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Abstract: Tamoxifen has been used as adjuvant hormonal therapy
for estrogen receptor positive breast cancer for over 30 years and
is also widely used for the treatment of metastatic breast cancer.
Tamoxifen is metabolized to its more active form by cytochrome
P450 2D6 (CYP2D6); decreases in CYP2D6 activity, either by inac-
tivating polymorphisms or drug interactions, can reduce concentra-
tions of tamoxifen’s active metabolites. Clinical studies demonstrate
that breast cancer patients treated with adjuvant tamoxifen who have
decreased CYP2D6 due to genetic polymorphisms or drug interac-
tions may have an increased risk of recurrence and reductions in
disease-free survival. Pharmacogenetic testing is currently available

to predict CYP2D6 phenotypes and individualize tamoxifen therapy.

he American Cancer Society estimates there will be 184,450

new cases of breast cancer diagnosed and 40,930 deaths

caused by breast cancer in the U.S. in 2008, making breast
cancer the second leading cause of cancer-related death in women.'
Between 1995 and 2004 the mortality rate for breast cancer in the
United States decreased by 2.3% in females.? This decline is largely
attributed to a combination of improvement in early detection,
a decline in postmenopausal estrogen replacement therapy, and
improved breast cancer treatment.” Tamoxifen, a mixed estrogen
receptor (ER) antagonist and agonist, has been used as adjuvant
treatment of breast cancer for over 30 years. Until recently, it has
been the standard treatment for women with early-stage breast
cancer with node-positive disease. In addition to adjuvant therapy,
tamoxifen is used for primary prevention of breast cancer and treat-
ment of metastatic breast cancer.

Tamoxifen for the Prevention and Treatment
of Breast Cancer

Over an expected lifetime of 80 years, 1 in 8 women will develop
breast cancer. Women with an increased risk of breast cancer,
defined as a 1.67% risk of developing breast cancer in the next
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5 years, may benefit from chemoprevention.” Until the
recent approval of raloxifene (Evista, Eli Lilly), the only
drug approved by the Food and Drug Administration
(FDA) for the prevention of breast cancer was tamoxifen.
A statistically significant 49% reduction (P<.001) in the
incidence of invasive breast carcinoma after a median fol-
low-up of 54 months was demonstrated by the National
Surgical Adjuvant Breast and Bowel Project (NSABP)
P-1 trial involving 13,388 women over 35 years old at
high risk for breast cancer.® Three subsequent randomized
prevention trials and a meta-analysis supported the use of
tamoxifen for 5 years for chemoprevention of ER-posi-
tive breast cancer.”'” However, the incidence of venous
thromboembolic events increased by almost 2-fold and
the incidence of endometrial cancer by almost 2.5-fold
in the tamoxifen arm.!” A trial of 7,154 women with an
increased risk of breast cancer followed for a median of
96 months demonstrated persistent benefit for 10 years
after randomization, despite only 5 years of active treat-
ment."" This trial also demonstrated an increased risk of
thromboembolic disease and endometrial cancer during
active treatment, but the incidence declined after active
treatment was discontinued. In select patients at high risk
for breast cancer and low risk for thromboembolic disease
or endometrial cancer, tamoxifen is effective chemopre-
vention of breast cancer for 8 years or possibly longer.
Tamoxifen is also indicated for adjuvant therapy in
ER-positive and/or progesterone receptor (PR)-positive
early stage breast cancer after systemic chemotherapy.
Five years of adjuvant tamoxifen decreased breast cancer
mortality by 31% in ER-positive pre- and postmeno-
pausal women, without regard to age, prior chemother-
apy, nodal status, or progesterone status.'? In addition,
tamoxifen demonstrated a reduction in the annual recur-
rence rate by almost half. For premenopausal women,
tamoxifen continues to be the standard of care, but for
postmenopausal women, aromatase inhibitors (Als)
alone or subsequent to 2-3 years of tamoxifen may be
more beneficial.”® An extended analysis (after a median of
100 months) of a trial comparing 5 years of anastrozole
(Arimidex, AstraZeneca) therapy to tamoxifen therapy
in 6,241 postmenopausal women with hormone-recep-
tor—positive invasive breast cancer revealed a lower
recurrence rate for women treated with anastrozole,
with a hazard ratio (HR) of 0.76 (0.76-0.87; P=.0001).
However, overall survival (OS; P=.7) and death rate after
recurrence (P=.2) were not significant. In the treatment
of ER-positive disease, tamoxifen continues to be the
treatment of choice for premenopausal women; but for
postmenopausal women, Als and tamoxifen are both
important options. Tamoxifen may have a role in post-
menopausal patients in sequential therapy with an Al
The challenge, however, is in determining which patients

will benefit from sequential therapy with tamoxifen.

In premenopausal women with ER-positive meta-
static breast cancer, first-line therapies include both
tamoxifen and ovarian ablation via surgery, radiation,
or medical ablation with luteinizing hormone-releasing
hormone (LHRH) analogs.”” Endocrine therapy with
tamoxifen or an Al is standard first-line therapy for
postmenopausal patients with metastatic breast cancer.
A recent Cochrane review demonstrated that while
response rates were improved with chemotherapy com-
pared to endocrine therapy, with a relative risk of 1.25
(1.01-1.54; P=.04) patients receiving chemotherapy
do not have improvements in survival (HR, 0.94;
95% confidence interval [CI], 0.79-1.12; P=.5) and
experience more toxicity.'® Third generation Als such
as anastrozole, extemestane, and letrozole demonstrate
improved survival in this patient population and are
now preferred agents."”

Tamoxifen remains a fundamental agent for primary
prevention and hormonal treatment of breast cancer in
premenopausal women; given that an estimated 1.1 mil-
lion new cases of breast cancer are diagnosed globally
each year, it continues to be a critical drug in the treat-
ment of breast cancer.!®

Cytochrome P450 2D6

Since alternative therapies such as Als, LHRH analogs,
and fluvestrant are available for endocrine treatment of
ER-positive breast cancer, it is vital to optimize treatment
on an individual basis and maximize each patient’s out-
come." Variability in response to a drug can be due to age,
sex, weight, renal and liver function, drug interactions,
nutrition, and smoking status.** In addition, genetic dif-
ferences in drug transporters and metabolizing enzymes
can impact absorption and metabolism of certain drugs,
including tamoxifen. Variability in metabolic activity is
significant for tamoxifen since the metabolites are sub-
stantially more active than the parent compound.?*

Cytochrome P (CYP) 450 enzymes are responsible for
the metabolism of over 90% of commonly used drugs and
are located predominantly in the liver and small intestine.”
One of the most extensively studied CYP450 enzymes
is the CYP450 2D6 (CYP2D6) enzyme. Approximately
20-25% of clinically used drugs, including tamoxifen,
are metabolized by this enzyme.** Other commonly used
medications metabolized by CYP2D6 are tricyclic antide-
pressants, selective serotonin reuptake inhibitors (SSRIs),
opiod analgesics, antipsychotic agents, and antiarrhyth-
mic agents.”

Genetic factors play a role in drug metabolism and
can account for differences in response in both the efficacy
and the toxicity of some drugs.?® A specific gene encodes
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Table 1. Common CYP2DG Variants, Phenotypes, and Frequency?*

Frequency of Phenotype
African
Phenotype Common CYP2D6 Variant Alleles Caucasians Americans Asians
Ultra rapid metabolizer ’ 1 ; ;ze’ngf’le:;c(eictilz lclflitllt(;n 2-10% <1% <1%
Extensive metabolizer *1 71% 37% 51.5%
Intermediate metabolizer *9, ¥10,%17, *29, *41 11% 30% 30%
Poor metabolizer *3, %4, %5, %6 7-10% 7% 1-2%

CYP2D6, but inherited genetic alterations can result in
differences in enzymatic activity. Variations in genetic
sequence from the wild-type or common gene are often
caused by alterations in single nucleotides and are thus
designated single nucleotide polymorphisms. Over 100
allele variants of CYP2D6 have been identified; some
cause inactivation of CYP2DG6, some reduce or increase
CYP2D6, while others do not alter normal activity.**
Most individuals have 2 alleles, so the combined activ-
ity level of the alleles determines the metabolic rate of
CYP2D6. A small percentage of individuals have more
than 2 alleles by means of gene duplication, which can
result in higher than usual enzymatic CYP2DG6 activity.
Studies have documented individuals having from 2 to 13
copies of CYP2D6, and metabolic rate has been correlated

with the number of active alleles.?*?¢

Although numerous
allele variants exist, patients can generally be grouped
into classifications of poor, intermediate, extensive, or
ultrarapid metabolizers®® (See Table 1). Poor metaboliz-
ers have 2 nonfunctional alleles. In Caucasians, 97% of
poor metabolizers can be identified by 4 alleles with null
activity (*3, *4, *5, *6).% Intermediate metabolizers have
2 alleles with decreased function or 1 allele with decreased
function and 1 nonfunctional allele, resulting in metabo-
lism slower than extensive metabolizers. The CYP2D6*10
allele causes decreased function and occurs frequently in
Asians, causing 30% of the population to be intermediate
metabolizers.”” The standard or usual CYP2D6 metabo-
lism is termed extensive, with 71% of Caucasians and
52% of Asians being classified under this term.?” Ultrar-
apid metabolizers have active gene duplication of a func-
tional allele. The influence of CYP2D6 polymorphism
depends on the characteristic of the metabolized drug.
If a drug requires activation or is converted to an active
metabolite by CYP2D6, poor metabolizers may have
less activation and less pharmacologic effect than exten-
sive metabolizers. If a drug is primarily metabolized by
CYP2D6 to an inactive metabolite, poor metabolizers
may have less metabolism and more therapeutic effect
compared to extensive metabolizers.

Several CYP450 microsomal enzymes are respon-
sible for primary and secondary metabolism of tamoxi-
fen to active and inactive metabolites.”? In the primary
metabolic pathway, tamoxifen undergoes oxidative
metabolism via the CYP450 3A4/5 (CYP3A) enzyme
to an intermediary metabolite, N-desmethyltamoxifen
(NDM), which is further metabolized by CYP2D6 to
4-hydroxy-N-desmethyl-tamoxifen (endoxifen).” In a
separate minor metabolic pathway, tamoxifen is con-
verted by CYP2D6, CYP3A, CYP2C9, and CYP2C19 to
4-hydroxytamoxifen (4-OH-tamoxifen). Both endoxifen
and 4-OH-tamoxifen have a higher affinity for the ER
and are 30 to 100 times more active than tamoxifen.?"*
Although both metabolites are equipotent in suppress-
ing breast cancer, endoxifen concentrations are 6 times
higher than 4-OH-tamoxifen concentrations and it is
subsequently considered the primary active metabolite
responsible for tamoxifen activity.*>?' Since the metabo-
lism of tamoxifen to more active metabolites is primarily
dependent upon CYP2D6 and CYP3A enzymes, altera-
tions of these enzymes can affect the concentrations of

active metabolites.?-?!

Clinical Studies

Endoxifen concentrations vary widely in clinical studies
which may be attributable to interindividual differences
in genetic metabolism and drug interactions.*** Women
with dysfunctional or nonfunctional alleles of CYP2D6
who are categorized as intermediate or poor metabolizer
phenotypes and are not taking interacting drugs have
lower endoxifen concentrations (P<.05).?? The decreased
concentrations could impact many women since approx-
imately 20% of Caucasian, 37% of African Americans,
and 32% of Asians are categorized as CYP2D6 interme-
diate or poor metabolizer phenotypes.”** Analagous to
dysfunctional or null alleles, drugs that inhibit CYP2D6
activity reduce endoxifen concentrations.®> It is not
uncommon for women experiencing hot flashes related
to adjunctive tamoxifen treatment to also take SSRIs,
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some of which are potent CYP2D6 inhibitors.® Since
endoxifen is the major active metabolite of tamoxifen,
lower concentrations due to genetics or drug interac-
tions could result in poorer outcomes in the prevention
and treatment of breast cancer.

Several studies indicate endoxifen concentrations
are lower in subjects with variant CYP2D6 alleles®?
(See Table 2). A small open-label trial of 12 women with
ER-positive breast cancer treated with adjunct tamoxifen
therapy compared tamoxifen and metabolite concentra-
tions in women with wild-type CYP2D6*1 and variant
*4, *6 and *8 alleles.’® Baseline endoxifen concentrations
were significantly lower in participants with a variant
allele than in those with wild-type alleles (P=.002). A
larger prospective observational trial evaluated plasma
concentrations of tamoxifen and 3 metabolites in 80
pre- and postmenopausal women with newly diagnosed
breast cancer, who were also genotyped for functional and
select variant CYP2D6, CYP3A4, and CYP2C9 alleles.’
Endoxifen concentrations in participants who were either
heterozygous or homozygous for nonfunctional alleles
were statistically lower than endoxifen concentrations in
women homozygous for the functional allele (P<.001)
in the primarily Caucasian population. Heterozygous
individuals had concentrations that were 55% (95% CI,
16.9-147.4) of concentrations observed in women homo-
zygous for the wild-type allele. Those homozygous with
the CYP2D*4/*4 genotype had concentrations that were
26% (95% CI, 1-638.6) of participants homozygous for
the wild-type allele. Although significance was established,
a wide range of endoxifen concentrations were observed
with each genotype which the authors attributed to
untested null alleles and drug interactions. The CYP2D6
genotype was not significantly associated with concentra-
tions of tamoxifen (P=.92), 4-hydroxytamoxifen (P=.86),
or NDM (P=.62). Similarly, no significant difference was
seen between high performance liquid chromatography
plasma concentrations of tamoxifen and its metabolites
and CYP2C9 and CYP3A4 genotypes. This trial only
demonstrated decreased endoxifen concentrations in
women with dysfunctional or null CYP2D6 alleles and
no change was observed in the concentrations of the other
tamoxifen metabolites.

The same trial evaluated tamoxifen and metabolite
concentrations in participants concomitantly taking
CYP3A4 or CYP2D6 inhibitors.”” Five of 78 (6%) par-
ticipants taking CYP3A inhibitors along with tamoxi-
fen had statistically higher tamoxifen concentrations
(P=.044), but no significant change was observed in the
concentrations of metabolites NDM, 4-OH-tamoxifen,
and endoxifen. Twenty-four (30%) subjects were con-
comitantly taking medications that inhibit CYP2D6 and
in those homozygous for the functional allele, the plasma

endoxifen concentration was 58% lower than those not
taking CYP2D6 inhibitors (P=.0025). Mean endoxifen
plasma concentrations of subjects taking paroxetine, a
potent CYP2D6 inhibitor, were similar to those of sub-
jects homozygous for nonfunctional CYP2D6 alleles not
taking inhibitors.?> Endoxifen concentrations in subjects
taking venlafaxine, a weak CYP2D6 inhibitor, were mini-
mally changed. Both CYP2D6 genotypes with decreased
function and CYP2D6 inhibitors reduce plasma concen-
trations of tamoxifen’s primary active metabolite and the
effects can be additive.

A further report of the ongoing multicenter trial
confirmed the significant reduction in endoxifen con-
centrations in patients also taking CYP2D6 inhibitors.?
Extensive metabolizers taking CYP2D6 inhibitors had
lower plasma endoxifen concentrations (P<.01) than those
not taking inhibitors. Weak CYP2D6 inhibitors, citalo-
pram and sertraline, decreased mean plasma endoxifen
concentrations less than the potent CYP2D inhibitors,
paroxetine and fluoxetine (P<.01).* Endoxifen concen-
trations in women on potent CYP2D6 inhibitors (n=19)
were similar to patients with CYP2D6 poor metabolizer
phenotype (19.4 + 6.1 nmol/L; P=.43). Similar results
were observed in other CYP2D6 phenotypes (P=.003).
The only phenotype not converted to a poor metabolizer
by potent CYP2D6 inhibitors was the ultrarapid metabo-
lizer. Another study evaluated endoxifen concentrations
before and after the administration of paroxetine.?
Baseline tamoxifen and metabolite concentrations were
measured in women on chronic tamoxifen therapy and
again 4 weeks after taking paroxetine concomitantly.
Mean plasma concentrations of endoxifen decreased by
56% after adding paroxetine (P=.02), but concentrations
of NDM and 4-OH-tamoxifen were not significantly
altered. These studies consistently demonstrate a correla-
tion between CYP2D6 inhibitors and decreased endoxi-
fen concentrations.

Since endoxifen is the primary active metabolite
of tamoxifen, decreased concentrations could impair
pharmacologic activity and clinical outcomes in breast
cancer treatment. Relapse-free time, disease-free survival
(DES), and OS, along with the incidence of hot flashes,
were studied in a prospective trial of 223 women taking
tamoxifen for early stage ER-positive breast cancer after
tumor resection.’ Patient tumor and/or buccal samples
were genotyped for CYP2D6 *4 and *6 and CYP3A5*3 in
the predominantly Caucasian population. The wild-type
allele was defined by the absence of variant CYP2D6 *4
and *6 alleles. The mean follow-up time of patients alive
at the end of the study was 11.4 years (range, 4.7-14.1
years). Relapse-free time, defined as the time from ran-
domization to the documentation of local, regional, or
distant breast cancer, was shorter for women homozygous
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Table 2. Studies Evaluating the Effect of CYP2D6 in Breast Cancer Patients Treated with Tamoxifen

Patient
Article Design Patient population number | Outcome
Pre- and post * No significant difference in mean plasma
Multi-center prospective menopausal women ZOE c(e;;trattlo;s zifftinz([)ff;;’ 1111341;/[ ;Iidz 9
open-label trial of plasma with newly diagnosed } Y t(i)X}I a) bot ¢ . :i n’t _1‘1 C)YP_ZD 6’
Borees concentrations of tamoxifen | breast cancer starting on izsﬁjigto\;z Zn det}:,) C:e nI(J> 2: oen CS\(;PZD 6
ot al%z and its metabolites at 4, tamoxifen 20 mg/day 158 inhibitors
8, and 12 months was after completion C .
correlated to genetic of primary sureer ¢ Mean endoxifen concentrations were lower
polymorphisris a dpiation Zn d ag djl)fvant in patients taking CYP2D6 inhibitors than
’ hemother in those not taking CYP2D6 inhibitors
chemotherapy. (P<.01).
* Baseline plasma endoxifen concentration
Prospective. open_label were lower in women with a variant
b E tivn, | }t)ri lin CYP2D6 allele than those with the wild-type
obsetvational that i Women taking genotype (P=.002).
women taking tamoxifen, . : .
Stearns measuing tamoxifen and tamoxifen 20 mg/day e Plasma concentrations of endoxifen
et al® s metabglites before for adjuvant treatment 12 decreased from 12.4 ng/mL to 5.5 ng/mL
of breast cancer for at after paroxetine administration (P=.004).
and 4 weeks after p
oo dr::inistration of least 4 weeks. * In women with a wild-type genotype,
aroxetine 10 me/da endoxifen concentrations decreased by 64%
P ey but only by 24% in women with a variant
genotype (P=.03).
* Endoxifen concentrations were significantly
lower in women with CYP2D6 homozygous
el e s variant genotype (P=.003) or heterogenous
open label observational Pre- and postmeno- genotype (P='O.03) than those with the
crial of ol i A ih homozygous wild-type genotype.
plasma concentra pausatwomen wit ¢ Tamoxifen, 4-hydroxytamoxifen, and NDM
tions of tamoxifen and newly diagnosed breast  SyCToRyAToN &
. . . concentrations were not significantly
Jin its metabolites after 1 cancer starting on different among various genotypes
. V.
i and 4 months of therapy. tamoxifen 20 mg/day 80 _ _ . ;
ad Concentrations were after completion . (\)];_ '[?12;11)_5:111);162’ Irlesp CCU;ISI}?'
correlated and evaluated by | of primary surgery, z te Wl tokisgeCXO(;;g 6 inl}ﬁ)beit .
genotype and concurrent radiation, and adjuvant gerotype %o taking . o or
~dministration of CYP2D6 | chemothera had endoxifen concentrations 58% lower
inhibitors py: than those not on CYP2D6 inhibitors
: (P=.0025).
e Variant alleles of CYP3AS5 and CYP2C9 did
not alter endoxifen concentrations.
P?:;TZ;?E ::i;l(wc;r:lien e Patients with CYP2D6*4/*4 genotype had
Goets Multi-center prospective rl] e breast cancer Pi Jkin worse RFT(P=.023) and DFS (P=.012), but
p trial comparing RFT, DFS, v . > & 223 not OS (P=.169).
etal® tamoxifen 20 mg daily . .
and OS to genotype. for 5 years. No patients ¢ Incidence of hot flashes was lower in women
i Chemofhmpy with the CYP2DG6*4/*4 genotype (P=.06).
Multi-center retrospective * Compared to women with extensive
review of medical records; Postmenonausal CYP2D6 metabolism, patients with
patients with decreased red Ell?{ ',t' decreased metabolism due to phenotype or
Goetz metabolism due to variant resecte “positive co-administration of a CYP2DG6 inhibitor
25 . breast cancer, treated 180 .
et al® alleles and concomitant +th ramosifen but n had a shorter time to breast cancer recur-
inhibitors were classified as zlemjth:ra e butno rence (P=.015), RES (P=.007), and DFS
PM, IM, or EM and evalu- 24 (P=.009), and tended to have worse OS
ated for clinical outcome. (P=.083).

(1able continues on following page)
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Table 2. (Continued) Studies Evaluating the Effect of CYP2DG in Breast Cancer Patients Treated with Tamoxifen

Patient
Article Design Patient population number | Outcome
. e Patients with CYP2D6*10/*10 genotype
Japanese women with . . e
ER. and/or PRopositive had a significantly higher recurrence within
Retrospective trial invasive breast cg ncer 10 years of surgery than the CYP2D6*1/*1
for CYP2 e P=.0057; OR, 16.63; 95% CI,
Kiyotani genotyped for CYP2D6 T — genotype (P=.0057; OR, 16.63; 95% C
cal? alleles and compared followed by 5 year 67 1.75-158.12).
e genotype with recurrence O_OWee oy ) yeats * Multivariate analysis indicated
. of tamoxifen 20 mg/day. 1k .
free survival. No chemotherapy was CYP2D6*10/*10 genotype was associated
administered Py W with shorter RES (P=.036; adjusted HR,
’ 10.04; 95% CI, 1.17-86.27).
P;O;P eCEZ‘l:ezb—lP; tr:i Stt;ldy Korean women with 202 for
uenog We CYP2D6. Geno ER- or PR-positive genotype- | ® Steady state concentrations of endoxifen
& estype e com are. dto metastatic breast cancer kinetic and 4-hydroxytamoxifen were significantly
?(])F; ce:;vtrations g f tamoxifen treated with tamoxifen study lower in the CYP2D6*10/*10 genotype than
Lim and metabolites in the first for a mean of 9 months; wild/*10 or wild/wild genotypes (P<.0001
et al®® ortion of the studv. The chemotherapy was 21 for for both metabolites).
P . Y administered as required | genotype- | ®* Among nonresponders with metastatic breast
second portion evaluated . . 1 -
clinical outcomes of women and no patients were clinical cancer, CYP2D6*10/*10 was significantly
it metastatic breast taking known CYP2D6 | outcome more frequent (P=.0186).
WIth metastatic breas inhibitors. study
cancer taking tamoxifen.
. . e When adjusted for tumor size and nodal
Retrospective review of . . .
sinele—center database Women with primary status, a shorter relapse time was reported for
Schroth ii 2t least 8 months of invasive, ER-positive women with at least 1 variant allele
5 w breast cancer receiving 206 (HR, 2.24; 95% CI, 1.16-4.33).
etal follow-up from 1986-2000; . . . . .
compared genotype with adjunctive tamoxifen * A trend in decreased OS was associated with
recufr enceg but not chemotherapy. at least 1 variant allele (P=.11; HR, 1.73;
‘ 95% CI, 0.88-3.41).
A retrospective review of a | Pre- and post-
tumor registry comparing | menopausal women . . .
OS and progression-free treated with tamoxifen No correlatlori becween recurrence (,)f discase
. . and CYP2DG6*4 genotype in tamoxifen-
Nowell survival in women with 1 and chemotherapy treated women
OV:S or 2 variant alleles to the and/or radiation, or 162 catec wome
etal . . (HR, 0.67; 95% CI, 0.33-1.35).
wild-type alleles. tamoxifen alone treated L
. .. .. * No association between CYP2D6 genotype
Concomitant administra- for ER- and PR-positive and OS (HR, 0.77; 95% CI, 0.32-1.81)
tion of CYP2DG inhibitors | and negative breast P 22T ’
was not taken into account. | cancer.
Postmenopausal women e Women with 2 CYP2D6*4 alleles had
Retrospective review of ith sta CPH and TIT significantly better DFS than women with
RES was compared to i & 1 or 2 CYP2D6*1 alleles (P=.05 and P=.04,
Wegman - ER-positive breast .
- CYP2D6*4 genotype. . 677 respectively).
etal " cancer treated with o .
Inhibitors of CYP2D6 were . . . * In a multivariate analysis with tumor stage,
. adjunctive tamoxifen .
not taken into account. tumor size, and lymph node status, the result
20 or 40 mg/day.
was not as strong (P=.055).

Cl=confidence interval; CYP2D6=Cytochrome P450 (CYP450) 2D6; CYP2C9=CYP450 2C9; CYP3A5=CYP450 3A4/5; DFS=discase-free
survival; EM=extensive metabolizer; ER=estrogen receptor; HR=hazard ratio; IM=intermediate metabolizer; NDM=N-desmethyltamoxifen;

OR=overall response; OS=overall survival; PM=poor metabolizer; PR=progesterone receptor; RFS=relapse-free survival; RFT=relapse-free time.
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for variant CYP2DG6 alleles (P=.023). DFS time, deter-
mined as the time from randomization to documentation
of any recurrence of breast cancer, contralateral breast can-
cer, or death from any cause, was also significantly lower
(P=.012) in women homozygous for variant alleles. OS,
the time from registration to death from any cause, was
not significantly improved (P=.169). After controlling for
node status and tumor size, women in the CYP2D6*4/*4
genotype still tended to have worse relapse-free time (HR,
1.85; P=.176) and DFS (HR, 1.86; P=.089) compared to
the women with one or fewer variant alleles, although this
did not reach statistical significance. No difference was
found in terms of CYP3A5*3 and relapse-free time, DFS,
or OS. Poorer outcomes tended to occur in women with
the CYP2D6*4/*4 genotype, but other null alleles were
not tested and concomitant administration of CYP2D6
inhibitors was not evaluated. Both considerations could
minimize the number of women with poor metabolism
and alter study results. The analysis was further updated
by a retrospective chart review of CYP2DG6 inhibitor
administration and evaluated for clinical outcome.®
Patients were placed into extensive, intermediate, and
poor metabolizer groups based on the number of
CYP2D6*4 alleles and co-administration of moderate or
potent CYP2DG6 inhibitors. After accounting for tumor
size and node status, intermediate and poor metabolizers
demonstrated a shorter time to recurrence (P=.034; HR,
1.91) and shorter time of risk free survival (P=.017; HR,
1.74) compared to extensive metabolizers. OS between
these metabolizer groups did not differ significantly
(P=.223; adjusted HR, 1.34). Decreased tamoxifen meta-
bolism due to either CYP2D6 null alleles and/or CYP2D6
inhibitors can impact time to recurrence and DEFS in
patients treated with adjunctive tamoxifen.

In Asians, the CYP2D6*4 null allele occurs in less
than 1% of the population, but the CYP2D6*10 allele,
which has markedly reduced activity, occurs in 40-50%
of the population.?”* The effect of the CYP2D6*10 allele
on clinical outcome was studied in a prospective trial of
67 Japanese women with ER- and/or PR-positive invasive
breast cancer.?” They were treated with adjuvant tamoxifen
for 5 years and genotyped for variant alleles. No women
received chemotherapy or concurrent SSRIs. Recurrence-
free survival (RFS) was defined as the time from surgery
to time of recurrence of local, distant or contralateral
breast cancer and followed for a mean of 8 years (range,
1.6-21.6 years). Women with the CYP2D6*10/*10
genotype had a significantly higher rate of recurrence
within 10 years than those with homozygous CYP2D6*1
alleles (P=.0057; odds ratio, 16.63; 95% CI, 1.75-158).
CYP2D6 genotype and tumor size were independent
variables affecting RFS. After adjustment for other prog-
nostic factors CYP2D6*10/*10 genotype was associated

with a significantly shorter RES (P=.036; adjusted HR,
10.01; 95% CI, 1.17-86.27). Another trial evaluated 21
Korean women with ER- or PR-positive metastatic breast
cancer treated with tamoxifen for a median follow-up of
19.6 months (range, 6.6-53.8 months).*® Chemotherapy
was given as indicated, but women concurrently taking
CYP2DG6 inhibitors or inducers were excluded. The mean
time to progression in the metastatic breast cancer group,
defined as the first day of tamoxifen to progression of
cancer, was shorter for women with the CYP2D6*10/*10
genotype compared to women with other genotypes (5.0 vs
21.8 months; P=.0032). Although the CYP2D6*10 allele
does confer some activity, Asian women homozygous for
this allele have poorer outcomes for both metastatic and
nonmetastatic breast cancer.

A larger study evaluating multiple variant CYP2D6
alleles comparing clinical outcome also reported poorer
outcomes in patients with dysfunctional or null alleles.”’
The retrospective review of women with primary invasive
ER-positive breast cancer treated with adjunctive tamoxi-
fen compared genotypes CYP2D6*4, *5, *10, and *41 to
clinical outcome for a median of 71 months (range, 4-227
months). Those followed for less than 8 months were not
included in the analysis and concomitant administration
of CYP2D6 inhibitors was not evaluated due to incom-
plete information. Relapse-free time was defined as the
time from surgery to the time of recurrence of any breast
cancer, including in the contralateral breast. Women with
at least 1 CYP2DG6 allele with decreased or no function
had shorter relapse-free time than women with the exten-
sive metabolizer phenotype (P=.12). This difference was
not observed in a control group of women with ER-posi-
tive breast cancer not treated with tamoxifen at the same
center (P=.32). Analysis adjusted for tumor size and nodal
status demonstrated shorter relapse time (HR, 2.24; 95%
CI, 1.16-4.33) for women with at least 1 variant allele.
A trend in OS, defined as the time from surgery to death
from any cause, was associated with at least 1 variant allele
(P=.11; HR, 1.73; 95% CI, 0.88-3.41). Irrespective of
concomitant CYP2D6 inhibitor administration, women
with genotype CYP2D6 *4, *5, *10, and *41 treated with
adjunct tamoxifen therapy, but not chemotherapy, had a
shorter time to recurrence of breast cancer in this study.

Two separate studies did not demonstrate poorer
outcomes in women with variant CYP2DG6 alleles. 4!
One retrospective study compared OS and progres-
sion-free survival (PFS) of CYP2D6*4 heterogenous
and homozygous women to CYP2D6*1 homozygous
women.’ No association was determined for either OS
(HR, 0.77; 95% CI, 0.32-1.81) or PES (HR, 0.67; 95%
CI, 0.33-1.35) for women with one or more CYP2DG6*4
alleles. Concomitant administration of CYP2D6 inhibi-
tors was not taken into account and the results could
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further be impacted by the diversity of chemotherapy and
radiation therapy some women received. In addition, 19%
of the participants were African American and 15-26%
of African Americans have a CYP2D6*17 allele that was
unaccounted for in this study.” The other study evaluated
the prognostic value of CYP2D6*4 in a large number
of women with ER-positive stage II or III breast cancer
treated with 20 or 40 mg per day of tamoxifen for 2 or
5 years.”! Frozen tumor specimens of women treated in
Sweden were genotyped for CYP2D6*4 and followed for
a mean length of 7.3 years (range, 0.04-17.9 years). The
study results indicated that women with 2 CYP2D6*4
alleles had significantly better DFS than women with 1
or 2 CYP2D6*1 alleles (P=.05 and P=.04, respectively);
however, in a multivariate analysis with tumor stage,
tumor size, and lymph-node status, the result was not
as strong (P=.055). Inhibitors of CYP2D6 were not
accounted for in this study, but the investigators consid-
ered this minor since these drugs were rarely used in the
study population. Comparison of these 2 studies with the
others is difficult since there are multiple differences in
study design, including dose of tamoxifen, duration of
tamoxifen therapy, use of chemotherapeutic treatments,
inclusion of CYP2D6 inhibitors, and the number of vari-
ant alleles genotyped.

Practical Implications

Multiple studies have shown a relationship between
CYP2D6 genotype status, tamoxifen metabolite con-
centrations, and breast cancer outcomes.?*3>3-4! There
are no large prospective trials currently available to
demonstrate improved outcomes for CYP2D6 directed
treatment with tamoxifen, but recent studies indicate
lower endoxifen concentrations are associated with less
pharmacologic activity and poorer outcomes in the poor
metabolizer phenotype and concomitant administration
of CYP2D6 inhibitors. The FDA considers CYP2D6 a
valid biomarker for tamoxifen treatment.* In 2006 an
FDA advisory panel met and made recommendations to
update the tamoxifen label to indicate that postmeno-
pausal women with ER-positive breast cancer who are
treated with tamoxifen are at an increased risk of recur-
rence if they are poor metabolizers of CYP2D6.” The
panel did not reach a consensus on recommendations
for genetic testing for tamoxifen because some members
considered it optional rather than required.

Currently, women being started on tamoxifen ther-
apy should consider CYP2D6 genotyping if they are
candidates for alternative treatment options. While the
available clinical trials were conducted in patients receiv-
ing tamoxifen as adjuvant treatment of breast cancer, the
effect of CYP2D6 on tamoxifen metabolism is pharma-

cologically mediated and independent of disease setting
and applies to all women receiving tamoxifen. If a woman
is genotyped and determined to be a poor metabolizer,
she should be treated with other therapeutic modalities.
Higher doses of tamoxifen in poor metabolizers have not
been studied and there is no current therapeutic concen-
tration identified for endoxifen.

To obtain the most accurate information from
CYP2D6 genotyping, the common variant alleles of the
patient’s ethnic or national origin need to be tested. An
effective multiethnic program should test for at least
CYP2D6*3-6, %9, *10, *17, *41 alleles; however, testing
for multiple alleles via polymerase chain reaction can be
time prohibitive. Until recently, CYP2D6 genotyping
was not readily available for commercial use. In January
2005, the FDA approved a CYP450 array (AmpliChip,
Roche), which quickly analyzes variants of CYP2D6
and CYP2C19. It can precisely and accurately predict
20 CYP2DG6 alleles from a whole blood sample.* Com-
mercial laboratories commonly utilize this technology
and are able to provide results within a few days. The
cost of CYP2D6 genotyping is $500 to $600 per patient
and generally is not covered by insurance, but should be
viewed as an investment in individualized patient ther-
apy for the prevention of life-threatening recurrences.
Of the expected 180,000 newly diagnosed cases of breast
cancer in 2008,? roughly 6,000 of these women will
have ER-positive disease and will be poor metabolizers
of CYP2D6. Pharmacogenetic testing could potentially
alter their outcomes.

Conclusion

Studies evaluating genotype and tamoxifen concentra-
tions or outcomes have included premenopausal women
as well as postmenopausal women, and stages of breast
cancer ranging from newly diagnosed invasive cancer to
metastatic breast cancer.’****! Poor metabolizer pheno-
type and concomitant administration of potent CYP2D6
inhibitors decrease the concentrations of endoxifen at all
stages of breast cancer and may also impact women tak-
ing tamoxifen for primary prevention. Further study is
required to evaluate the significance of poor metabolizers
and CYP2D6 inhibitors in primary prevention, evaluate
tamoxifen dosage adjustment in poor metabolizers, and
determine the optimal sequence of tamoxifen and Als
in ultrarapid metabolizers. The metabolism of Als and
raloxifene is unaffected by CYP2D6 metabolism and
these agents may be considered as therapeutic alternatives
in poor metabolizers of CYP2D6. With further study,
genotyping could provide a means for optimizing out-
comes in the prevention and treatment of ER-positive
breast cancer with hormonal therapy.
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