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“As the science of genomics has matured, it is increasingly seen as a tool used in 
clinical practice to design new treatments and to tailor current treatments 

more effectively.”
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Breast cancer pharmacogenomics: where we 
are going

There is perhaps no field of therapeutics in which 
personalized medicine has been more success-
fully implemented than in breast cancer. The 
routine use of estrogen receptor, progesterone 
receptor and HER-2 testing supports the value 
of biomarker-driven therapeutics in cancer in 
general. In addition, the use of somatic and tran-
scriptomic arrays to guide therapy has been pio-
neered in the treatment of breast cancer. These 
advances have resulted in quantifiable improve-
ments in the lives of patients with breast cancer, 
such that life expectancy of a Caucasian woman 
diagnosed early with low-grade disease in her 
mid 50s is 15 years or more. 

It might reasonably be asked why we need 
even more progress, but the worldwide burden 
of this disease remains huge, such that many 
women diagnosed at a younger age or with more 
advanced disease, or who are of African or Asian 
ancestry have much worse prognoses with many 
dying within two years of presentation. Breast 
cancer worldwide remains the second most lethal 
cancer in women, responsible for more than 
1 million premature deaths per year worldwide, 
and for healthcare costs that are astronomic 
by any measure, not least because the disease 
affects so many women in their prime. This is 
particularly true in Asia, where the incidence of 
breast cancer is rising rapidly, and the diagnosis 
of breast cancer is made approximately 10 years 
earlier than that in the western world, and where 
it is predominantly a disease of pre menopausal 
women [1]. It follows that optimization of exist-
ing therapies is critical, and the development of 
new and tolerable therapies remains a high prior-
ity. For this reason, efforts to identify biomarkers 
that further focus treatment remain crucial and 
for this reason, this issue of pharmacogenom-
ics is focused on the ongoing effort around the 
world to do so. 
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The broad science of pharmacogenomics and 
its associated technology is well placed to address 
the need for improved therapy, through the iden-
tification of new markers of disease response and 
through the ability of pharmacogenomics science 
to point the way to new mechanisms of therapy. 
With that said, there are many obstacles ahead, 
and while it is clear that genomic approaches 
will represent an important part of future clini-
cal prediction, it is equally clear that genomic 
approaches are most powerful when linked to 
clinical and other predictors.

The challenges involved in the use of germ-
line genetic biomarkers are illustrated by the 
story of tamoxifen pharmacogenomics. The 
possibility that germline genetic predictors 
of drug response might be a valuable means 
of identi fying patients most appropriate for 
tamoxifen therapy was embraced by the scien-
tific community worldwide. The initial obser-
vation in 2003, by the Consortium on Breast 
Cancer Pharmacogenomics [2,3], was that 
inherited variation in the activity of CYP2D6 
alters serum concentrations of the most promi-
nent antiestrogenic metabolite of tamoxifen, 
endoxifen, has been validated by a large num-
ber of worldwide studies and is beyond dispute 
[4–6]. Unfortunately, it is equally clear that this 
genetic variation alone does not predict breast 
cancer outcomes. This illustrates the difficulty 
of conducting genetic biomarker studies relevant 
to therapeutics in cancer. Companion studies 
of subsets of samples from the largest adjuvant 
tamoxifen trials (ATAC and BIG 1–98) reported 
no significant association between CYP2D6 
genotype and breast cancer outcomes [7]. In a 
sense, this is not surprising, since tamoxifen 
is a complex drug with many metabolites that 
have many actions, and our simplistic assump-
tion that all of its activity might be ascribed part of
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to a single metabolite, with one antiestrogenic 
activity may well be f lawed. The drug has 
been shown to act via PKC [8], and it has been 
recently shown that a number of prominent 
tamoxifen metabolites are active vasodilators [9] 
and also potent aromatase inhibitors [10]. The 
recent history of tamoxifen pharmaco genomics 
has emphasized a number of age-old lessons. 
Comparison of the results from different stud-
ies is compounded where different end points or 
differently defined end points are used. Robust, 
comprehensive genotyping methods to evaluate 
high-quality samples is critical, as is appropri-
ate statistical and bioinformatic ana lysis. Great 
care should be taken in extrapolating somatic 
genomic data to the germline, and it is criti-
cal to power studies appropriately to allow the 
detection of clinically significant effects. Cancer 
pharmaco genomics is also complicated by the 
fact that different genetic signatures may be rele-
vant in different settings: preventative, adjuvant 
and metastatic. Furthermore, we have already 
seen with irinotecan the importance of dose 
and regimen in the contribution of UGT1A1 
 genotype to toxicity [11].

It is perhaps in this prediction of treatment 
toxicity where the most notable short-term 
advances will be made. Genome-wide association 
studies have already identified variants relevant 
to the musculoskeletal side effects that occur 
with aromatase inhibitors [12].

“The challenges involved in the use of 
germline genetic biomarkers are illustrated 

by the story of tamoxifen 
pharmacogenomics.”

As the science of genomics has matured, it is 
increasingly seen as a tool used in clinical practice 
to design new treatments and to tailor current 
treatments more effectively. This is evident in 
the interviews with Richard Weinshilboum and 
Alan Ashworth [13,14]. The articles by Kristen D 

Hadfield and William Newman [15], Howard 
McLeod and Christine M Walko [16], and Anna 
González-Neira [17] address developing tests to 
allow more targeted treatment with aromatase 
inhibitors, tamoxifen and chemo therapy, respec-
tively. The cutting edge of future approaches is 
illustrated by the editorial by Milan Radovic on 
the use of next-generation sequencing of both 
the germline genome and the somatic tran-
scriptome to identify new drugable targets [18]. 
Broader approaches beyond genetic profiling 
are required to personalize breast cancer treat-
ment. In line with this, the article on the use 
of miRNA by Justin Stebbing points the way 
towards a new approach that has the potential 
to provide a nalytically robust biomarkers [19].

This issue also illustrates the ongoing role 
of pharmacogenomics in mechanisms: Hiltrud 
Brauch’s article on sex hormone metabolism 
pharmacogenomics [20] and the excellent 
article by Toshihisa Ishikawa on transporter 
pharmaco genomics illustrate the great value 
that this science has to offer to the broader 
biological questions involved [21].

As is the case with any biomarker, its real value 
in the clinic critically depends on its place relative 
to existing predictors, and so Alastair Thompson’s 
article on the importance of nonpharmacogenetic 
factors and adherence to therapy is a fitting book-
end that places the science of pharmacogenomics 
in clinical context [22].
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