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Pharmacogenomic substudies of randomized ... ..

controlled trials: consideration of safety

outcomes

Michael J. Sorich, Andrew Rowland and Michael D. Wiese

Although the definitions of personalized medicine
and pharmacogenomics vary, most include the
potential to better utilize biological characteristics
(e.g. genetic variation or gene expression) of an
individual to improve the selection of the most
appropriate medicine and/or dose for treating that
individual. Within this context, the goal may be to
improve therapeutic response, decrease adverse
effects and/or improve cost effectiveness.
However, despite the clear potential, clinical
translation of pharmacogenomics into routine
medical practice has been slower and less exten-
sive than had been generally anticipated.

Many reasons have been proposed for the poor
clinical translation, and in reality it is likely due to
a variety of reasons. However, one factor that
appears to be of particular importance is the
strength of evidence underlying claims of signifi-
cant clinical utility of a given pharmacogenomic
marker. That is, there is a growing expectation
that prior to any substantial use of a pharmacog-
enomic marker there should be high quality evi-
dence that the use of the pharmacogenomic
marker will result in a significant improvement in
health outcomes. Such evidence also forms the
basis for high quality estimates of the cost effec-
tiveness of introducing the pharmacogenomic test
(see review, for example, by Sorich and colleagues
[Sorich er al. 2013c]) — an assessment that is criti-
cal for funding a pharmacogenomic test in many
healthcare systems [Deverka, 2009; Flowers and
Veenstra, 2004].

Over the past 5 years there has been increasing
discussion regarding what constitutes different
levels of evidence for a pharmacogenomic marker
and what level is required prior to routine use
[Altman, 2011; Andre ez al. 2011; Patterson ez al.
2011; Simon et al. 2009; Teutsch ez al. 2009].
Following the standard evidence-based medicine
philosophy, prospective randomized controlled

trials (RCTs) with appropriate clinical outcomes
will provide the highest level of evidence for the
clinical value of a pharmacogenomic marker. This
presents an important dilemma as such studies
are very uncommon for pharmacogenomic mark-
ers. The reason for this is not surprising — pro-
spective RCTs that are well powered to detect
important clinical outcomes are generally very
expensive to undertake.

One example of an RCT where participants were
randomised to use of a pharmacogenomic marker
was with the antiretroviral abacavir. Abacavir was
plagued by hypersensitivity reactions in up to 6%
of treated patients, and in this study screening for
the HLA-B*5701 allele eliminated these hyper-
sensitivity reactions [Mallal er al. 2008]. Prior to
this trial the association between HLA-B*5701
and abacavir hypersensitivity had been identified
by two independent groups and observed in sev-
eral noncontrolled environments, but retrospec-
tive methodologies, lack of control populations
and racial diversification, small sample sizes and
issues of overdiagnosis had led to uncertainty
about its clinical utility.

Whilst this is a success story for pharmacogenom-
ics, it is noteworthy that this study was supported
by the manufacturer of abacavir. As in this case,
the pharmaceutical industry can potentially
develop evidence of a pharmacogenomic marker,
but this will generally only occur for patented
drugs where is there is clear strategic value in pre-
dicting variability between individuals (e.g. to
achieve a higher price for the pharmaceutical or
improve its competitiveness against alternative
pharmaceuticals) which outweighs the reduction
in market size [Davis et al. 2009]. Although such
studies are the standard required for drugs prior
to registration and clinical use, it seems unlikely
that this will translate seamlessly to pharmacog-
enomics as the profitability of pharmacogenomic
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markers is likely to be substantially less than that
of a pharmaceutical agent. Although there are a
vast number of pharmacogenomic markers that
could be trialled, there is little incentive for the
manufacturer to conduct these studies and it is
unlikely that public funding will be sufficient for
even those that, based on the results of observa-
tional studies, are prioritized as most promising.

Thus, it also not surprising that the vast majority
of evidence developed for pharmacogenomic
markers is at a much lower level of evidence. Much
of the existing evidence comes from observational
studies (often without all the control groups of
interest), or studies with surrogate outcomes. It is
often difficult to clearly evaluate clinical utility and
cost effectiveness of pharmacogenomic markers
using observational data [Khoury, 2010; Simon
et al. 2009; Sorich er al. 2013a; Teutsch et al.
2009]. The use of observational data has only
occasionally led to robust associations between
pharmacogenomic markers and adverse drug
reactions — notable examples include the associa-
tion between HLA-B*5801 and severe cutaneous
adverse reactions with allopurinol [Hershfield
etal. 2013] and HLA-B*1502 and Stevens Johnson
Syndrome/toxic epidermal necrolysis with carba-
mazepine [Leckband er al. 2013].

One of the most promising approaches to emerge
in recent years is pharmacogenomic substudies of
RCTs [Patterson ez al. 2011; Simon ez al. 2009].
These are essentially conventional RCT's that are
subsequently re-analyzed to assess whether a
pharmacogenomic marker influenced the
response to treatment. Evidence from a pharma-
cogenomic substudy has a number of favorable
characteristics, including comparison of treat-
ments, randomized treatment allocation and
blinded follow up of clinical outcomes. The retro-
spective nature of the genetic analysis for such
studies means that they can be conducted rela-
tively quickly and inexpensively, but this also
places certain limitations and potential threats to
validity. It has been proposed that under certain
circumstances they may be considered level 1 evi-
dence [Patterson ez al. 2011].

The analysis, approach and associated caveats are
generally very similar to the traditional subgroup
analyses that accompany most RCTs [Assmann
et al. 2000; Sun ez al. 2010]. Subgroup analyses
typically suffer from the risk of false positive
results due to multiple hypothesis testing and
poor reporting of which subgroup hypotheses are

prespecified and which are post hoc exploration.
The relatively recent advent of cheap micro-array
technology to determine thousands of genetic
variants further adds to the potential for multiple
hypothesis testing and false positive results.

False negative results are also an issue as most
RCTs are not sufficiently powered to detect dif-
ferences in treatment response between sub-
groups. Thus, the availability of more than one
pharmacogenomic RCT substudy answering the
same clinical question is often required to con-
firm a finding or provide sufficient power to detect
a meaningful difference.

In addition, RCTs are often primarily designed
to assess the therapeutic effects of drugs, with
identification of adverse effects being secondary.
This influences both the consideration of power
to detect safety events and the subsequent report-
ing of safety outcomes in publications of the
RCT. There is a similar trend with respect to
pharmacogenomic substudies which generally
focus on whether a pharmacogenomic marker
influences the efficacy of a drug. RCTs are often
underpowered to detect many serious but rare
adverse effects of drugs, and this is compounded
by the availability of only a subset of the trial par-
ticipants in the pharmacogenomic substudy.
Additionally, it must be considered that the
power to detect differences in efficacy between
subgroups is generally lower than the power to
detect an overall effect of a drug. Thus, for rare
but serious safety concerns, pharmacogenomic
substudies of RCTs are not likely to be suffi-
ciently powered unless there are multiple RCTs
than can be combined in a meta-analysis.

An additional issue that is specific to pharmacog-
enomic substudies is the risk that the substudy
cohort used to assess the pharmacogenomic
marker is representative of the overall trial cohort.
Generally, only participants that have explicitly
consented to the optional collection of a biologi-
cal sample (e.g. blood or tissue) are available for
subsequent pharmacogenomic analysis. In some
cases only participants from certain sites (and
therefore potentially limited ethnic groups) are
offered the opportunity to provide a biological
sample. In general, the smaller the proportion of
the RCT included in the pharmacogenomic sub-
study, the greater the potential for bias.

A relevant pharmacogenomic substudy may not
be possible for many pharmacogenomic markers
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of interest. Older drugs (e.g. carbamazepine or
allopurinol) may not have an RCT which has
archived biological samples available to enable a
pharmacogenomic substudy. It is also unlikely
that a relevant RCT will be available to retrospec-
tively assess markers which are proposed to guide
the dose of a drug. In general, pharmacogenomic
substudies of RCTs are more likely to be useful
for questions of whether a pharmacogenomic
marker can help select the best drug.

Three recent examples of pharmacogenomic sub-
studies of RCTs are highlighted. These involve
relatively common safety outcomes; bleeding
resulting from use of clopidogrel, hypertension
resulting from drugs targeting vascular endothe-
lial growth factor (VEGF), and myopathy result-
ing from use of some statin drugs.

Carriage of a loss-of-function (LLoF) allele for the
CYP2C19 enzyme (primarily the CYP2C19*2 or
CYP2C19*3 alleles) has most commonly been
assessed as a potential predictive marker of thera-
peutic response to clopidogrel therapy [Holmes
et al. 2011; Mega et al. 2010; Sorich er al. 2013b].
CYP2C109 is thought to be important in the activa-
tion of clopidogrel, which is a prodrug. Reduced
activation of clopidogrel associated with a
CYP2C19 LoF allele may therefore lead to reduced
risk of hemorrhage in addition to the reduced ther-
apeutic effect. Thus, an assessment of effect on
both adverse and therapeutic effects of clopidogrel
is important to inform the relative benefit and
harms for individuals with and without a LoF allele.
Genetic substudies of the CHARISMA, PLATO,
CURE, ACTIVE A and TRITON 38 trials have
contributed insight into the role of CYP2C19 LoF
alleles on bleeding risk with clopidogrel [Bhatt ez al.
2012; Mega et al. 2009; Pare et al. 2010; Sorich
et al. 2010; Wallentin ez al. 2010]. However, due to
differences in definition of bleeding events between
trials and significant heterogeneity between study
results the relationship remains unclear [Holmes
et al. 2011; Sorich er al. 2012].

Anti-VEGF therapies such as bevacizumab are
useful in the treatment of a number of cancers.
They are high-cost drugs and significant effort has
been applied to identifying a pharmacogenomic
marker that can predict individuals who will and
will not benefit from such therapy [Eng ez al
2012]. A range of pharmacogenomic markers have
been assessed, including VEGF polymorphisms,
and a number of different plasma biomarkers
[Lambrechts ez al. 2013]. Hypertension is the

most common grade 3—4 adverse effect of anti-
VEGTF therapies and as such pharmacogenomic
markers of hypertension risk are also of interest
[Schneider ez al. 2012]. Some but not all pharma-
cogenomic substudies of anti-VEGF RCTs have
included assessment of putative pharmacog-
enomic markers of hypertension [Escudier ez al
2011; Lambrechts ez al. 2012; Schneider er al.
2008]. The secondary consideration of hyperten-
sion outcomes, small subsets of the RCT cohorts
and variability in the definition and recording of
hypertension are barriers to the development and
confirmation of evidence of pharmacogenomic
markers for anti-VEGF induced hypertension.

A polymorphism in a member of the solute car-
rier organic anion transporter family (SLCO1B1)
potentially influences risk of myopathy with some
statin drugs. Pharmacogenomic substudies of the
SEARCH, HPS and JUPITER RCTs have pro-
vided valuable insight into the role of SLCO1B1
and potential differences between different statin
drugs and doses [Danik ez al. 2013; SEARCH
Collaborative Group, 2008]. Although this is a
positive step, research to identify and validate
pharmacogenomic markers of differential statin
therapeutic effect has received much greater
attention. In comparison, at least 10 pharmacog-
enomic substudies of statin RCTs have assessed
markers of efficacy [Ference er al. 2011; Hoffmann
et al. 2011; Maitland-van der Zee et al. 2007].
The low risk of myopathy in RCTs (compared
with observation data of ‘real world’ use) may
partially explain the smaller number of studies
focusing on safety outcomes [Fernandez er al
2011]. This highlights another potential issue in
the use of pharmacogenomic substudies of RCT
to develop evidence for safety outcomes.

In conclusion, the debate around the appropriate
evidence threshold for pharmacogenomic mark-
ers will likely continue for the foreseeable future.
Pharmacogenomic substudies of RCTs will likely
become more common and, for common drug
safety outcomes, these studies may be of value in
validating the clinical utility of proposed pharma-
cogenomic markers. However, pharmacogenomic
substudies of RCTs are unlikely to help the evi-
dence development of rare but serious drug
adverse effects.
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