

Simvastatin
Clopidogrel
Warfarin

Pathway
Genomicsg

CYP1A2

Fluorouracil
Beta Blockers
Abacavir,
Carbamazepine, and
Floxacillin
Statins
Thiopurines
Irinotecan
Clopidogrel
Metabolism

COQ2 and
SLCO1B1
CYP2C19
CYP2C9
and
VKORC1
DPD
GRK5

Allegra, Amaryl, Amitriptyline, Claritin, Coumadin,
Cyclobenzaprine, Diazepam, Dilantin, Dytuss, Effexor,
Haldol, Hydrocodone, Hyzaar, Ibuprofen, Isoniazid,
Metoprolol, Naproxen, Paxil, Prevacid, Prozac, Sulfa,
THC, Viagra, Zoloft, Rythmol, Tagamet, Tamoxifen,
Tusstatcarisoprodol, diphenylhydramine drugs
Allegra, Amitriptyline, Claritin, Cyclobenzaprine,
Dytuss, Effexor, Haldol, Hydrocodone, Metoprolol,
Paxil, Prozac, Rythmol, Tagamet, Tamoxifen, Tusstat,
Zoloft, Diphenylhydramine drugs

Clopidogrel
Warfarin
Fluorouracil
Beta blockers

HLA-B

Abacavir, Carbamazepine, Floxacillin

KIF6
TPMT
UGT1A1

Statins
Azathioprine and 6-mercaptopurine
Irinotecan

CYP2C19

Clopidogrel

N/A: pricing is only disclosed with registered physicians

a Company names and tests are included for information purposes as examples only and do not indicate endorsement of any speciﬁc vendor or test.
b We (the PharmGenEd™ team at UC San Diego) called some commercially available laboratories in 2012 to get the information.
c http://www.23andme.com
d http://www.geneplanet.com
e http://www.healthanddna.com/
f http://www.navigenics.com/
g https://www.pathway.com/
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Figure 3: DNA Amplification with Polymerase Chain Reaction (PCR)

http://polymerasechainreaction.onsugar.com/
http://users.ugent.be/~avierstr/principles/pcr.html
Figure 4: Allelic Specific Hybridization

PCR reactions use the enzyme DNA
polymerase and nucleotide building
blocks to synthesize copies of a gene
contained in the patient’s DNA. If one is
testing RNA, the enzyme reverse transcriptase may be used to ﬁrst convert
it into complementary DNA strands.
The region to be duplicated is deﬁned
by the sequences of target-speciﬁc
oligonucleotide primers. These short
segments of single-stranded DNA bind

the template DNA by complementary
base paring to the regions ﬂanking the
sequence of interest. They “prime” the
synthesis of new DNA strands. Initially,
the long strands of the DNA template
must be opened up (denatured), using
high temperature, so that the primers
can bind. Then synthesis of new strands
commences at a lower temperature.
This cycle of high and low temperatures
(thermocycles) is repeated about 30

times (Figure 3). The process requires
a PCR machine, which is essentially
a computer-controlled heating block
that heats and cools every few minutes according to a pre-programmed
protocol. The machine can set in motion
multiple reactions concurrently, by
accommodating dozens of samples.
Because newly synthesized strands
may also be used as templates in
subsequent cycles, the number of DNA
copies increase exponentially, doubling
every cycle. Some PCR assays simultaneously amplify several genes from
a patient specimen in a single reaction.
These are known as multiplex assays.
Once the amount of the relevant
DNA has been substantially increased
by PCR, mutational analysis proceeds in
two steps.37,38 The ﬁrst step is a molecular process which can discriminate
between allelic variants. The second is
a detection step, allowing the technician
to discern which alleles are present.
Nearly all approaches to allelic discrimination are based upon the underlying principle of allele-speciﬁc base
pairing.38 Two strands of DNA are more
likely to hybridize, or anneal, to one
another if the bases along their lengths
are complementary. A single mismatch
between base pairs will destabilize the
binding. In all these methods, short
oligonucleotides are designed which
anneal to the patient’s denatured DNA
at or near the site of the polymorphism.
The second step, detection, is usually
accomplished by the incorporation of
ﬂuorescent labels into the reaction.
Simpliﬁed descriptions of two different
testing techniques are provided below.
These examples illustrate different
approaches to allelic discrimination, but
both employ ﬂuorescent labels as the
means of detection. There are several
excellent reviews elsewhere on pharmacogenomic testing methods.2, 37-41
The ﬁrst method is allele-speciﬁc
hybridization (Figure 4). This type of test
differentiates between two alleles in
the target (patient’s) DNA by employing
two oligonucleotides probes, one
harboring the wild-type sequence and
one bearing the mutant sequence.
The two oligonucleotides are labeled
with ﬂuorescent markers which emit
different colors of light. Subsequent
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examination of the target DNA will
reveal a ﬂuorescent signal if the match
was perfect. The two reactions (one
for each probe) may be performed in
parallel in small tubes.
Variations of this technology have
been scaled up to assess multiple
alleles in multiple genes on devices
known as microarrays, or gene chips.
These are glass or silicon chips, with
DNA probes of known sequence
attached in a predetermined pattern.
Thousands of different probes, acting as
“bait,” may be afﬁxed to a single microarray. In this modiﬁcation of allele-speciﬁc hybridization, the target (patient’s)
DNA is fragmented into small segments
and ﬂuorescently labeled. The binding of
target DNA to the “bait” is assessed by
a scanning instrument and the data are
interpreted by a computerized program.
The development of microarrays is
expensive, but as the technology is
streamlined and reﬁned, comprehensive
tests based upon gene chips will likely
become more common in the future.42
A second method which discriminates between two sequences is

allele-speciﬁc primer extension. This
technique employs the previously
ampliﬁed DNA as the template in
additional PCR reactions. One primer
is designed so that the last nucleotide
position is at the polymorphic site.
If that last base matches perfectly,
the primer will be extended by DNA
polymerase and a segment of DNA
will be synthesized. However, if there
is a mismatch at that last base, then
DNA synthesis is aborted. Two reactions, both containing patient DNA
as the template, must be evaluated.
One reaction ampliﬁes the wild type
sequence DNA, and one reaction
ampliﬁes mutant DNA. The reaction
which successfully produces a DNA
product indicates the sequence of
the polymorphism, either mutant or
wild-type. The amount of newly synthesized DNA may be measured in
real time by specialized PCR machine
(“real time PCR”). During each cycle
it detects ﬂuorescence emitted by
a dye, which glows when it binds to
double-stranded DNA.

24535993_Rx.indd
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These examples merely scratch the
surface of the multitude of strategies
available for detecting polymorphisms.
Currently, new tests are coming on
the market at a rapid rate, providing an
increasing number of options to meet
the needs of health care practitioners
and their patients.
Acknowledgement: I sincerely
thank Heather Hutchinson, BS, from
Dr. Grace Kuo’s Research Ofﬁce at
UC San Diego (funded by the Centers
for Disease Control and Prevention
CDC grant No. 1U38GD000070), for
researching and collecting data, as
well as compiling and summarizing the
information in all three tables.
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CONTINUING EDUCATION QUIZ

Questions for “Pharmacogenomic Testing Technology in Currently Available Test Kits”
1.

2.

3.

4.

5.

Pharmacogenomic testing is not yet common in clinical
settings because
A. It is a violation of CLIA licensing policies.
B. Physicians are not interested in using pharmacogenomic testing.
C. The tests are complex, often requiring sophisticated equipment and
expertise.
D. There is no evidence of clinical utility for such tests.
E. Each clinical lab would have to develop its own testing protocols.
Direct to consumer tests may use which type of patient specimen?
A. cheek swab.
B. saliva.
C. blood.
D. A and B.
E. All of the above.
Which of the following accurately describes the relationship of
phenotype and genotype?
A. The phenotype indicates how many alleles there are, while the genotype
indicates what sequence variation characterizes each allele.
B. The phenotype is the trait that results from the genetic make-up known
as the genotype.
C. The genotype is the type of mutation that exists in a gene, while the
phenotype is the frequency of that mutation in the population.
D. The genotype describes the variation in a gene, while the phenotype
indicates whether the allele is maternal or paternal.
E. The genotype describes a mutation in germ line cells, while the
phenotype describes a mutation in somatic cells.
The most common type of polymorphism in the human genome is
A. gene duplications.
B. Translocations.
C. sequence insertions.
D. sequence deletions.
E. single nucleotide substitutions.
Immunohistochemistry is a technique which
A. is used as a phenotype test.
B. measures patient enzyme activity.
C. requires the use of radiation.
D. determines whether the patient is immunocompromised.
E. primarily detects the aberrant morphology of tumor cells.

6.

Somatic cell mutations
A. may be transmitted to the next generation.
B. are always homozygous.
C. can be detected by genetic testing of a cheek swab.
D. occur spontaneously in non-germline cells.
E. cannot be detected by genetic tests currently available.
7. The polymerase chain reaction (PCR)
A. causes the cells in the patient specimen to proliferate.
B. is performed on ice.
C. increases the number of DNA copies of the entire genome.
D. increases the number of DNA copies of the gene of interest.
E. is not particularly efficient.
8. Which of the following is NOT true regarding allele-specific
base pairing in pharmacogenomic tests?
A. It allows one to discriminate between allelic variants.
B. It assays the binding of an enzyme to the patient DNA.
C. It is disrupted if even a single nucleotide mismatch occurs between two
DNA strands.
D. It involves the mixing of synthesized oligonucleotides with patient DNA.
E. It usually follows PCR.
9. Microarrays
A. provide a phenotype test and a genotype test in one.
B. are among the most economical genetic tests.
C. allow one to test for many genes and alleles simultaneously.
D. are interpreted by a technician observing the slide under a microscope.
E. are unlikely to be a common genetic testing method in the future.
10. Which of the following is NOT true regarding allele-specific
primer extension?
A. It may be performed using real-time PCR.
B. If the primer perfectly matches the target sequence, it will be extended
and a new strand of DNA will be synthesized.
C. The last nucleotide of one of the primers is complementary to the SNP.
D. A positive result may be detected by the emission of fluorescence.
E. It does not require the addition of any enzymes.
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Business Model

Pharmacogenomic
Testing in an HIV Clinic
By Sarah McBane, PharmD, CDE, BCPS; Nathan Painter, PharmD, CDE; and Craig Ballard, PharmD
Introduction
Pharmacogenomics is a study of
genome-wide variations of genetic
determinants for drug efﬁcacy and
toxicity. This includes genes that
encode for drug receptors, metabolizing enzymes and transporters, as well
as genes involved in disease susceptibility that can affect drug response.1
Also known as “personalized
medicine,” pharmacogenomics has
the potential to match a drug to an
individual’s response in order to minimize toxicity and maximize effectiveness. This would allow healthcare
practitioners to tailor drug treatments.
For patients, a greater conﬁdence in
their prescribed drug therapy may lead
to higher adherence rates and a more
efﬁcient healthcare system.
In 2002, researchers observed that
abacavir hypersensitivity occurred
in patients carrying the HLA-B*5701
allele, which occurs in 4-5% of the
patients being treated with abacavir.2,3
Because of this, the ﬁrst large international pharmacogenomic randomized
clinical trial was published in 2008 and
demonstrated that screening for HLAB*5701 before starting abacavir therapy and avoiding the drug in patients
that carry the HLA-B*5701 allele
resulted in the disappearance of the
hypersensitivity reaction. This pharmacogenetic test is now routinely ordered
when providers prescribe abacavir.4

Description of
the Practice Model
The Owen Clinic is a HIV/AIDS
clinic within the University of California, San Diego (UC San Diego) Health
System. The Owen Clinic utilizes an
interprofessional health care team
which includes physicians, pharmacists, physician assistants, nurse
26

practitioners, social workers, nutritionists and mental health workers. The
pharmacist-directed antiretroviral clinic
within the Owen Clinic was established in 1987 when zidovudine (AZT)
was FDA approved.
At the clinic, pharmacists have their
own schedule of patients and provide
medication therapy management,
adherence counseling, assistance with
medication access and other duties.
Since 2007, the pharmacists in the
Owen Clinic have been ordering the
HLA- B*5701 genetic test to assess
appropriateness of abacavir use in the
designed antiretroviral regimens for
patients. This is part of the pharmacists’ role in starting or changing
antiretroviral therapy in the clinic.
The pharmacists maintain a log of
test results and enter the results into
the patient’s electronic medical record.
Since 2007, over 700 results have been
collected and documented. The result
is used to determine if an abacavircontaining regimen would be appropriate for the patient. If the HLA-B*5701
allele is present, then the patient’s
allergy proﬁle is updated and abacavir
is avoided due to the increased risk of a
hypersensitivity reaction.

Resource Requirements
There are three pharmacists sharing
two full-time positions. Each pharmacist has a dedicated exam room for
patient encounters. The pharmacist’s
clinic schedule includes six patients
per half-day, and each patient has a
30 minute visit. Additionally, student
pharmacists and residents participate
in the patient care and present patient
cases to the attending pharmacist in
the clinic. The pharmacists work under
a collaborative practice protocol to
manage patients in the antiretroviral
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and the HIV/Hepatitis C co-infection
clinics within the Owen Clinic.

Descriptions of Successes
Since the HLA-B*5701 testing has
been implemented, the Owen Clinic
has seen no hypersensitivity reactions
in patients, thus avoiding many potential
emergency department visits. Prior to
implementation of the testing, anytime
a patient was presented with signs and
symptoms suspicious of an abacavir
hypersensitivity reaction, all antiretroviral
therapy would be discontinued. Even
though speciﬁc cause of the reaction
was unclear, many patients lost the
opportunity to be considered for several
other potential antiretrovirals.
Prior to use of the HLA-B*5701
test, practitioners often estimated that
around 10 percent of patients would
experience an abacavir hypersensitivity reaction. Since implementation of
the testing, only about 5 percent of
patients were found to actually express
the HLA-B*5701 allele.

Limitations of the Model
The HLA-B*5701 test results take
ﬁve to seven days to become available
to the pharmacists or other providers.
Abacavir cannot be initiated during
this time frame. Because the test
is not performed in house, the test
results are not directly imported into
the health system’s electronic medical
record and must be manually entered
into a spreadsheet. Relevant allergy
information (which would preclude use
of abacavir) must be manually entered

into the electronic medical record by an
Owen Clinic pharmacist. The pharmacists have assumed the responsibility
for entry of the test results. Patients
are at risk of duplicate testing, although
this has rarely occurred.

Business Case
The Owen Clinic pharmacists are
funded in full by the UC San Diego
Health System. The clinic is supported
by health system resources supplemented by grants. Patient visits are
billed to third party payers as a facility
fee when appropriate.

Legal or Regulatory Issues
Few legal or regulatory issues
have been noted. No special informed
consent processes are in place. If the
test is not ordered prior to initiation
of abacavir, then standard monitoring
for a hypersensitivity reaction would
be followed. If a patient is started on
abacavir, then counseling regarding
hypersensitivity reaction symptoms is
still done, and that the risk of a reaction

532732_Buy.indd 1

is greatly reduced with a negative HLAB*5701 test result. The Owen clinic has
not experienced any third party payer
refusals for reimbursement of the test.
Standard patient privacy practices are
sufﬁcient to protect patients regarding
HLA-B*5701 test results.

Future Plans and Directions
Future plans include collaboration
with UC San Diego Health System
information systems experts to
develop methods allowing test results
to be automatically integrated into the
electronic medical records. Additionally, positive test results could trigger
an update of the patient’s allergy
proﬁle as well.
About the Authors
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Business Model

Pharmacogenomic Testing at the
VA San Diego Healthcare System
By Dr. Margaret Mendes, PharmD and Nathan A Painter, PharmD, CDE
The Pharmacogenomics Testing
Evaluation Committee (PTEC) provides a consult service for pharmacogenomics testing in all settings
of the VA San Diego Healthcare
System. PTEC was created in 2010
and is an interprofessional healthcare
team consisting of clinical pathologists, pharmacists, physicians, and
nurses.
There are four main goals of the
PTEC:
(1) To review the evidence of pharmacogenomics tests currently
available to determine the quality
of evidence, cost effectiveness
and clinical application;
(2) To use the ACCE model (Analytical validity, Clinical validity, Clinical utility, and associated Ethical
implications) to create guidelines
and recommendations for use of
pharmacogenomic tests in clinical
settings to reﬂ ect safe, ethical
and efﬁ cacious practice;
(3) To provide education to clinical
staff regarding aspects of pharmacogenomics testing;
(4) To recommend infrastructure that
might serve as a gatekeeping
process to assure cost effective
utilization of testing.
PTEC meets on a monthly basis
to discuss cases and develop testing
criteria. The two most common tests
ordered are Interleukin-28b (IL28b)
to predict sustained viral response of
Hepatitis C to interferon and ribavirin
and Thiopurine methyltransferase
(TPMT) to predict adverse effects of
azathioprine. Once a provider orders
a pharmacogenomics test, a laboratory technician sends a message to
the pharmacogenomics pharmacist.
It is the pharmacist responsibility to adjudicate all requests for
28

pharmacogenomics tests and enter
the reasons for approval or denial
into the patient’s electronic medical
record (EMR).

Resource
Requirements (staffing,
equipment, capital)
There is no direct patient care provided for the consult service. About
two hours a day of the pharmacist’s
time is dedicated to pharmacogenomics service, which includes PTEC
meetings, protocol development and
review of lab requests. Most requests
can be processed and responded to
within 15 minutes. If there is a request
for a test that has not been discussed
by the PTEC, it may take the pharmacist a few days to evaluate and
respond. There is also an opportunity
for pharmacy residents to be a part of
the process and be trained as an additional pharmacogenomics pharmacist
that would participate in the PTEC and
review lab requests.

Description of
Successes (anecdotal
and measurable)
PTEC’s recommendations
have been well received by the
medical center staff. Using the

EMR, a standard order process
for pharmacogenomics tests and
the corresponding medication(s)
being prescribed has been
created. Oncology, psychiatry, and
hepatology specialists are using
pharmacogenomic tests more often
based on the validity reported in the
literature in certain cancers or other
conditions, and have reported positive
outcomes. During the period from
November 2010 to September 2011,
69 pharmacogenomics tests were
reviewed by the pharmacist and 77%
were approved. Out of the 16 tests
that were denied, eight (50 percent)
were for IL28B, for patients who were
not drug naive, a requirement for
testing in the treatment of Hepatitis
C. Reasons for most denials were
inappropriate indications because the
test requests did not ﬁt within the
guidelines developed by PTEC and
resulted in the institution saving more
than $4,500. Clinical outcomes data
have not been collected so far.

Limitations of
the Program
The VA system uses an EMR
that includes both laboratory test
and medication information. The
PTEC pharmacist can, therefore,

It is the pharmacist’s responsibility
to adjudicate all requests for
pharmacogenomics tests and enter
the reasons for approval or denial
into the patient’s electronic medical
record (EMR).
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easily evaluate medication and test
requests to determine applicability.
Institutions without a comprehensive
EMR may encounter barriers to the
full integration of genetic test results
and their application.

Legal Issues or
Regulatory Requirements
Currently, informed consent is
not required for pharmacogenomics
testing. The tests are treated as a
laboratory parameter and handled
with the same procedures to ensure
privacy. All counseling and risk/beneﬁ t discussions related to the genetic
testing are the responsibility of the
patient’s provider.

Business Case (payment
for services, who pays,
coding for services, etc.)
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Currently, all pharmacogenomics testing is under the laboratory
budget for the health system. No
third party payers have been billed
for service.

Future Plans
and Direction

The One Returns Program That Started It All

PTEC will continue adding new
tests and guidelines for their use.
They plan to educate providers about
“personalized medicine” and the
proper use of pharmacogenomic
tests. They are interested in expanding the current service to include
face-to-face consults in which
pharmacogenomics counseling would
occur for all patients. They are also
evaluating a centralized pharmacogenomics consult service with other
VA Health Systems in the region. The
ultimate goal is to develop standard- 556133_Guaranteed.indd
ized criteria that would train all VA
pharmacists to process pharmacogenomic test requests nationally.
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Business Model

Pharmacogenomics:
CAPSLEAD Project from USC
By Laressa Bethishou, 2014 PharmD Candidate; Angela Chen 2014, PharmD Candidate;
Chrissie Chew 2013 PharmD Candidate; Richard Dang 2013 PharmD Candidate;
Courtney Greenberg, 2013 PharmD Candidate; Rebecca Ashlee Klevens, 2013 PharmD Candidate;
Vlada Treynker, 2013 PharmD Candidate; Andrew Warnock, 2013 PharmD Candidate;
Melissa Durham, PharmD; Jeffery Goad, PharmD, MPH; and Edith Mirzaian, PharmD, BCACP
For the past few decades, it has
been known that the exact same dose
of medication may elicit completely
different responses in different individuals. However, only relatively recently
has the science of genetics been able
to help demystify the mechanisms
behind these varied responses. Pharmacogenomics is the term coined to
explain how variance between human
DNA sequences can affect drug
response. We are now able to identify
speciﬁc genotypes that correlate
strongly with a patient’s therapeutic
outcome, with implications on both
efﬁcacy and side effects. Pharmacogenomics’ expansion and continued
clinical relevance has resulted in
legislation such as the Genomics and
Personalized Medication Act of 2006,
which provides increased funding for
research and support for the expansion of the genomic workforce.
Given the profession of pharmacy’s
recent transition to focus on medication therapy management, pharmacists may be a suitable, ﬁrst-line
choice to bring pharmacogenomics
from bench to bedside. Although we
are only brushing the surface of what
is possible, there nonetheless remains
the potential to use pharmacogenomic
information to tailor a medication regimen speciﬁc to a patient.
Considering that pharmacogenomics is a relatively new ﬁeld, the University of Southern California (USC)
California Pharmacy Student Leadership (CAPSLEAD) team undertook a
study to evaluate the baseline level of
knowledge of pharmacists regarding
pharmacogenomics, and also the level
of penetration of its use into clinical
practice. The objectives of this study
30

were also to evaluate attitudes and
behaviors regarding the integration
of pharmacogenomics into pharmacy
practice, and the potential for its integration into pharmacy’s future scope
of practice.

Table 1 : Basic Demographics
State in which you received your pharmacy
degree. (N = 92)
CA

75

83%

Other

16

17%

Did you attend a residency program? (N = 118)

Methods
To conduct the study, the USC
CAPSLEAD team used Qualtrix software to electronically send a survey
to pharmacists across the country,
although primarily in California. Local
hospitals, CPhA and CSHP local
associations, retail and independent
pharmacies, as well as the faculty and
staff of selected pharmacy schools
were included. Results were collected
anonymously and electronically. The
primary endpoints of this survey were
the attitudes, beliefs, and practice
of pharmacists regarding their role
in pharmacogenomics. Secondary
endpoints were baseline knowledge of
pharmacogenomics and the willingness of pharmacists to expand their
knowledge base. The USC Institutional Review Board approved the
study.

Yes

52

44%

No

66

56%

When did you receive your pharmacy degree?
(N = 118)
2000-Present

54

46%

1990-1999

23

10%

1980-1989

26

22%

1970-1979

22

19%

Before 1970

4

4%

What is your field of practice? (N = 118)
Hospital

62

53%

Community

15

13%

Ambulatory Care

10

8%

Academia

8

7%

Government

7

6%

Industry

5

4%

Research

1

1%

Other

10

8%

Results
The survey returned 118
responses. The basic demographics of
the results can be seen in Table 1. Of
note, pharmacists came primarily from
California (83 percent), and a sizeable
percentage was residency trained (44
percent). Forty-six percent of respondents received their degree since 2000,
with the remaining relatively evenly
split over the previous three decades.
Fifty-three percent of respondents
currently practice in a hospital setting,
and a small minority practice in com-
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munity, ambulatory care, academia,
and government.
Pharmacists were asked three
questions to evaluate their current
attitudes toward pharmacogenomics.
A summary of the results can be seen
in Chart 1. The ﬁrst question asked
pharmacists about their comfort level
in providing a genetic consultation to a
patient regarding a genetic test. Fortynine percent answered “not at all,”
28 percent answered “not very,” 21
percent answered “neutral,” and the

Chart 1

remaining would be very or somewhat
comfortable. The second question
asked pharmacists how important
pharmacogenomics is to our profession. Seventy-two percent answered
“Very” or “somewhat,” with the 31
percent answering “neutral” and
the remainder answering “not very”
or “not at all.” The last questions
asked how valuable are pharmacists
in expanding the ﬁeld of pharmacogenomics, with 88 percent answering
“very” or “somewhat.”
In evaluating the current
knowledge of pharmacists, we
ﬁrst asked respondents to evaluate
their own personal knowledge of
pharmacogenomics. Two percent
of respondents were “extremely”
knowledgeable, 22 percent were
“moderately,” 61 percent stated
“slightly” knowledgeable and 15
percent of respondents said they had
no knowledge of pharmacogenomics.
We then asked if there were any
drugs currently on the market where
a physician can use a genetic test to
make a decision regarding treatment.
Of the 90 pharmacists who said yes,
46 were able to correctly identify
Herceptin® (trastuzumab) as a
medication that has an FDA-required
pharmacogenomic test prior to
use. Fifteen pharmacists answered
incorrectly and 26 were not sure.
Finally, we surveyed whether or
not pharmacists would be willing to
receive additional training on pharmacogenomics in order to better counsel
their patients, and whether reimbursement would increase their willingness
to receive additional training. The
results were almost identical, with 101
respondents expressing a willingness
to receive training and 99 saying that
they would do so if they were remunerated for genetic consultations.

Discussion
The results strongly indicate that
there is a general lack of knowledge
regarding pharmacogenomics. Eightyﬁve percent of pharmacists are not
conﬁdent in their ability to counsel a
patient on a pharmacogenomics test,
despite the fact that 63 percent of
pharmacists believe that pharmacogenomics is important to the profession. Of the 85 percent of pharmacists
that were aware of the value of applying genetic information to treatment
decisions, only 44 percent were able
to identify Herceptin® as a drug requiring a genetic test prior to use. It is
unclear from these results, however, if
the difference is reﬂective of the level
of penetration of pharmacogenomics
into a pharmacist’s given ﬁeld, or if the
inexperience is a contributing factor to
the lack of usage of pharmacogenomics.
Nonetheless, a large majority of
participating pharmacists recognizes
that genetic testing is important to
the profession, and also agrees that
pharmacists can be valuable assets
to the emerging ﬁeld. Pharmacists
indicate that they are very willing to
pursue additional training in order to
more adequately prepare themselves
for consultation and use in practice,
with or without reimbursement.

Limitations
Our survey has numerous limitations that may limit its application
to current practice. First is the small
sample size of the survey. There were
only 118 responses, which may not
give our results much statistical value
considering that the pharmacist population in California is nearing 24,000
(Federal Labor Bureau http://www.
bls.gove/oes/current/oes291051.htm).
Moreover, the demographics of the
response pool are not representative
of pharmacists in California. Fifty-three
percent of respondents came from
hospital practice, 13 percent from
community, 10 percent from ambulatory care and then less than 10 percent from other areas of practice such
as government, industry, etc. This is
in contrast with the statewide pool of
pharmacists, which still has over 50

percent of pharmacists practicing in
the community, 30 percent in hospital
practice, and then limited representation elsewhere.
Since our respondents disproportionately practice in clinical settings
and are more likely to be residency
trained (44 percent in our survey),
they are more likely to be exposed to
pharmacogenomics. Therefore, the
knowledge of pharmacogenomics in
our study may actually be over-representing the level of knowledge present overall. Additionally, 46 percent of
respondents graduated since the year
2000 and another 10 percent between
1990-1999. This is a relatively young
set of respondents, who may have
been taught more pharmacogenomics as it became integrated into the
curriculum at the schools of pharmacy.
The impact would be similar to having
an overrepresentation of pharmacists
in clinical practice; to overestimate the
level of knowledge about pharmacogenomics in pharmacists.
Despite these limitations, the data
is so heavily slanted in one direction or
the other that it is difﬁcult to dispute
our basic assertion that there is not
widespread knowledge of pharmacogenomics but a willingness to learn as
the science progresses.

Conclusion
Based on the expressed willingness and interest amongst pharmacists to expand their role, we believe
that pharmacists can be a valuable
asset in providing genetic consultations, either to patients or providers. Given the lack of knowledge of
practicing pharmacists, training would
be necessary in order to prepare the
profession for this expanded responsibility. This would mean specialized
continuing education courses for
pharmacists in California, and greater
incorporation of pharmacogenomics
into the curricula at the schools of
pharmacy. Although most pharmacists would seek out this additional
training on their own, reimbursement
for genetic consultations would provide a greater incentive for pharmacists to seek out extra learning
opportunities.
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Feature

Pharmacy Quality Commitment
helps Pharmacists Meet the Demands
of Continuous Quality Improvement

Provide Image/Pullquote

California Code of Regulations Section 1711: §1711. Quality Assurance
Programs states that: (a) Each pharmacy shall establish or participate in
an established quality assurance program which documents and assesses
medication errors to determine cause
and an appropriate response as part
of a mission to improve the quality of
pharmacy service and prevent errors.
Many pharmacy network contracts
now require that your pharmacy have
a continuous quality improvement
(CQI) program in place; that there be
documentation of errors and a process
of addressing of those errors. There
are quality assurance Part D requirements under CMS section 423.153
(c) that requires that there be quality
assurance measures and systems
in place. Medicare Part D requires
prescription drug plans to assure continuous quality improvement and your
participation via third party contracts
necessitates adherence to these
directives. Many pharmacists are not
aware that language in most contracts
mandates the implementation and use
32

of a veriﬁable, documented pharmacy
quality assurance program.

Do you have a process in
place in your pharmacy
that allows you to address
continuous quality
improvement?
The issue of quality and patient
safety is in the forefront of today’s
healthcare agenda. In order to thrive
in this new environment of increased
focus on quality and patient safety,
we must better understand the quality improvement process and the
pharmacist’s role in improving patient
safety. We must also recognize that
problems that exist which cause mistakes to inevitably occur are systems
problems; in order to change the
outcome and prevent the same error
from occurring in the future, we must
change the system.
The approach of Pharmacy Quality
Commitment® (PQC) is to catch the
near misses, the mistakes that occur
in the process, before they become
medication errors. Until a mistake
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reaches a patient, it is only a potential error or quality-related event.
PQC provides a two part program
(the Sentinel® quality assurance
workﬂow and the Quality Manager®
web-based quality-related event audit
function) that enables a pharmacy
to identify, document, and analyze
workﬂow. The program helps put in
place a workﬂow process based on
best practices and suggests a check
and balance routine for each station in the pharmacy. The pharmacy
then collects system mistakes, near
misses that do not reach the patient
and errors that reach the patient and
enters them into the pharmacy’s
unique on-line database. After a few
weeks/days the pharmacist is able
to see medication error trends in the
pharmacy via graphs and charts and
can work with staff to institute positive changes in these areas. The core
philosophy of PQC® is that pharmacists and pharmacy staff will work as
team members in an organized effort
to evaluate past failures of quality in
the system, and commit to policies
that have been developed to prevent
future failures of quality. The program
strives to reduce medication errors
in the pharmacy by offering feedback
that allows the pharmacist to elevate
the quality of patient care.
Use of Pharmacy Quality Commitment makes good business sense
as it addresses the focus on quality
in today’s healthcare arena. PQC
provides the tools to meet the growing
emphasis on controlling medication
errors, can help reduce costly mistakes
in everyday workﬂow, and use of the
program increases patient safety as
pharmacists implement more effective
ways of preventing errors.

To come from James Ream
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Clinical Capsule

Brilinta® Ticagrelor

Another Option in Antiplatelet Therapy

By Oladoyin Alimi, PharmD/MBA; Noelle de Leon, PharmD, BCPS;
and Cynthia Jackevicius, BScPhm, PharmD, MSc, BCPS
Antiplatelet therapy for secondary
prevention of acute coronary syndromes
(ACS) has been well-established and is
recommended in all patients with ACS
unless contraindicated. Aspirin is recommended indeﬁnitely in all patients with
ACS with the addition of clopidogrel to
those diagnosed with unstable angina
(UA) or non-ST elevated myocardial
infarction (NSTEMI) for a minimum of
one month but ideally one year. Dual
antiplatelet therapy with aspirin combined with clopidogrel or prasugrel is
recommended for at least 12 months
in those treated with stents.1 One of
the major limitations with current oral
thienopyridines is that they irreversibly
bind to the ADP P2Y12 receptor for the
lifetime of the platelets.
After drug discontinuation, thienopyridines must be held for at least 5-7
days prior to surgery due to increased
risk of bleeding. Clopidogrel is further limited since it is a prodrug that
requires a two-step activation that
leads to a delayed onset of action.
Response to clopidogrel therapy can
also vary depending on whether one
is an intermediate or poor metabolizer

of CYP2C19.2,7 Although prasugrel,
another prodrug, was shown to be
more efﬁcacious without the delayed
onset of action or variability in response
due to lack of reliance on CYP2C19
for activation, the increased amount of
bleeding compared to clopidogrel offset some of the beneﬁts of the drug.3
Ticagrelor is the newest non-thienopyridine antiplatelet agent approved
July 2011 for the reduction of thrombotic cardiovascular (CV) events in
ACS and stent thrombosis in percutaneous coronary intervention (PCI).
Ticagrelor is a twice-daily non-thienopyridine that reversibly binds to the
ADP P2Y12 receptor on platelets. 2,7,8
Updated PCI guidelines have included
ticagrelor as another agent to be given
in combination with aspirin for at least
12 months in those with stents.4

Pharmacology:
Ticagrelor Compared
to Clopidogrel and
Prasugrel2,5,6,10
Ticagrelor is an oral cyclopentyl-triazolo-pyrimidine that reversibly binds to
ADP P2Y12 receptors on platelets. In

comparison, clopidogrel and prasugrel
bind irreversibly to ADP receptors. The
reversible binding of ticagrelor to platelets may explain rapid offset platelet
effects not seen with clopidogrel.
The ONSET/OFFSET study identiﬁed
the onset and offset of inhibition of
platelet aggregation (IPA) of ticagrelor
using the PLATO (PLATelet inhibition
and patient Outcomes) trial loading
dose (180 mg) and maintenance dose
(90 mg) with a high loading dose (600
mg) and maintenance dose (75 mg )
of clopidogrel or placebo. At 24 hours
after the last dose, mean IPA was 58
percent for ticagrelor versus 52 percent for clopidogrel. IPA for ticagrelor
on day three after the last dose was
comparable to clopidogrel at day ﬁve;
IPA on day ﬁve for ticagrelor was similar to clopidogrel on day seven and did
not differ from placebo. The results
showed that platelet activity returned
to baseline faster on ticagrelor than on
clopidogrel.
Ticagrelor is metabolized mostly by
CYP3A4, and along with its metabolite, are weak P-glycoprotein substrates and inhibitors. Unlike ticagrelor,

Pharmacokinetics and pharmacodynamics of clopidogrel, prasugrel, and ticagrelor 3,12,1 3
Clopidogrel

Prasugrel

Ticagrelor

Dosing

300mg or 600mg loading, 75mg daily

60mg loading, 10mg daily

180mg loading, 90mg twice daily

Absorption

≥79% bioavailability, unaffected by
food

50% bioavailability, unaffected by food

36% bioavailability, unaffected by food

Metabolism

Prodrug
Converted to active metabolite in two
step process primarily by CYP 2C19,
3A4, 2B6, 1A2

Prodrug
Converted to active metabolite in one
step primarily by CYP 3A4 and 2B6 and
to lesser degree 2C9 and 2C19

Does not require conversion to active
metabolite to exhibit pharmacological
effects. Parent drug is active. Major
enzyme responsible for metabolism and
active metabolite is CYP 3A4

Half-life

Inactive parent compound = 6 h

Active metabolite = 7h (2-15h)

Active parent compound = 7h

Time to peak inhibition

6h following a 300mg loading dose
2h following a 600mg loading dose

1-1.5h following 60mg loading dose

2h following 180mg loading dose

Recommended time for discontinuation
prior to major surgery

5 days

7 days

5 days

Active metabolite = 0.5 h
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Active metabolite = 9h
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Clinical evidence for ticagrelor: Ticagrelor versus Clopidogrel in Patients with Acute Coronary Syndromes by PLATelet
inhibition and patient Outcomes (PLATO) Investigators 3
Study Design

A randomized, double-blind, parallel group, phase 3, efficacy and safety study of ticagrelor compared with clopidogrel for prevention of
vascular events in patients with non-ST or ST elevation acute coronary syndromes

Study Population

Inclusion criteria: patients with ACS during the previous 24 hours
• NSTEMI: two of the three criteria must be met
• ST-segment changes on EKG
• a positive test of a cardiac biomarker
• one of several risk factors: age ?60 years; previous MI or CABG; CAD with stenosis of ?50% in at least two vessels; previous
ischemic stroke, TIA, carotid stenosis of at least 50%, or cerebral revascularization; DM; PAD; or CKD, defined as a CrCl <60 ml/
min/1.73 m2 of BSA
• STEMI: two of the following criteria must be met
• persistent ST-segment elevation of at least 0.1 mV in at least two contiguous leads or a new left bundle-branch block
• the intention to perform primary PCI
Exclusion criteria: any contraindication against the use of clopidogrel, fibrinolytic therapy within 24 hours before randomization, a need
for oral anticoagulation therapy, an increased risk of bradycardia, and concomitant therapy with a strong cytochrome P-450 3A inhibitor or
inducer.

Intervention

Ticagrelor (N = 9333):
• 180-mg LD, followed by 90 mg twice daily for 12 months
Clopidogrel (N = 9291):
• 300-to-600-mg LD, followed by 75 mg daily for 12 months

Endpoints

Primary efficacy: death from vascular causes, MI, or stroke
Primary safety: major bleeding defined by TIMI and study criteria, fatal bleeding, and bleeding requiring transfusion

Main Findings

Efficacy:
• Ticagrelor had a lower rate of the primary efficacy endpoint (9.8%) compared to clopidogrel (11.3%) (HR 0.84, 95% CI: 0.77-0.92,
p<0.001)
• ARR = 1.9%, RRR = 16.2%
• For every 53 people treated with ticagrelor instead of clopidogrel, 1 patient will avoid death from vascular cause, MI, or stroke
for 12 months
• Only the rate of stroke was not statistically different when ticagrelor was compared to clopidogrel
• MI: 5.8% vs. 6.9%, HR 0.84, 95 % CI: 0.75-0.95, p = 0.005
• Death from vascular causes: 4.0% vs. 5.1%, HR 0.79, 95% CI: 0.69-0.91, p = 0.001
• Stroke: 1.5% vs. 1.3%, HR 1.17, 95% CI: 0.91-1.52, p = 0.22
• The rate of definite stent thrombosis was significantly lower with ticagrelor (1.3%) than clopidogrel (1.9%) (p = 0.009).
Safety:
• No difference in major bleeding between ticagrelor (11.6%) and clopidogrel (11.2%) (p = 0.43)
• Non-CABG related bleeding was higher in the ticagrelor group (4.5%) than clopidogrel group (3.8%) (p = 0.03)
• Adverse reaction: dyspnea occurred more in the ticagrelor group (13.8%) than clopidogrel (7.7%) (P<0.001)
• ARI = 6.0%, RRI = 76.9%, NNH = 17
• Due to adenosine mediated stimulation of pulmonary C fibers
Sub-group analysis:
Patients enrolled in North America
Results were not statistically significant in primary outcome for US compared to non-US
HR 1.27, 95% CI: 0.92 to 1.75

ACS=acute coronary syndrome, NSTEMI=non ST elevation myocardial infarction, EKG=electrocardiogram, MI= myocardial infarction, CABG=coronary
artery graft bypass, CAD=coronary artery disease, TIA=transient ischemic attack, DM=diabetes mellitus CKD= chronic kidney disease, CrCl= creatinine
clearance, PAD= peripheral arterial disease, BSA=body surface area, STEMI=ST elevation myocardial infarction, PCI=percutaneous coronary intervention,
LD=loading dose, TIMI= thrombolysis in myocardial infarction, HR=hazard ratio, 95 percent CI=95 percent conﬁ dence interval, ARR=absolute risk
reduction, RRR=relative risk reduction, NNH=number needed to harm, ARI=absolute risk increase, RRI=relative risk increase, Non-CABG related
bleeding=bleeding that did not occur due to CABG surgery.

clopidogrel is a prodrug that requires
two-step activation primarily metabolized through CYP2C19. This metabolic pathway accounts for the slower
onset of action and genetic variability
in activating platelet response with
clopidogrel. Although no direct studies at this time have been published
to compare the pharmacokinetics
of ticagrelor versus prasugrel, like

ticagrelor, prasugrel is metabolized by
CYP3A4, but prasugrel is a prodrug
that requires metabolic activation
while ticagrelor does not.

Efficacy Compared
to Prasugrel 6
• Adjusted indirect comparison metaanalysis (DISPERSE-2, PLATO, and
TRITON-TIMI 38) of 32 893 patients

receiving prasugrel compared to
ticagrelor in patients with ACS.
• Comparison of prasugrel vs.
ticagrelor showed no signiﬁcant
differences in risk overall death,
MI, or stoke (odds ratio [OR] 0.99,
95 percent CI: 0.86–1.13, p = 0.86)
• Risk of overall death:
OR 1.22, 95 percent CI: 0.96–1.55,
p = 0.11
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Adverse Effects 3
Bleeding events

Ticagrelor
Major bleeding (12%; composite of major fatal/life threatening and other major bleeding events), minor bleeding (~5%), anemia (2%),
hematoma (2%), post-procedural hemorrhage (2%), puncture site hematoma (2%)

Cardiovascular

Ventricular pauses (6%; 2% after 1 month of therapy), atrial fibrillation (4%), hypertension (4%), angina (3%), hypotension (3%),
bradycardia (1% to 3%), cardiac failure (2%), peripheral edema (2%), ventricular tachycardia (2%), palpitation (1%), syncope (1%),
ventricular extrasystoles (1%), ventricular fibrillation (1%)

Central nervous system

Headache (7%), dizziness (5%), fatigue (3%), fever (3%), anxiety (2%), insomnia (2%), vertigo (2%), depression (1%)

Gastrointestinal

Diarrhea (4%), nausea (4%), vomiting (3%), abdominal pain (2%), constipation (2%), dyspepsia (2%), GI hemorrhage

Respiratory

Dyspnea ≤14%, epistaxis (6%), cough (5%), nasopharyngitis (2%), bronchitis (1%), pneumonia (1%)

Rare/Serious

Confusion, conjunctival hemorrhage, gastritis, gout, gynecomastia, hemarthrosis, hemoptysis, intracranial hemorrhage (including
fatalities), intraocular hemorrhage, paresthesia, retinal hemorrhage, retroperitoneal hemorrhage

•

•

•

•

• Risk of non-fatal myocardial
infarction: OR 0.89, 95 percent CI:
0.75–1.06, p = 0.20
• Risk of non-fatal stroke: OR 0.86,
95 percent CI: 0.55– 1.33, p = 0.49
Risk of deﬁnite or probable stent
thrombosis was signiﬁcantly lower
with prasugrel compared to ticagrelor
(OR 0.64, 95 percent CI: 0.43–0.93,
p = 0.020)
Prasugrel was associated with
a higher risk of any TIMI major
bleeding (OR 1.43, 95 percent
CI: 1.10–1.85, p = 0.007), major
bleeding associated with CABG (OR
4.30, 95 percent CI: 1.73–10.6, p
= 0.002), and TIMI major or minor
bleeding (OR 1.26, 95 percent CI:
1.04–1.54, p = 0.018).
There was no difference in risk of
major bleeding unrelated to CABG
(OR 1.06, 95 percent CI: 0.77–1.45,
p = 0.34), minor bleeding (OR 1.07,
95 percent CI: 0.79–1.45, p = 0.65),
or drug discontinuation (OR 1.03, 95
percent CI: 0.88–1.19, p = 0.73).
Meta analysis suggests similar
efﬁcacy of prasugrel and ticagrelor
in risk of death, MI, or stroke, but
prasugrel appears to be associated
with less stent thrombosis. While
there was no difference seen in
non-CABG related bleeds or minor
bleeds, prasugrel was associated
with a higher risk of CABG related
bleeds and TIMI major bleed.
• A large randomized, multicenter,
double blinded trial should still be
conducted to assess the safety and
efﬁcacy of ticagrelor compared to
prasugrel.
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Ongoing Trial:
PEGASUS-TIMI 5411
• Randomized, double-blind, three-arm,
parallel-group, international, multicenter study of approximately 21,000
patients in over 30 countries that will
examine the long-term efﬁcacy and
safety of ticagrelor in patients 1-3
years post-myocardial infarction.
• 25 percent of those recruited
expected to be from the US.
• The primary efﬁcacy endpoint: time
to ﬁrst occurrence of CV death,
non-fatal myocardial infarction or
non-fatal stroke.
• The study will be event driven and
treatment period is 12-38 months.
Expected completion date is
February 2014.
• Patients will be randomized to
either ticagrelor 60 or 90 mg twice
daily, or placebo with concomitant
aspirin 75 to 150 mg daily.

Contraindications10
• History of intracranial hemorrhage
• Active bleeding
• Severe hepatic impairment

Precautions10
• General risk of bleeding
• Discontinue at least ﬁve days prior
to surgery
• Do not start ticagrelor in patients
planned to undergo urgent
coronary artery bypass graft
surgery (CABG).
• Maintenance aspirin dose
• Doses above 100mg decrease
effectiveness of ticagrelor
• Discontinuation
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• If possible, manage bleeding
without discontinuing ticagrelor.
Stopping ticagrelor increases the
risk of subsequent cardiovascular
events
• Moderate liver dysfunction
• Ticagrelor has not been studied
in patients with moderate hepatic
impairment. Consider the risks and
beneﬁts of treatment, noting the
probable increase in exposure to
ticagrelor.
• Dyspnea
• Dyspnea was the most common
adverse reaction reported in
patients taking ticagrelor. Dyspnea
was usually mild to moderate in
intensity and often resolved during
continued treatment.
• In PLATO trial, dyspnea occurred in 13.8 percent in the
ticagrelor group compared to
7.8 percent in the clopidogrel
group in which 0.9 percent
of patients in ticagrelor group
discontinued the drug due to
dyspnea compared to 0.1 percent of patients in the clopidogrel group. Most episodes lasted
less than one week.
• If a patient develops new,
prolonged, or worsened dyspnea
during treatment with ticagrelor,
exclude underlying diseases that
may require treatment. If dyspnea
is determined to be related to
ticagrelor, no speciﬁc treatment is
required; continue therapy without
interruption.
• Strong inhibitors/inducers of
cytochrome CYP3A

Drug Interactions10

Summary

• Strong inhibitors of cytochrome
CYP3A (e.g., clarithromycin,
itraconazole, ketoconazole, etc.)
• Strong inducers of cytochrome
CYP3A (e.g., rifampicin,
phenytoin, etc.)
• Simvastatin and lovastatin
• Avoid doses greater than simvastatin and lovastatin 40mg daily.
• No dose adjustments for
atorvastatin
• Digoxin
• Ticagrelor is a weak inducer
and inhibitor of P-glycoprotein
transporter. Digoxin levels
may be increased with
coadministration. Check levels
at the initiation or any change in
ticagrelor therapy.

Ticagrelor was more effective
in reducing cardiovascular death,
myocardial infarction, or stroke
compared with clopidogrel in patients
with acute coronary syndromes. There
was no difference in major bleeding
but there was a higher incidence of
non-CABG related bleeding in the
ticagrelor group compared to the
clopidogrel group. The major reported
adverse effect is dyspnea but most
episodes lasted less than one week in
the PLATO trial. Patient should take the
medication twice daily and NOT take
a maintenance aspirin dose greater
than 100mg daily due to the anomaly
seen in US population in the PLATO
trial where higher aspirin doses had
lower efﬁcacy. Ticagrelor should not be
given to anyone with a prior history of
intracranial hemorrhage.
Currently, ticagrelor is indicated
for reduction of thrombotic CV events
in ACS and stent thrombosis in PCI.
Updated PCI guidelines have already
included ticagrelor as a third option
in the prevention for stent thrombosis but the ACS guidelines have not
been updated yet with ticagrelor. It’s
ultimate role in the reduction of CV
events remains to be seen as more
studies like PEGASUS are done to
evaluate efﬁcacy as well as more studies being done to compare safety and
efﬁcacy versus prasugrel.

Patient counseling10
• Take ticagrelor exactly as
prescribed; do not discontinue
ticagrelor without discussing it
with the prescribing physician.
• Daily doses of aspirin should not
exceed 100 mg and avoid taking
any other medications that contain
aspirin.
• May bleed and bruise more easily
and bleeding will take longer than
usual to stop.
• Report any unanticipated,
prolonged or excessive bleeding,
or blood in the stool or urine.
• Ticagrelor can cause shortness of
breath. Contact prescribing physician if unexpected shortness of
breath is experienced, especially if
severe.
• Inform physicians and dentists that
you are taking ticagrelor before
any surgery or dental procedure.

Dosing and Cost10
• Initial one time loading dose of
180mg PO followed by 90mg
twice daily
• After the initial loading dose of
aspirin (usually 325 mg), ticagrelor
requires a daily maintenance dose
of aspirin of 75-100 mg
• No adjustments for renal impairment
or mild hepatic dysfunction
• Ticagrelor 90mg tablets: $217.32
(30 tablets)
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Evidence-Based
Business Model Medicine Review

SATURN Study
By Genene Salman, PharmD; Michael E. Stuart, MD; and Sheri A. Strite
Introduction

Results

The Study of Coronary Atheroma
by Intravascular Ultrasound: Effect of
Rosuvastatin versus Atorvastatin (SATURN) was a prospective, randomized,
multicenter, double-blind clinical trial.
The study analyzed the intravascular
ultrasonography of 1039 patients with
coronary artery disease at baseline
and then after 104 weeks of either
taking atorvastatin 80 mg daily or
rosuvastatin 40 mg daily. The study
was sponsored by AstraZeneca, the
manufacturer of rosuvastatin.

Percent atheroma volume (PAV),
which was the primary efﬁcacy point
of the study, was decreased by a
statistically non-signiﬁcant amount in
the rosuvastatin group as compared
to the atorvastatin group (1.22 percent
versus 0.99, P=0.17). The secondary efﬁcacy point, normalized total
atheroma volume (TAV), also had a
more statistically signiﬁcant decrease
in the rosuvastatin group compared
to the atorvastatin group (-6.39 mm3
versus -4.42 mm3, P=0.01). However,

in terms of the clinical application,
cardiovascular events were the same
for both groups. In addition, the rosuvastatin group had a higher incidence
of proteinuria (3.8 percent vs. 1.7
percent).

Conclusion
Although SATURN found
that rosuvastatin decreased the
primary and secondary endpoints,
PAV and TAV to a greater extent
then atorvastatin, the number of
cardiovascular events was similar

Element

Criteria

Study
Design
Assessment

Is the design appropriate to the research question? Is the
research question useful?
• For efficacy, use of experimental study design (meaning
study subjects and others were not allowed choice in
determining interventions)
• Clinically significant area for study (morbidity, mortality,
symptom relief, functioning and health-related quality
of life) and reasonable definitions for clinical outcome
such as response, treatment success or failure
• If composite endpoints used, reasonable combination
used - and used for safety if used for efficacy

The purpose and design of the SATURN, a prospective, randomized, double-blinded,
was appropriate and useful, as cardiovascular events are a leading cause of death in
the United States. Although the study reported that the patients taking rosuvastatin
40 mg resulted in lower percent atheroma volume (PAV) and normalized total atheroma
volume (TAV) than the patients taking atorvastatin 80 mg, the clinical outcome, number
of cardiovascular events, were similar in both groups.

Internal
Validity
Assessment

Can bias, confounding or chance explain the study results?
• Ensure prespecified and appropriate 1) research
questions, 2) populations to analyze, 3) outcomes, 4)
group assignment methods, 5) study conduct methods,
6) analysis methods, and 7) level for statistical
significance

1578 participants were present at the start of the trial, and only 1039 participant (65.8%)
remained. An explanation as to why these participants did not complete the trial was not
given.

Selection
Bias

• Groups are appropriate for study, of appropriate size,
concurrent and similar in prognostic variables
• Methods for generating the group assignment
sequence are truly random, sequencing avoids potential
for anyone affecting assignment to a study arm and
randomization remains intact
• Concealment of allocation strategies are employed to
prevent anyone affecting assignment to a study arm

Baseline characteristics differ in terms number of patients with diabetes, current
smoking, prior MI, prior PCI, and prior history of statin use. During the preliminary
randomization, when patients were started at a lower dose of the respective statin, the
concealment of allocation was achieved via an interactive voice system. However, the
generation of the randomization sequence was not mentioned. During the second phase
of the trial, when patients were instructed to take the maximum dose of the respective
statin, the details regarding the concealment of allocation of the randomization sequence
was not mentioned.

Performance
Bias

Double-blinding methods employed (i.e., subject and all
working with the subject or subject’s data) and achieved
Reasonable intervention and reasonable comparator used
(e.g., placebo)
No bias or difference, except for what is under study,
between groups during course of study (e.g., intervention
design and execution, co-interventions, concomitant
medication use, adherence, inappropriate exposure
or migration, cross-over threats, protocol deviations,
measurement methods, study duration, etc.)

Although the study claimed to use double-blinded methods, the process was not
explained in detail. Thus, the claim of the study being double-blinded is unclear. In
particular, the study did not provide information regarding how the clinicians were
blinded.
The study did mention that use of any lipid-lowering medication was prohibited during
the study.
Since rosuvastatin 40 mg is inherently more potent than atorvastatin 80 mg, the
comparison is biased toward rosuvastatin having the more lipid lowering effects. Also,
although the study mentioned that patient adherence to the medication was assessed,
the process by which this was done was not mentioned.
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Attrition
Bias

Zero or minimal missing data points or loss from
randomization (e.g., approximately 5% with differential
loss, or approximately 10% without differential loss)
unless good ITT analysis (see ITT below)

1578 participants were present at the start of the trial, and only 1039 participant (65.8%)
remained. However, the authors did state that the patients remaining at the end of the
trial did not differ in terms of their baseline characteristics.

Assessment
Bias

Assessors are blinded

According to the study, a clinical events committee was designated to adjudicate
cardiovascular events at a central location. This committee did not also did not know the
treatment assignments of the patients. The data pertaining to the 34.2% of the patients
that did not complete the study was not accounted for.

Low likelihood of findings due to chance, false positive
and false negative outcomes (judgment call on statistical
significance, including confidence intervals)
Non-significant findings are reported, but the confidence
intervals include clinically meaningful differences
Intention-to-Treat Analysis (ITT) performed (all people are
analyzed as randomized + reasonable method for imputing
missing values which puts the intervention through a
challenging trial or reasonable sensitivity analysis)
Use of modeling only with use of reasonable assumptions
Usefulness
Assessment

Clinically significant area + sufficient benefit size
= meaningful clinical benefit (consider efficacy vs
effectiveness)

See conclusion.

External
Validity

How likely are research results to be realized in the real
world considering population and circumstances for care?

Rosuvastatin 40 mg is not as commonly prescribed. Therefore, clinical relevance of this
study may not be as significant. Further, the study excluded patients with certain co-morbid
conditions such as left ventricular dysfunction, heart disease requiring surgical intervention,
and uncontrolled hypertension. These patients may be more at risk for cardiovascular
conditions, which makes clinical applicability unclear. Also, the study mentioned that
rosuvastatin resulted in higher rates of proteinuria. Proteinuria itself is associated with
increased cardiovascular events, which may counteract the beneficial effects of rosuvastatin.

Review n, inclusions, exclusions, baseline characteristics
and intervention methods ? this is a judgment call.
Patient
Perspective

Consider benefits, harms, risks, costs, uncertainties,
alternatives, applicability to which patients, adherence
issues, potential for abuse, dependency issues and patient
satisfaction

The clinical outcome of using either medication, rosuvastatin or atorvastatin, was similar
in terms of cardiovascular events. However, the rosuvastatin had a higher incidence of
proteinuria, and this adverse effect might impact renal patients especially.

Provider
Perspective

Satisfaction, acceptability, likely appropriate application
and actionability (e.g., FDA approval, affordability, external
relevance, circumstances of care, able to apply, tools
available)

Due to the limitations described above and the lack of clinical application, this study does
not provide ample evidence that rosuvastatin is more efficacious than atorvastatin in
terms of reducing cardiovascular effects.

*Chart taken from the DelﬁniGroup,LLC. Short Critical Appraisal Checklist: Updated 02/19/08
Use of this tool implies agreement to the legal terms and conditions at www.delﬁni.org. © Delﬁni Group, LLC, 2006-2008. All Rights Reserved World Wide.

in both groups. Also, a signiﬁcant
number of the patients in SATURN
(34.2 percent) were unaccounted
for, making the results presented
unreliable. The rosuvastatin group
also had higher number of patients
with proteinuria, and proteinuria
itself can lead to cardiovascular
complications.

Overall Grade: B-U
Study quality is such that it
appears likely that the evidence is
sufﬁcient to use in making health
care decisions. However, there are
some study issues that raise continued uncertainty. Health care decision-

makers should be fully informed of
the evidence quality

Delfini Comment
The SATURN trial as noted in the
above critique contains signiﬁcant
threats to validity. But even if it didn’t,
it would be very difﬁcult to determine
how to apply the study ﬁndings to
patient care. The primary endpoint of
percent atheroma volume as measured by intravascular ultrasound was
not signiﬁcantly different in the two
drugs. Useful information would
require huge, long-term trials reporting
differences in cardiovascular outcomes such as myocardial infarction

and mortality. This is an example of
a clinical trial that provides difﬁcultto-use surrogate outcome information. Comparing drugs with different
lipid-lowering potencies is problematic
when lipid-lowering is one of the outcomes. Another difﬁcult-to-interpret
safety signal was the higher incidence
of proteinuria in the rosuvastatin group
(3.8%, vs. 1.7% with atorvastatin; P =
0.02). In summary, the SATURN trial
reports intermediate marker results
that are difﬁcult to interpret and
weakened by threats to both internal
and external validity. The likely result
of this trial is to add additional time
for healthcare professionals to try and

www.cpha.com | SUMMER 2012 | CALIFORNIA PHARMACIST

39

explain what these ﬁndings mean to
themselves, their patients and their
colleagues.
About the Authors
Genene Salman, PharmD is a
clinical pharmacist on Surgery Unit at
Riverside County Regional Medical
Center. Michael E. Stuart, MD and
Sheri A. Strite of Delﬁni Group are

experts at systematic literature
reviews. The chart template is
adapted from “Delﬁni Group, LLC,
Short Critical Appraisal Checklist: U.”
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Delfini Evidence Grading Scale
Grade A Evidence: Useful

The evidence appears strong and sufﬁcient to use in making health care decisions - no signiﬁcant threats to validity were ascertained.

Grade B Evidence: Possibly Useful

The evidence appears potentially strong and is probably sufﬁcient to use in making health care decisions - some
threats to validity were identiﬁed

Grade B-U Evidence: Possible to uncertain usefulness

The evidence might be sufﬁcient to use in making health care decisions; however, there remains sufﬁcient uncertainty that
the evidence cannot fully reach a Grade B and the uncertainty is not great enough to fully warrant a Grade U. Health care
decision-makers should be fully informed of the evidence quality.

Grade U Evidence: Uncertain

There is sufﬁcient uncertainty that caution is urged regarding its use in making health care decisions. Delﬁni does not
use such information to inform clinical decisions regarding efﬁcacy.
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University
Reports
Business Model
University of the Pacific
By Scott Harada, CPhA Board of Trustees Representative
Paciﬁc has really stepped it up in
the last few months, hosting a large
number of health fairs for the local
community. The student body has
also taken the initiative to reach out
to local legislators to pass legislation
promoting our profession.
Earlier this year, students organized
a local barbershop health fair which
was so successful that the Black
Barbershop Health Outreach Program
decided to join forces with Paciﬁc to
host a state-wide health fair at barbershops on May 12.
Stockton’s biggest carnival is the
Asparagus Festival. Student Niki
Saqueton said, “CSHP-Paciﬁc partnered with CSHP Central Valley to provide health care screenings to the local
Stockton community by reaching out
to them at the Asparagus Festival. It is
a great opportunity for patients to get
screened at one of Stockton’s largest
events and for the student pharmacists
to practice the skills they’ve learned in
the classroom.”
A total of 388 blood pressure, 443
blood glucose and 138 cholesterol
screenings were performed by UOP
students along with local pharmacists.
Every year, the Children’s Awareness Committee hosts a carnival for
about 200 students from Stockton to
learn about health and nutrition. Student volunteer Melissa Jimenez said,
“Since this was the kids’ only ﬁeld trip
for the year, they were very excited to
visit UOP campus. The CAC carnival
was a huge success because not only
was it educational for the children but
they had fun while learning.”
On May 6, the sisters of Lambda
Kappa Sigma hosted an open Hygeia
Health Fair where local residents,
particularly the elderly, were welcome
to free blood pressure, cholesterol,
diabetes and bone density screenings
at the First Baptist Church.
Paciﬁc this year has taken off and is
proving to be a powerful advocate for
the profession of pharmacy. Starting

with CPhA/CSHP Legislative Day and
Health Fair on March 20, we were able
to voice opinions on three bills advocating for pharmacists, including the CLIA
waiver bill, PBM audit bill and reducing
medication errors in hospitals (AB 377).

On April 26, 100 students, three
guest speakers – Dr. Jason Bandy,
Dr. Eric Gupta and Dr. Philip Swanger
– and assembly member representatives for Cathleen Galgiani and Alyson
Huber attended the student-hosted
CPhA & CSHP dinner. Because of
this event and our inspiring speakers,
our assembly representatives have
agreed to soon visit a health fair to
see just how much pharmacists can
provide our community. As Dr. Gupta
said, “Pharmacists are society’s No. 1
underutilized resource,” and by showing legislators just what we are capable of, we can progress the movement
of our profession.
From March 9-12, Paciﬁc students
attended the APhA-ASP Annual in New
Orleans. Students attended seminars
and workshops to better their professional knowledge on both pharmacy
and leadership. With support from our

sponsors, we would like to proudly
announce that University of the Paciﬁc
has taken home the Chapter Policy &
Legislative Award from the APHA-ASP
board for 2010-2011. Thanks again for a
wonderful and successful year! It really
has been a blessing and a privilege to
attend this conference and I can’t wait
for next year.
Lastly, we would like to present
the Paciﬁc Family Health Fair, held
March 4 at St. Luke’s Catholic Church
in Stockton. This was one of our biggest health care outreach events, with
more than 600 attendees presenting
60 health care booths. The Thomas J
Long School of Pharmacy teamed up
with Paciﬁc’s dentistry school, school
of education, school of physical therapy
and department of speech-therapy. In
addition, the university worked with
valley optometry, CSU Stanislaus and
the SJ AIDS Foundation to provide
auditory, vision, bone mineral density,
BMI, dental and blood glucose tests.
Scoliosis, blood pressure, cholesterol,
AIDS and nitric oxide screenings were
also provided. With such an impressive turnout, it is no wonder Stockton
mayor Ann Johnson visited, alongside
a news reporter, and was featured on
local television with student Tina Tran.
These last few months have been
nothing short of exceptional and
these items are only a small sampling
of events the university has put on.
We hope you enjoyed hearing about
our activities and are inspired by our
progression.
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USC
By Daniel Kudryashov, CPhA Board of Trustees USC Representative
USC School of Pharmacy students
ended spring semester on a very
active note and sustained their level of
involvement over the summer. After
bringing home several regional project
awards from the APhA Annual Meeting
and Exposition in NOLA, USC students
became actively involved with legislative advocacy. The American Pharmacy
Student Alliance at USC (APSA – an
umbrella organization representing
APhA, CPhA, ASHP, CSHP and
IPSF) sent a delegation of 15 student
pharmacists to Sacramento to partake
in the joint CPhA/CSHP Legislative
Day held on March 20. Our student
delegation was able to reach out to
12 Assembly members or their staff
to express support for S.B. 1195, S.B.
1481, and A.B. 377. The lobbying did
not end in Sacramento, however, as
within a month of the Legislative Day,
APSA and the student NCPA chapter
at USC collaborated to hold a Legislative Week. Throughout the last week
of April, representatives from the two
organizations rallied support of close
to 120 fellow student pharmacists
and contacted their elected ofﬁcials
supporting S.B. 1195, S.B. 1481, and a

number of federal bills pertinent to the
practice of pharmacy.
USC School of Pharmacy is known
for the free health services it provides
to the community, and the numerous
health fairs organized by the students
attest to that. One was held during the
Annual LA Times Festival of Books at
the USC University Park Campus on
April 21. The Festival of Books, which
draws more than 150,000 attendees
every year, was an excellent opportunity to host a health fair to beneﬁt
the community and to showcase our
patient care efforts.
The patient care projects did not
end with the spring semester. Summer was jumpstarted with a medical
mission trip by SNPhA students to
Tijuana aimed at providing free medical
care to the poorest regions of the city.
Summer also saw the continuation of
the Smoking Cessation program as a
10-week long service to the underprivileged community of downtown LA.
This safety-net clinic program allows
student pharmacists to have the opportunity to impact lives and healthcare
costs through weekly counseling and
monitoring of nicotine replacement

USC pharmacy students Arthur Librea, Bonny
Chan (left), and Saleema Kapadia (right) with
USC president C.L. Max Nikias with wife
(center) at the annual LA Times Festival of
Books at the USC campus. Photo credit:
Steve Cohn.

therapy. In addition, the USC studentrun clinic, PharmSC, has continued
its work with the Braille Institute in
coordinating several medication review
sessions with blind or visually impaired
participants in the month of July.
Speaking of patient care projects, USC
School of Pharmacy was honored to be
the recipient of all three CSHP Student
Chapter Community Service Project
Awards, which include Asthma Education, Tobacco Cessation and Poison
Prevention Awareness projects.
Saving the best for the last, our students were delighted to hear that the
USC School of Pharmacy was awarded
a $12 million health innovation grant
from the Centers for Medicare and
Medicaid Services (CMS). This grant
will be used for a project to involve
more pharmacists in improving medication adherence to optimize health
results, while reducing preventable
emergency visits and hospitalizations in
the low-income populations of Southern California.

Western University
By Sarah Hernandez, CPhA Board of Trustees Representative
WesternU had a series of exciting
events this spring, beginning with the
APhA 2012 Annual Meeting in New

Orleans. At APhA Annual, students
were given the opportunity to network
with students and pharmacists nation-

Event: APhA Annual in New Orleans, March 11.
From Left to Right: Top row- Nicole Hirashima,
Sangeeta Salvi, Rosie Iskanian, Katie Yomen,
Samuel Bonilla, Jennifer Turcios, Suluck
Chaturabul, John Flores, Stephanie Wu, Una
Lee, Jeff Dai, Danny Tang, Erica Yoo, Thomas
Schuetz. Bottom row- Linda Danh, Jennifer
Borna, Keerun Mustafa, Sarah Hernandez,
Maureen Ngo, Salinna Uy, and Alana Zapata.

Event: CPhA/CSHP Joint Legislative Day,
March 20, Sacramento.
From Left to Right: Top Row- Johnny Lee,
Thomas Schuetz, Jeff Dai, Dr. Eric Gupta, Dr.
Karl Hess, Michael Aja, Dr. Sam Shimomura,
Professor Roger Klotz. Bottom Row- Ranjit
Sidhu, Suluck Chaturabul, Sarah Hernandez,
Abigail Arguijo, John Flores, Natasha Gonzalez,
and Bernadet Vardeh.
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wide and seek career information and
leadership development at several
different lectures. Each chapter voted
on important APhA bylaws, which set
the tone for APhA goals and the future
of the profession.
Later in March, both the CPhA
and CSHP WesternU chapters came
together and allowed several students
to travel up to Sacramento on March
20, where students learned, in a
hands-on way, about the legislative
process. First, students networked
with many big names in pharmacy and
were given a brief lecture on how a
bill becomes law by California Hospital
Association Deputy Chief Legislative
Advocate Connie Delgado. CSHP’s

EVP/CEO Dawn Benton and CPhA’s
CEO Jon Roth addressed the gathering
of more than 200 pharmacists, student
pharmacists and pharmacy technicians
and emphasized the three bills we
discussed with the legislators.
The keynote address was delivered
by the chair of the Assembly Business,
Professions and Consumer Protection
Committee, Assembly Member Mary
Hayashi. The students talked with several legislators about the bills in question and gave opinions. It was a really
great opportunity to actively shape the
future of pharmacy while showing a
united front to the rest of the pharmacy
community and to legislators in the
capitol. We hope this will become a
long-standing tradition and an example
for other pharmacy organizations.
Our WesternU chapter held the
second annual Inter-professional Health
fair, sponsored by Target, on April 14.
This unique health fair brought together
the school as a whole by offering services from several different WesternU
colleges to the residents of Pomona.
Together, 200 student volunteers from
WesternU provided patients with blood
glucose screening, blood pressure
screening, BMI screenings, eye health
and vision checks, as well as vouchers
for free glasses, bone density scanning, osteopathic manipulative therapy
and medication counseling.
Patient care project teams such as
Operation Heart, Operation Immunization, Generation Rx, Operation Diabetes, Heartburn Awareness and Project
CHANCE put up educational posters
and spoke with patients about easy
ways to improve health and prevent
disease. We also held a few impromptu
Zumba dance sessions to get patients
moving and exercising. Overall, 260
patients were provided services and
we hope to continue this partnership
with Target to serve the local residents.
After an incredibly busy and successful year, the WesternU chapter is
looking forward to a restful summer.
As most students go home or out
of town, we won’t be hosting many
events, but we plan on coming back
in full force in the fall to help ﬁrst-year
students get a running start in their
pharmacy career.

UCSF
By Kanizeh Visram, CPhA Board of Trustees UCSF Representative
Due to the conﬂict with ﬁnal
exams, many of the UCSF pharmacy
students were unable to participate in
the 2012 combined CPhA and CSHP
Legislative Day at The Capitol. To provide our students with an opportunity
to learn about policy, advocacy and
the legislation process, student leaders from the various pharmacy campus organizations worked together in
creating a similar Legislative Day on
campus. From past experience we
have observed that many students
often shy away from being involved
in policy because they are unfamiliar with the legislation process. By
organizing The Legislative Day on
campus, we hoped to educate our
students and promote enthusiasm
about policies impacting the practice
of pharmacy.
As part of our Legislative Day
program, we invited to campus
Brian Warren from CPhA and Phillip Swanger from CSHP who 1)
Educated our students on how to
professionally communicate and
contact legislators; 2) Discussed
about the success of past and current
legislations; and 3) Informed students
about the different ways they can
get involved and promote change.
Students were also very interested
to learn about the legislation process
and the various phases the bill passes
through until it becomes a law.
In addition to organizing The
Legislative Day on campus, we
also created an elective opportunity
which included projects involving
writing letters to legislators, following up on a bill and advocating for
speciﬁ c legislations with the aim of
expanding the students’ skills and
experience in the legislative process.
From previous years we have found
the legislative elective opportunity
to be especially vital for student
pharmacists, especially as ﬁ rst
years, who may be unfamiliar to the
advocacy aspect of the pharmacy
practice. The elective gives students
the chance to voice their opinions,

Left to right: Students - Amanda Sugay, Ben
Parcher, Michael Blatt

Left to right: Professors Lori Rice and Helene
Lipton

develop critical thinking skills, work
through legislative decisions and
understand the role of pharmacists
in the legislation process. The
students who were involved in the
elective presented the projects they
had been working on at the end of
the spring quarter banquet. Some
of the topics discussed included:
recognition of pharmacists as health
care providers, bringing certain
drugs example asthma medications
over-the-counter, creating a national
registry for pharmacy practice experiences, reviewing SB 1481 bill that
would give pharmacists the opportunity to perform speciﬁ c laboratory
tests without requiring additional
licensing.
The Legislative Day and elective
was a great success sparking interest
and excitement amongst our students,
faculty and attending lobbyists. We
hope to continue the annual legislative
elective at our campus with the aim
of keeping students up to date on the
current legislations and how they can
get involved at the student level.
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On the Lighter Side...

A Summer Half-Helix Sale
By Barry Pascal, PharmD,
Humorist, Satirist,
and All-Around Nice Guy

There is no question drug therapy can be inﬂuenced or even
optimized by the impact of genetic variation. How many times have
we retail pharmacists seen one patient calmly say “Thank you so
much for all your help” at the counter while paying $559 for their
30-day prescription and another patient yell and scream because
there is a $7 co-pay on a 90-day script? This is obviously genetic
variation inﬂuencing the drug therapy process.
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Various issues affect the complicated relationships between therapy
and genes. Many articles in this
current issue of the Journal have
outlined the complexities of these
relationships. However, I would like
to address the forgotten and never
discussed issue that undermines all
of our pharmacy interactions.
Retail pharmacy is letting pharmacy slip away. We are not standing
up for ourselves or taking advantage
of the many opportunities that present themselves. It would serve no
purpose to rehash the past, so I will
focus my attention on the future.
Pharmacogenomics and us.
Retail pharmacy is about to lose
another one if we do not act at once.
Genes belong in pharmacy. Do not
let them take it away from us. We
have already lost Levis, Calvin Klein
and overalls. Do not let these genes
slip away!
Send a letter to the FDA at once.
Pharmacy should be collecting,
dispensing, retailing and warehousing genetic entities. In our retail
stores we have the infrastructure,
the expertise and the refrigerators
needed to handle these products.
Not only that, we are the only ones
that can innovate, advertise and
promote an “It’s in the Genes”
campaign.
We can offer a multitude of genetic
retail promotions. A deposit and collect promotion would be perfect for
our senior population. Half-off sales
would be ideal for summer offerings.
And our “Don’t Settle For SecondBest DNA” would make a spectacular
wedding gift presentation.
Young newlyweds would also
beneﬁ t from our “Genes … Don’t
Make the Same Mistake Your Parents Did” offering, and counter cards
could promote the “Ask the Pharmacist … Quality Genes Are Finally
Here” educational campaign.
Working with dermatologists
and psychiatrists would improve
the number of expensive high-end
genetic prescriptions. Exclusive
genetic material from George
Clooney or Angelina Jolie or Cary
Grant would have to be kept under

Reader Comments
“Barry, I am discontinuing my work on relativity and
joining you,” renown physicist, Dr. Albert Einstein
“Dr. Pascal, I may have extra genes you can use,”
voluptuous actress, Jane Mansﬁeld
“Dear Sir, I intend to sue you for patent infringement,”
jeans manufacturer, Levi Strauss & Co.
“Barry, I never met a gene I didn’t like,” humorist and
actor, Will Rogers
lock and key and probably with the
Class IIs.
Lifestyle genes would ﬂ y off
the counter – frugal-spender genes
for students trying to impress their
parents, extravagant-spender genes
for divorcees trying to get lucky
on dates, or making-an-impression
genes for that late-night bar scene.
End cap displays would promote
healthier lifestyles with new organic
genes, or muscular genes for those
who want to improve their workouts,
and sports or marathon genes for
those trying to shorten training times.
Patients could improve their skin
with gene-laden cosmetics creams,
or improve their physique and assets
with Marilyn Monroe genetically
enhanced ointments, not to mention the Michael Phelps genetically
infused Olympic waterproof sunscreens.
But the real pharmacy windfall
would occur with our compounding
pharmacy comrades. You can just
imagine what they could create if let
loose on this segment of our secundum artum. Just imagine – a pair of
gene-infused jeans, therapeutic genetic
charm bracelets, or even iPads with

genetic-recognition touch screens. The
future is in our DNA, so to speak.
For medical building retail outlets
a “Name A Gene” contest for the
patients and for the medical staff
would make a great elevator advertising promotion. And clinics would
create hormonal programs offering
much needed genetic combinations
and drugs such as Gene-agra, Genealis or Le-gene-vitra.
Pharmacy, please don’t drop the
DNA. Get moving and put a big “RX”
in that spiral polymer of nucleic acids
guaranteeing our rightful place in medicine’s gigantic double helix future.
Watson and Crick would be proud.
About the Author
Pharmacist Barry Pascal owned
Northridge Pharmacy for 32 years and
is now semi-retired. If his alarm clock
works in the morning he can be found
a few days a week at Pro Pharma
Pharmaceutical Consultants eating
doughnuts. He was also either the
honorary mayor or honorary sheriff of
Northridge from 2003 to 2008. He can
be contacted most nights wandering
along Wilshire Boulevard looking for
genes that glow in the dark.

Disclaimer – This article does not contain any factual data or information; however,
neither does Congress. This article serves as a test for the CPhA to see if anyone is reading
the Journal. Of course, CPhA, and/or any of the advertisers will not endorse any of the views,
opinions, or representations presented here unless it can be shown to increase their bank
accounts. Once again, this article, although very interesting and extremely entertaining, is
nothing but ﬁction and fantasy and no ﬁnancial decisions should be made using the data
presented. Past performance will not guarantee future returns.
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Membership Benefits
Protect Your Most Important Asset
Your ability to earn an income!
Too often, members get caught up
in making sure they have insurance
protection for their businesses – the
right professional liability policy that
protects them in their scope of practice, the right workers’ compensation
policy and a comprehensive employment practices policy to help protect
them against discrimination and thirdparty liability exposures. But when
you ask if they protect their most
important asset – their ability to earn
an income – the answer is usually no.
If disabling injury or sickness were to
strike, how would you replace income?
Give thought to your income needs
as well as eligible beneﬁts from your
employer, the government or other
programs. Consider additional savings
or family resources, including a spouse’s
salary, short-term emergency savings, investments or help from family.
If the total is not enough to pay living
expenses on a long-term basis, or if a
disability would eat away at your retirement savings or a child’s college fund,
a long-term disability income insurance
policy may be what you need.
The California Pharmacists Association sponsors a group long-term

disability insurance program underwritten by United States Life Insurance Company in New York City and
administered by Marsh/Seabury &
Smith Insurance Program Management. If you’re less than 50 on the
effective date of coverage, you may
apply for beneﬁts up to $10,000 per
month. If you are between 50 and 59
on the effective date, you may apply
for up to $6,000 monthly. The amount
you choose cannot exceed 60 percent
of your basic monthly pay.
You may select a beneﬁt period
for disabilities resulting from injury
or sickness. You can choose either
the Two Year Plan, which provides
beneﬁts for total disability due to
an injury or sickness for up to two
years; or the Long Term Plan, which
provides beneﬁts for total disability
due to an injury or sickness up to your
normal retirement age – 12 months, if
total disability begins on or after age
64 but prior to 70.
For more information, including
costs, exclusions, limitations and
terms of coverage, or to request a
quote, call a Marsh Client Service Representative at 888-926-CPhA.

Pharmacy Law Specialists
Law Ofﬁces of Brown & Brown
Donald B. Brown ~ Adam B. Brown

(310) 792-1315

DONALD B. BROWN
ADMITTED 1952

FREE INITIAL OFFICE CONFERENCE

Judge, Pro-Tem, L.A. Muni. Court,
Arbitrator, L.A. Superior Court

www.brownlawofﬁces.net
Fax: (310) 792-0691
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Get More Face Time with Your Patients
Cerner Etreby increases your efficiency so you can focus on patients
Even in the age of digital health, you still want one-on-one time with
your patients. Cerner Etreby Pharmacy Management System software
streamlines your pharmacy functions and increases your productivity,
freeing you to attend to your patients.
Whether you have a community pharmacy, chain or health system retail
operation, Cerner Etreby solutions configure to your business needs.
Make the move to the proven and progressive technology company
that’s been perfecting pharmacy software since 1982. For information
call 800.292.5590 or email info.etreby@cerner.com.

Visit cerner.com
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Today, thousands of independent Good Neighbor Pharmacy members
enjoy the power of volume purchasing, scaled services and best
practice solutions from AmerisourceBergen® Drug Corporation.
We provide pharmaceuticals, business support and consulting
services to help our participating pharmacists focus on their
most valuable strength — caring for their patients.

Please call us at 877.892.1254 or visit
www.AmerisourceBergenDrug.com today to learn more.

