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Pioneering First Steps and Cautious Conclusions

Francis J. McMahon
Genetic Basis of Mood & Anxiety Disorders, National Institute of Mental Health, National Institutes
of Health, US Department of Health and Human Services, Bethesda, Maryland.

More than half of all depressed patients fail to respond to the first prescribed antidepressant
(1), and physicians have no good way to identify at the start of treatment who is likely to do
well and who is not. The Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) study was undertaken in large part to address this problem. In this issue, Garriock
et al. (2) report the results of the first genome-wide association study (GWAS) in the
STAR*D sample aimed at identifying common alleles that influence response to
antidepressant treatment.

Genome-wide association studies have already taught us much, including some hard facts
we might not have wished to hear. Genome-wide association studies interrogate a substantial
and largely unbiased proportion of the common, single base-pair (single nucleotide
polymorphism [SNP]) variation in the human genome, covering almost all genes and gene
regulatory regions in a single experiment. Genome-wide association studies have offered a
fresh perspective on the genomic landscape of common traits and diseases, a perspective that
would not have followed from studies of candidate genes. For example, novel genes
contributing to type Il diabetes, heart disease, and several cancers have been robustly
identified (reviewed in [3]). Robust findings have also begun to emerge for psychiatric
disorders (reviewed in [4]). One surprising result, observed over a broad range of disease
traits, has been the rather small effect sizes of the identified markers, with odds ratios on the
order of 1.1 to 1.4. This suggests that the genetic component of most common diseases
comprises many genes, each of small effect, that combine to influence individual risk.

While GWAS can be very valuable, the method has important limitations. Owing to the large
number of independent tests performed, very large sample sizes are needed to provide
sufficient statistical power. This fact is driven home by a simple example: in a GWAS that
uses the typical 500,000 markers, chance alone predicts that about 500 will be associated
with the trait at a p < 1073 level, and 5 markers will be significantly associated at a p < 107>
level—all by chance alone! This is why most authorities recommend setting the pvalue
threshold for genome-wide significance at about 7 x 1078, close to a p = .05 after Bonferroni
correction. Such a stringent level of statistical significance can only be achieved when either
sample sizes or effect sizes are quite large. Since large effect sizes have only rarely been
observed for common traits, very large sample sizes, on the order of 2000 to 50,000 cases
and control subjects, are usually needed to assure good statistical power in a GWAS.
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Candidate gene studies do not need to correct for such a large number of independent tests,
so they can have much greater power, although candidate gene studies are limited by the
choice of candidates and difficulty correcting biases that are more easily handled in genome-
wide data.

Numerous confounds may contaminate even genome-wide significant findings in a single
study. For this reason, findings in one sample still need to be replicated in a second or third
sample before they can be considered reliable. This has been achieved for many markers and
many traits already. But one consequence of the power problem is that the reproducible
signals are often not within the top 100 or even 1000 hits in the original study, especially
when that study is based on a limited sample. This means that a premature focus on the top
hits in a single sample may actually distract attention from the true hits.

Pharmacogenetic questions are a promising target for the GWAS method, because response
to many medications appears to be mediated, at least in part, by genetic factors. Previous
candidate gene studies have already identified promising markers of antidepressant outcome
(5-9). Effect sizes often seem to be larger than those detected in disease studies, especially
for adverse events (10-12). Still, the majority of signals will probably be of modest effect
size, so pharmacogenetic GWAS still need quite large samples both for discovery and
replication, often far beyond what is routinely available, especially in psychiatry.

The study by Garriock et al., in the current issue, must be viewed in light of this reality, one
that could not have been fully anticipated years ago when the authors began this important
work. This is a well-done study on the largest sample of its kind in the field, comprising
close to 2000 cases. All were outpatients with at least moderate major depressive disorder;
all were treated with maximally tolerated doses of citalopram for at least 6 weeks; and all
were evaluated prospectively using reliable instruments. Garriock ef a/. have employed
reasonable definitions of both response and remission and have applied careful quality
control to their genotype data. Despite all this, the results are disappointing: no markers
achieve genome-wide significance.

Why? This study does have its flaws. Some are inherent in the STAR*D sample, which was
not designed as a pharmacogenetic study. These include lack of placebo control, reliance on
self-report of treatment adherence, incomplete information on concomitant medications, and
DNA collection in a nonrandom subset of the total sample (reviewed in [13]). Other flaws
are attributable to the early genotyping platform used by Garriock et a/., with incomplete
genomic coverage and quality control problems. Indeed, the authors estimate that less than
half of the common variants now known in the genome have been sampled in their study.
These flaws increase the chances of a false negative finding. Of course, it is possible that
common alleles do not really have much of an effect on citalopram response, but this seems
unlikely, especially in light of the previous candidate-gene association findings (reviewed in
[14]), some of which are supported in the Garriock et al. study.

Limited statistical power for a GWAS is by far the most likely reason that this study failed to
produce significant findings. The authors estimate they had power to detect a common allele
that increased the odds of response or remission by a factor of >1.75, but this is probably a
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substantial overestimate of the true power, which will be cut in half by the incomplete
coverage of common variants noted above. A GWAS in an even smaller sample, recently
published in another journal (15), also failed to find anything genome-wide significant but
suggested that many genes of small effect may indeed be involved.

Where do we go next? Despite its limitations, the STAR*D sample is probably as good as
any the field is likely to have for the foreseeable future. Such a valuable sample deserves a
second, much more complete genotyping effort that uses a state-of-the-art genotyping
platform. Nearly complete data on up to ~2.5 million common SNPs can now be derived
from the over 1 million SNPs that are directly genotyped with high accuracy by most of the
currently available arrays. And the new arrays do not just cover common variation. Most
provide important information on rarer SNPs and on common copy number variants—a
form of variation in chromosomal structure, leading to the deletion or duplication of whole
segments of DNA, which has proven to be quite important for a variety of central nervous
system diseases.

We should also think about what it would take to generate a second sample like STAR*D.
Such a sample would not only provide an essential replication set for the next GWAS but
could also be designed to address some of the key limitations of the STAR*D sample noted
above, especially the lack of placebo control. A new sample might also attempt to randomly
assign patients to start with one of two different antidepressants, allowing an approach to the
question of whether cases who fail to respond to one agent might respond to the other and
whether this differential response is associated with particular genetic profiles. This may
prove to be a key issue in developing genetic markers that can play a useful role in clinical
decisions (16). The ongoing Genome Based Therapeutic Drugs for Depression study has
some of these design features (17) but with a sample size under 1000 will not provide much
power for GWAS approaches.

Collecting the necessary samples will not be easy and will not be cheap. But without them it
is difficult to see how we are to fulfill the promise of personalized medicine within
psychiatry. This is not a promise that can be addressed with genetic markers alone. We also
need ways to incorporate clinical predictors and biomarkers into models of outcome
prediction. This strategy is effective, for example, at predicting who will develop bleeding
complications on warfarin (18). Some recent antidepressant studies suggest promising
clinical predictors (19) and biomarkers (20) but much more work is needed in this area as
well.

In light of all these caveats, what can we conclude with confidence after a GWAS in a single,
relatively small sample, without genome-wide significant findings and without replication in
an independent sample? Probably very little. Still, Garriock et a/. report a pioneering project
that will help blaze the trail for larger, more powerful studies to come. The authors should be
congratulated for their bold first steps and commended for their cautious conclusions.
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