
editorials

Pharmacogenomics and Endocrine Therapy in
Breast Cancer
Daniel F. Hayes, MD1 and James M. Rae, PhD2

In 1896, Sir George Beatson reported that removal of
the ovaries from three young women with locally ad-
vanced breast cancer resulted in substantial tumor
shrinkage.1 Beatson’s report set the stage for what is
arguably the anticancer treatment with the most im-
pact in regards to lives saved: endocrine therapy (ET)
for breast cancer.2 Nonetheless, ET is far from 100%
effective, which raises the question, Why doesn’t ET
work for all patients? McGuire and colleagues3 first
reported that estrogen receptor (ER) is a very potent
predictive factor for ET, and subsequent studies have
demonstrated that ER-negative cancers are com-
pletely refractory to ET.2 Since then, investigators have
focused principally on identifying acquired somatic
tumor alterations in ER-positive cancers that might
confer resistance to ET, including upregulation of al-
ternative pathways such as human epidermal growth
factor 2 (HER2)4 or the appearance of mutations in
ESR1 (the gene that encodes for ER5) or in PIK3CA.6

Inherited germline pharmacogenetic differences might
also explain the variable responses to ET. Of these, the
pharmacogenomics of tamoxifen have been the most
widely studied. Tamoxifen competes with estrogen for
ER binding and induces cellular responses. The effects
of tamoxifen are tissue specific, exhibiting ER antago-
nism in breast and brain but ER agonism in bone, liver,
and uterus.7 These differential effects have led to the
designation of tamoxifen as a selective ER modulator
(SERM) rather than an antiestrogen.

Tamoxifen is, in part, considered a prodrug, because
the parent compound binds to ER with a much lower
(approximately 100-fold) affinity than two of its more
potent active metabolites, 4-hydroxy tamoxifen and
4-hydroxy, N-desmethyl tamoxifen, also designated
endoxifen.8 Each of these metabolites exhibits much
higher ER antagonism than the parent drug. In women
taking 20 mg per day, parent tamoxifen is present
at approximately 100 times the concentration of
4-hydroxy tamoxifen, which is produced through
a number of enzymatic and redundant steps in the
liver. Likewise, in most patients, endoxifen levels are
approximately sixfold higher than those of 4-hydroxy
tamoxifen, although still significantly lower than ta-
moxifen levels.9

The metabolism of tamoxifen to endoxifen depends
almost exclusively on the activity of a single hepatic

enzyme, CYP2D6. Pharmacogeneticists have long
recognized the variable metabolism of several drugs
based on CYP2D6 genotypes, which separate patients
into four metabolic phenotypes: poor, intermediate,
extensive, and ultrarapid.10 Nearly 20 years ago, the
Consortium of Breast Cancer Pharmacogenomics re-
ported that patients with homozygous deleterious
single nucleotide polymorphisms in the gene encoding
CYP2D6, and who are therefore considered poor
metabolizers, have six-fold to 10-fold lower circulating
endoxifen levels compared with those with wild-type
CYP2D6 genotype (extensive metabolizers).11

The observation that endoxifen levels are associated with
a CYP2D6 genotype raised the hypothesis that extensive
metabolizers, who are expected to have higher levels of
endoxifen, might have a better outcome when treated
with tamoxifen than those who inherit a poor metabolic
genotype.9 An initial pilot study supported this theory,12

and subsequently more than 70 publications have
addressed this issue.13,14 Indeed, some of them seem to
have validated these findings,15 whereas others have
reported no difference in outcomes in women taking
tamoxifen according to genotype.16,17 At least one study
had inexplicable results: it reported better outcomes in
those who would be expected to be poor metabolizers.18

Indeed, in light of these highly disparate results, we urged
caution against using CYP2D6 genotype to guide ET for
women with ER-positive breast cancer, pending more
conclusive evidence.19

The confusion surrounding CYP2D6 genotype as
a biomarker for tamoxifen activity highlights many of
the issues surrounding tumor biomarker test studies
and the need to rigorously demonstrate analytical
validity and clinical utility.20 The analytical validity of
the tests used to determine CYP2D6 genotype has
been controversial. In the original and several other
studies, DNA for genotyping was derived from somatic
tumor tissue.12 However, other investigators have used
germline tissue (leukocytes or mucosal fibroblasts) for
genotyping, arguing that this analytical approach is
more accurate.21 Subsequent studies have demon-
strated that the CYP2D6 genotype results obtained by
comparing germline specimens with tumor specimens
are nearly identical, putting this argument to rest.22-26

A second reason for the diverse conclusions reached
in the many studies on this topic requires a clear
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understanding of the biology of the ER signaling pathway and
tamoxifen metabolism. Although tamoxifen is a weaker SERM
than either 4-hydroxy tamoxifen or endoxifen, nonetheless, it
has ER antagonistic activity and is present in much higher
concentrations in the blood stream, as are two other major
metabolites with antagonist activity, desmethyl-tamoxifen and
didesmethyl-tamoxifen.27 Furthermore, although 4-hydroxy
tamoxifen is present in much lower levels than tamoxifen
or endoxifen, it has very high affinity for ER. Finally, although
endoxifen levels are much reduced in patients who are poor
CYP2D6 metabolizers, this metabolite is still present in such
patients, albeit at low concentrations.9 Taken together, these
factors suggest that it is very likely that tumor levels of ER are
saturated regardless of whether the parent drug is rapidly or
poorly converted to endoxifen.27

A third explanation is related to study design and conduct.28

Themajority of studies that have contributed to the tamoxifen/
CYP2D6 controversy, unfortunately, are studies of conve-
nience confounded by several factors.29 There have been only
a few studies that were prospectively conducted using
specimens previously collected and archived within clinical
trials of ET (so-called prospective-retrospective studies30), and
two of the largest of these failed to show any association
between CYP2D6 genotype and breast cancer outcomes.16,17

In this issue of Journal of Clinical Oncology, two new studies
are reported that may further inform this debate. By ret-
rospectively gleaning data from two Swedish breast cancer
cohort registries linked to the Swedish Prescribed Drug
Registry, He et al31 identified and genotyped more than
1,300 patients assigned to take adjuvant tamoxifen. They
found that discontinuation rates, presumably because of
toxicity, were 7.2%, 7.6%, 6.7%, and 18.8% among poor,
intermediate, normal, and ultrarapid CYP2D6metabolizers,
respectively, confirming previously published reports.32-34

They observed a U-shaped association for breast cancer–
specific mortality, with highest rates in the poor and ul-
trarapid metabolizer groups, which is rather difficult to
explain. The authors speculate that the worse outcomes in
the poor metabolizers are consistent with the overall hy-
pothesis that endoxifen is the primary modulator of ta-
moxifen efficacy, and that the worse outcomes in the
ultrarapid metabolizers were a result of early discontinu-
ation of tamoxifen secondary to higher toxicity rates.
However, we argue that the poor outcomes observed in the
slow metabolizers may be confounded by a variety of
factors in this retrospective outcomes registry study. With
respect to toxicity, in modern practice, if tamoxifen seems to
be the initial treatment of choice, the clinician can easily
initiate it without regard to CYP2D6 genotype. If the patient

is intolerant, the patient can be switched to an aromatase
inhibitor.

In a second article, Tamura et al35 report the results of
a prospective randomized clinical trial of 136 Japanese
patients with stage IV or recurrent ER-positive breast
cancer who had heterozygous or homozygous non-
functional variant CYP2D6 genotypes, and thus were
expected to be poor or intermediate metabolizers. They
were randomly assigned to receive tamoxifen at the
standard dose (20mg/day) or an increased dose (40mg/day).
As expected, for patients treated with the higher dose
compared with the lower dose, serum trough levels of
endoxifen were substantially and significantly increased
and were even higher than those in a control group of
patients who were extensive CYP2D6 metabolizers. None-
theless, progression-free survival rates at 6 months (the
primary end point) were the same for the patients randomly
assigned to standard-dose versus high-dose tamoxifen
(66.7% v 67.6%, respectively).

At least three other prospective clinical trials have been
performed to test the test, which is considered the gold
standard for establishing the clinical utility of a tumor
biomarker test.36,37 Sanchez-Spitman et al38 found no as-
sociation between endoxifen concentrations or CYP2D6
genotype and relapse-free survival in 667 pre- and post-
menopausal patients taking adjuvant tamoxifen. Likewise,
Neven et al39 found that neither objective response rates
(the primary end point of their trial), nor clinical benefit, nor
progression-free survival were related to endoxifen levels in
247 evaluable patients with ER-positive breast cancer in
neoadjuvant or metastatic settings. Love et al40 reported an
incongruous result in a cohort of 224 Filipino and Viet-
namese patients: the risk of recurrence was higher rather
than lower for those who were CYP2D6 extensive metab-
olizers with high endoxifen concentrations.

What should we make of these results? In our opinion,
which is consistent with the most recent versions of the
American Society of Clinical Oncology and the National
Comprehensive Cancer Network Practice Guidelines,41,42

CYP2D6 genotype should not be used to guide ET for
women with ER-positive early or metastatic breast cancer.
Any tumor biomarker test should be introduced into clinical
practice only when it is shown with high levels of evidence
to have clinical utility. The confounding results of the He
et al31 study are insufficient to be a conclusive validation of
the hypothesis. The prospective nature of the Tamura
et al35 study provides more high-level evidence that CP2D6
status does not affect the efficacy of tamoxifen in patients
with ER-positive breast cancer.
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