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The promise, the reality
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Genetic tests to guide warfarin 
dosing could avert 85,000 seri-
ous bleeding events and 17,000 

strokes annually, according to a report 
from the AEI-Brookings Joint Center for 
Regulatory Studies, a Washington, DC, 
think tank. The report further suggests 
that by integrating genetic testing into 
warfarin therapy, American health care 
spending could be reduced by $1.1 bil-
lion annually.1 Unfortunately, the prom-
ise of using genetic testing to guide such 
pharmacological treatment has largely 
gone unfulfilled.2

Case in point: Genetic testing can tell 
us whether a patient is likely to be an ul-
tra-rapid metabolizer of warfarin (and 
need larger doses) or a poor metabolizer 
(and need lower doses), but there are no 
guidelines to tell us how to dose accord-
ingly. International normalized ratios 
(INRs) still need to be ordered and the 
patient will likely have to pick up the tab 
for the genetic test ($250), since Medicare 
and private insurers don’t cover the cost. 
(See “Warfarin: An ideal, but far from 
ready, candidate” on page 622.)

Hints that change may be on the  
horizon. The government—specifically 
the Department of Health and Human 
Services—created the Secretary’s Advi-
sory Committee on Genetics, Health, 
and Society (SACGHS) to assess how ge-
netic and genomic technologies are being  

integrated into health care and to identify 
opportunities and gaps in research. To 
that end, SACGHS issued a draft report 
earlier this year that notes that genetic-
based treatment has “the potential to 
yield significant gains in personal health, 
population health, and cost-effective re-
source allocation.” Among its many rec-
ommendations, SACGHS calls for great-
er collaboration between the public and 
private sectors to expand our knowledge 
of the clinical validity and utility of using 
genetics to guide treatment.3 

A standard of care, potentially. Ready-
ing ourselves for the ways that genetics is 
likely to shape the way we prescribe such 
drugs as anticoagulants, antidepressants, 
and antiarrhythmics requires that we step 
back and assess the progress made so far, 
and the work that still needs to be done 
before genetic testing becomes a common 
occurrence, and perhaps even a standard 
of care. 

z �The goal:  
Avert adverse events

The wide variation in the way differ-
ent people respond to the same dose of 
medications is a major contributor to 
the problem of adverse drug reactions.  
Lazarou and colleagues estimated that 
6.7% of hospitalized patients—over 2 
million patients in the US—experienced 
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an adverse drug reaction and 0.32% 
(106,000) had a fatal adverse drug  
reaction.4

Individual response to medications 
is determined by a host of factors in-
cluding age, environment, other medica-
tions being taken, and genetic differenc-
es in drug absorption and metabolism. 
These genetic differences have spawned 
the fields of pharmacogenomics and  
pharmacogenetics.

Pharmacogenomics is the biotechno-
logical science that combines the tech-
niques of medicine, pharmacology, and 
genomics and is concerned with develop-
ing drug therapies to compensate for ge-

netic differences in patients, which cause 
varied responses to a single therapeutic 
regimen. 

•	� A good example of pharma-
cogenomics at work is the use of 
trastuzumab in addition to chemo-
therapy for breast cancer patients 
who are positive for the human 
epidermal growth factor receptor 
2 (HER2) oncogene.5 

Pharmacogenetics is the branch of 
pharmacology that examines the rela-
tion of genetic factors to variations in  
response to drugs. 

The use of pharmacogenetics to pre-
dict individualized responses to medi-

It would appear that warfarin dosing 
would be a perfect candidate for the 
clinical use of a pharmacogenetic 
test. Studies have shown that about 
7% of the Caucasian population are 
poor metabolizers and at increased 
risk of bleeding from over coagulation 
and 1% are ultra-rapid metabolizers.4 
Despite what we know about the 
polymorphisms to the CYP2C9 
enzyme, which is the primary route 
of metabolism for warfarin, the 
package insert on Coumadin still 
doesn’t contain a recommendation for 
determining a patient’s genetic profile 
before initiating treatment.30 Similarly, 
the chapter on anticoagulation in 
Applied Therapeutics, a commonly 
used medical textbook, says nothing 
about the use of CYP polymorphisms 
for dosing decisions.13

At issue: Genotyping to guide 
dosing has not been tested in 
comparison to the usual monitoring 
using the international normalized ratio 
(INR).31 Specifically, the outcomes of 
bleeding complications and adequate 
anticoagulation of the 2 methods have 

not been compared in a clinical trial. 
Here’s what we do know: In 

one study, the presence of specific 
polymorphisms was associated with 
a lower maintenance warfarin dose, 
but not with over-anticoagulation.32 
In a review of 4 studies on CYP2C9 
polymorphisms and warfarin daily dose, 
Lee and colleagues found that between 
the slowest and fastest metabolizers, 
the difference in dose was, at most, 	
4 mg/day. These studies did not explore 
if dosing decisions could accurately be 
made on genetic classifications and it is 
unlikely they could because of the wide 
overlap in maintenance dosages in the 
different classes.7

To complicate things further, 
the future use of warfarin in some 
conditions is problematic because 
fractionated heparin has been proven 
in many situations to be as effective 
and less risky than warfarin, and does 
not require frequent monitoring with 
blood tests. All of these unknowns 
make it unclear how useful genetic 
tests will be, and whether insurers will 
pay for them.

Warfarin:  
An ideal, but far from ready, candidate

Polymorphisms 
were associated 
with a lower  
warfarin dose,  
but not with over-
anticoagulation
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cations and to prevent adverse drug  
reactions through individualized dosing 
regimens or avoidance of certain medica-
tions hinges on our knowledge of genetic 
polymorphisms, that is, gene-based dif-
ferences in drug absorption, distribution, 
metabolism, or excretion. 

Polymorphisms of the cytochrome 
P450 family of drug metabolizing enzymes 
have been the most extensively studied. 
The names of these enzymes are abbrevi-
ated by using CYP and then a series of 
letters and numbers to describe individu-
al enzymes. The 4 most extensively stud-
ied CYP enzymes are CYP2A6, CYP2C9,  
CYP2C19, and CYP2D6. These 4 metab-
olize an estimated 40% of all drugs; the 
distributions of polymorphisms of each 
vary considerably by race/ethnicity.6–8 

A sampling of medications and class-
es of medications where polymorphisms 
play a significant role in drug metabolism 
is listed in the Table. Three with signifi-
cant potential for prevention of adverse 
drug reactions are the antipsychotics, 
because of the severity of a specific drug 
adverse reaction, tardive dyskinesia;6,9 
warfarin, because of the risk of bleed-
ing complications and its narrow thera-
peutic index;7,10 and chemotherapeutic 
agents because of the serious nature of 
the disease and the potential for tailor-
ing individualized therapies to maximize 
tumor response to medication and to 
minimize adverse reactions of very toxic 
drugs.11

z �Clinical resources reflect 
an information gap 

In spite of the potential for improved 
patient care, there remains very little 
clinical application of pharmacogenetic 
information in primary care practice. 
Zineh and colleagues reviewed prescrib-
ing information in the electronic version 
of the Physicians’ Desk Reference (PDR) 
in 2004 and found that only 76 package 
inserts out of 3382 contained pharma-
cogenetic information.12 In only 25 was 
there enough information to affect treat-

ment decisions. Just 5 inserts mentioned 
that the chance of successful response to 
treatment could be predicted by genetic 
testing, and only one insert mentioned 
that a specific genetic subgroup should 
not take a drug. 

The authors concluded that, general-
ly, the pharmacogenetic information was 
inadequate to guide drug therapy and 
the majority of information was avail-
able for drugs that are not commonly 
prescribed. The FDA is addressing this 
issue by requiring the inclusion of phar-
macogenetic information in package  
inserts more frequently.

Consider, too, the 2005 edition of 
Applied Therapeutics, a commonly used 
medical textbook.13 In it there is no men-
tion of the use of pharmacogenetics in 
managing pharmacological therapies, 
which tells us that very little teaching on 
this topic is going on in medical schools 
and residencies.

But why? Why are clinicians and the 
tools we rely on so out of sync with the 
recommendations and expectations of 
personalized medicine advocates? 

Polymorphisms to these enzymes  
affect drug metabolism

Drug/class	E nzymes 

Antiarrhythmmics7	 CYP2D6

Antidepressants7	 CYP2D6

Antipsychotics6,9	 CYP2D6, CYP1A2, CYP2C19, CYP3A4

Beta-blockers7	 CYP2D6

Cancer chemotherapy11	 Varies by the agent

HMG-CoA reductase 	 CYP2D6, CYP2C9, CYP2C19	

inhibitors (statins)29

Losartan7	 CYP2C9

Neuroleptics7	 CYP2D6

NSAIDs29	 CYP2C9

Phenytoin7	 CYP2C9, CYP2C19

Proton pump inhibitors29	 CYP2C19

Tolbutamide7	 CYP2C9

Warfarin7,10	 CYP2C9

table

The potential is 
great to prevent 
adverse drug  
reactions with 
antipsychotics, 
warfarin, and 
chemotherapeutic 
agents

Personalized medicine
t
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There are 5 likely culprits:
1.	� A lack of clinically useful phar-

macogenetic tests.
2.	� A lack of test standardization and 

availability.
3.	� A lack of coverage by third-party 

payers.
4.	� A low level of physician knowl-

edge about genetic testing.
5.	� A lack of evidence of improved 

outcomes.

z �How useful are  
pharmacogenetic tests?

For a laboratory test to be clinically 
useful, it should provide information 
that will influence a therapeutic deci-
sion. Decisions that could be influenced 
by this information include the dose 
of a particular drug and the poten-

tial use of an alternative because of a  
contraindication or likelihood of a poor 
outcome based on a particular genetic 
polymorphism. 

The use of pharmacogenetic labo-
ratory information can place a patient 
into one of several groups: 

•	� ultra-rapid metabolizers, who 
need a larger dose of medication

•	� normal metabolizers, often called 
extensive metabolizers, who do 
not need dose modifications

•	� poor metabolizers, who need 
lower doses.9 

Most medications have a wide 
therapeutic margin of effectiveness and 
safety. This means that the medication 
works within a wide range of serum drug 
levels and is safe at these different lev-
els, making refinement in dosing based 
on genetic information unnecessary. In 
medications with narrower therapeutic 
windows for effectiveness or adverse re-
actions, there are frequently alternative 
means of drug level monitoring.

In many instances, the genetic test 
predictability of a patient’s actual met-
abolic responses—and resulting drug 
levels—is poor, leading to the need to 
monitor drug levels anyway.14–16 This 
occurs because there is often a great 
deal of overlap in the response to a 
medication dose among the different 
metabolism classifications.9,14,16–18 All 
of these realities have limited the clini-
cal usefulness of pharmacogenetics up 
to this point. 

Test standardization:  
Poised to improve? 
Genotyping, the determination of the 
actual genetic makeup of the patient is 
not always predictive of an individual 
patient’s metabolic response. In other 
words, genotype does not always equate 
to a phenotype. Further complicat-
ing matters is the fact that many of the 
pharmacogenetic studies have been per-
formed at research laboratories and have 
used tests that are not standardized, or 
widely available.19–21 

Certain conditions will need to exist before testing for CYP poly-
morphisms will become the standard of care in dosing certain 
drugs, such as warfarin. (See “Warfarin: An ideal, but far from 
ready, candidate” on page 622.) The most important is that this 
clinical approach needs to be proven superior to existing 	
methods, such as INR monitoring. Should this occur, guidelines 
that are evidence-based will include it as a recommendation, 	
physician continuing education courses will cover it, and it will 	
enter into the curricula of medical schools and residency 	
programs. But the process of adopting new, evidence-based 	
best practices has historically been slow.32–36

One variable that may play a part in facilitating more rapid 
acceptance of genetic testing before warfarin use is litigation. 
Marchant and colleagues describe potential legal pressures that 
may drive medicine to adopt more personalized medicine.37 If 
genetic testing before warfarin use results in better outcomes 
(fewer catastrophic events or very bad outcomes) and there 
is plausible evidence that a catastrophic outcome (massive 
bleeding) could have been avoided with genetic information, then 
litigation will surely be close behind. 

As news of successful litigation spreads, one of two results 
will likely occur: Either the use of the CYP polymorphism testing 
will increase, or the movement to use alternative medications, 
such as fractionated heparin, will accelerate. 

Will litigation be the tipping point? 



fast track

	 vol 56, No 8 / august 2007	 625www.jfponline.com

The recent commercial availability 
of pharmacogenetic tests by well-estab-
lished and reputable laboratories will 
probably improve both standardization 
and availability. 

An example is the AmpliChip 
CYP450 test by Roche Diagnostics.22 
This microassay-based test identifies 29 
CYP-2D6 polymorphisms and 2 CYP-
2C19 polymorphisms. These genes af-
fect the metabolism of 25% of currently 
prescribed drugs. Using this test, patients 
can be classified as poor, intermediate, 
extensive, or ultra rapid metabolizers of 
CYP-2D6 affected drugs, including an-
tidepressants, antiarrhythmics, and anti-
psychotics. They can also be classified as 
poor or extensive metabolizers of CYP-
2C19 affected drugs, including phenytoin 
and proton pump inhibitors. 

How costly?
The cost of genetic testing will also affect 
availability. Tests will be widely available 
only if covered by third-party payers. The 
AmpliChip test costs between $300 and 
$500. Clearly, then, both cost and insur-
ance coverage are issues that impede the 
adoption of pharmacogenetic testing, 
though there is little written about this in 
the medical literature.19,23

z �AAFP explores ways 
to teach genomics

Physicians who are currently in practice 
received little or no training in the clini-
cal use of pharmacogenetics or other 
genetic tests, such as genetic testing for 
the prediction of cancer risk.24,25 The 
main resources of pharmacological in-
formation for practicing physicians do 
not contain much, if any, useful genomic 
information. A recent continuing educa-
tion monograph for family physicians 
on clinical genetics mentioned pharma-
cogenetics only as a promising future 
technology.26 

For its part, the American Academy 
of Family Physicians has formed a ge-
nomics work group and is exploring how 

to educate family physicians on clinically 
useful genomic topics.

z �Evidence-based  
outcomes are needed

To date there has not been a head-to-
head comparison of the outcomes of us-
ing clinical pharmacogenetics with those 
obtained from standard drug level moni-
toring practices. The CDC has formed a 
committee modeled after the USPSTF, the 
Evaluations of Genomics Applications in 
Practice and Prevention (EGAPP), which 
will evaluate the effectiveness of genomic 
clinical tests and make recommendations 
to physicians on their use.27 The group’s 
first report, on the use of CYP450 test-
ing in depression, concluded that there 
is a paucity of good quality data that  
addresses whether testing for CYP450 
polymorphisms in adults entering SSRI 
treatment leads to improved outcomes.28 

In addition, SACGHS, the Depart-
ment of Health and Human Services’ 
Committee, recommends in its draft re-
port that HHS “provide resources to 
identify and address evidentiary gaps 
in the analytic validity, clinical validity, 
clinical utility, and cost effectiveness of 
pharmacogenomics.”3

Outcomes data will undoubtedly 
be key. With it, pharmacogenetic testing 
has the potential to grow by leaps and 
bounds—perhaps even becoming a stan-
dard of care in guiding pharmacological 
therapy. Without it, such testing will re-
main a promising, but as yet unrealized 
advance in personalized medicine. n
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