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A B S T R A C T

Evidence has emerged that the clinical benefit of tamoxifen is related to the functional status of
the hepatic metabolizing enzyme cytochrome P450 2D6 (CYP2D6). CYP2D6 is the key enzyme
responsible for the generation of the potent tamoxifen metabolite, endoxifen. Multiple studies
have examined the relationship of CYP2D6 status to breast cancer outcomes in tamoxifen-treated
women; the majority of studies demonstrated that women with impaired CYP2D6 metabolism
have lower endoxifen concentrations and a greater risk of breast cancer recurrence. As a result,
practitioners must be aware that some of the most commonly prescribed medications coadmin-
istered with tamoxifen interfere with CYP2D6 function, thereby reducing endoxifen concentra-
tions and potentially increasing the risk of breast cancer recurrence. After reviewing the published
data regarding tamoxifen metabolism and the evidence relating CYP2D6 status to breast cancer
outcomes in tamoxifen-treated patients, we are providing a guide for the use of medications that
inhibit CYP2D6 in patients administered tamoxifen.

J Clin Oncol 28:2768-2776. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Millions of women around the world are prescribed
tamoxifen for the prevention or treatment of breast
cancer. Tamoxifen reduces the risk of breast cancer
in women at high risk for the disease by almost half,1

reduces the annual risk of death when administered
following surgery for invasive breast cancer by al-
most 30% annually,2 and may control incurable dis-
ease for months to years in the metastatic setting.3

Tamoxifen is a prodrug, and primary and
secondary metabolism by the cytochrome P450
system generates metabolites significantly more
potent than the parent drug.4 CYP2D6 is the final
and rate-limiting enzymatic step that generates
4-hydroxy N-desmethyltamoxifen (endoxifen), a
potent antiestrogen with pharmacologic character-
istics distinct from the parent drug tamoxifen.5 Clin-
ical studies4,6,7 have demonstrated that CYP2D6
genetic variation affects endoxifen concentrations
and the clinical outcomes of women treated with
tamoxifen,8-16 while other studies17-22 have not con-
firmed this observation. Because women receiving
tamoxifen are often prescribed medications that
have the potential to inhibit CYP2D6, an important
clinical question frequently faced by practitioners
and patients on a daily basis in clinical practice is
“Which medications should be avoided in the set-
ting of tamoxifen?” Here, we review the impor-

tance of tamoxifen metabolism and follow with
recommendations regarding the administration of
CYP2D6 inhibitors in patients taking tamoxifen.

Tamoxifen Metabolism

Tamoxifen is a selective estrogen receptor modu-
lator with either weak estrogenic or weak antiestro-
genic activity, depending on the target tissue.
Following extensive primary and secondary me-
tabolism by the cytochrome P450 system, a num-
ber of metabolites are produced, the most
important of which are shown in Figure 1.7 Of
these metabolites, 4-hydroxytamoxifen and en-
doxifen are pharmacologically the most active in
terms of their ability to inhibit estrogen-stimulated
proliferation.4,23-27 However, in contrast to 4-
hydroxytamoxifen, endoxifen is present at con-
centrations up to 20-fold higher and displays
characteristics pharmacologically distinct from
either tamoxifen or 4-hydroxytamoxifen.5 The
CYP2D6 enzyme is responsible for the oxidation
of the most abundant tamoxifen metabolite, N-
desmethyltamoxifen, to endoxifen (Fig 1).

Genetic Variation and Drug-Induced

Inhibition of CYP2D6 Activity Affects

Endoxifen Concentrations

The CYP2D6 gene is located on chromosome
22 and is highly polymorphic, with 75 different ma-
jor alleles currently known.28 Some of these alleles
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are associated with reduced enzyme function (eg, *9, *10, *17, *29,
*41) or with the absence of enzyme function (eg, *3, *4, *5, *6).
Duplications and multiplications have been reported for several func-
tional and nonfunctional CYP2D6 alleles. Notably, the distribution of
these variant alleles differs by ethnicity (Table 1).29 All variant alleles
are presented on the homepage of the Human CYP Allele Nomencla-
ture Committee.30

As a result of CYP2D6 genetic variation, the concentrations of
endoxifen vary significantly in tamoxifen-treated women.6,7 In a pro-
spective study, endoxifen concentration varied according to the num-
ber of functional CYP2D6 alleles (Fig 2).7 Medications that inhibit
CYP2D6 activity also affect endoxifen concentrations. For example, in

the same study, tamoxifen-treated extensive metabolizers copre-
scribed potent CYP2D6 inhibitors such as paroxetine or fluoxetine
had endoxifen concentrations similar to CYP2D6 genotypic poor
metabolizers (Fig 2).

Endoxifen Is the Primary Tamoxifen Metabolite

Mediating Breast Cancer Activity In Vitro

Recent data demonstrate that endoxifen may have an addi-
tional mechanism of action compared with tamoxifen and 4-
hydroxytamoxifen.5 Endoxifen is a potent antiestrogen in breast
cancer cells that functions in part by targeting estrogen receptor

CYP3A4
CYP3A5 Tamoxifen

CYP2D6
CYP2C9
CYP2C19
CYP1A2

CYP2D6

CYP3A4

OH

SULT1A1

UGTs

4-hydroxytamoxifen

c c
CH3

N-desmethyltamoxifen

CYP2D6

4-hydroxy-N-desmethyltamoxifen

(Endoxifen)

OH

SULT1A1
UGTs

CH2

OCH2CH2N
CH3

H

CH3 CH2

OCH2CH2N
CH3

CH3

CYP3A4
CYP2B6
CYP2C9
CYP2C19

CYP2B6
CYP2C9
CYP2C19

CH3 CH2

c c

OCH2CH2N
CH3

H

CH3 CH2

c c

OCH2CH2N
CH3

CH3
Fig 1. Schematic representation of the

primary and secondary metabolism of ta-
moxifen by the cytochrome P450 system.
The relative contribution of each pathway
to the overall oxidation of tamoxifen is
shown by the thickness of the arrow.
Adapted from Borges et al.7

Table 1. CYP2D6 Allele Frequencies in Different Ethnic Populations

Location of
Population

Functional Nonfunctional Reduced Duplications

New†�1 �2 �39 �3 �4 �5 �6 �9 �10 �17 �29 �41 �1 � N �2 � N �4 � N �10 � N �41 � N

Sub-Saharan Africa 24.4 32.7 — — 2.8 5.9 — — 4.3 12.2 6.7 2.8 2.4 0.8 3.5 — — 1.6
North Africa 11.7 28.3 — — 11.7 3.3 — — — 8.3 — 8.3 — 28.3 — — — —
Middle East 35.1 25.0 — — 6.8 3.7 1.4 — 0.7 2.0 — 16.9 3.7 3.4 — — — 1.4
Europe 34.4 28.7 — 0.3 17.2 3.2 0.6 2.5 2.9 — — 7.0 0.6 1.3 0.6 0.3 — 0.3
Central/South Asia 43.3 29.0 0.2 — 8.1 3.8 — — 3.8 — 0.2 10.5 0.5 0.5 — — — —
East Asia 30.9 16.4 0.2 — 2.7 5.8 — — 39.4 — — 2.3 0.4 0.6 — 1.0 0.2 —
Oceania 70.1 — — — — 1.3 — — 2.6 — — — 11.5 — — — — 12.8
America 60.2 30.1 — — 3.2 0.9 — — — 0.5 — — 2.3 2.8 — — — —

NOTE. A total of 1,060 individuals belonging to 52 populations across the globe were genotyped at 12 variable sites, as well as for gene deletion and duplications.
Data modified with permission.29

�Variant allele.
†New haplotypes identified by Sistonen et al.29
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alpha (ER-alpha) for degradation by the proteasome, blocking ER-
alpha transcriptional activity, and inhibiting estrogen-induced breast
cancer cell proliferation.5 In an in vitro model system in which breast
cancer cells are exposed to clinically relevant concentrations of tamoxifen
and its major metabolites, endoxifen’s effect on ER-alpha degradation,
transcription, and inhibition of proliferation was concentration depen-
dent, with minimal effect at low endoxifen concentrations observed in
CYP2D6 poor metabolizers (20 nmol/L), but significantly greater
effects occurring at concentrations observed in intermediate metabo-
lizers (40 to 60 nmol/L) and extensive metabilizers (80 to 100 nmol/L;
Fig 3).5 These data provide support for the theory that endoxifen is the
key tamoxifen metabolite mediating tamoxifen drug effect in humans.

CYP2D6 ENZYME ACTIVITY AND BREAST CANCER OUTCOMES
IN TAMOXIFEN-TREATED PATIENTS

Using a commonly accepted grading system for grading cancer bi-
omarkers,31,32 we evaluated the quality of the available evidence re-
garding CYP2D6 genotype and/or use of CYP2D6 inhibitors and the
risk of breast cancer recurrence. To date, 15 studies8-22 have provided
evidence on the relationship between CYP2D6 and breast cancer out-
comes in tamoxifen-treated women and are summarized in Table 2.
Thereisnolevel1evidence,whichwouldrequireprospectiverandomized
clinical trials designed to test whether CYP2D6 is associated with tamox-
ifen treatment outcome. One retrospective analysis of a prospective clini-
cal trial8 demonstrated that CYP2D6 genotype was significantly
associated with breast cancer recurrence. This study would constitute
level 2 evidence, although it is important to note that CYP2D6 geno-
typing was not performed in a Clinical Laboratory Improvement
Amendments (CLIA) laboratory setting.

Twelve of the remaining 149-15,17-21 are retrospective studies that
tested the relationship between CYP2D6 genotype or CYP2D6 drug
inhibition and breast cancer outcome. These studies constitute

level 3 or 4 evidence, and seven9-15 showed a positive association
between CYP2D6 status and outcome, whereas five17-21 did not con-
firm this association.

It is important to highlight two retrospective registry database
studies16,22 presented at the 45th Annual Meeting of the American
Society of Clinical Oncology that examined the relationship between
use of CYP2D6 inhibitors and breast cancer recurrence in women
treated with tamoxifen in the adjuvant setting. Aubert et al16 demon-
strated a greater than two-fold higher risk of breast cancer recurrence
when moderate or potent CYP2D6 inhibitors were coprescribed with
tamoxifen (n � 213), while there was no statistically significant asso-
ciation with recurrence in patients coadministered weak inhibitors
(n � 137). In contrast, the study by Dezentje et al22 evaluated a smaller
number of patients coprescribed both weak and potent inhibitors
(n � 150) and did not demonstrate an association between CYP2D6
inhibitor use and breast cancer recurrence.

Factors that strengthen the evidence in favor of CYP2D6 and
breast cancer recurrence include the highly statistically significant
difference in outcome by CYP2D6 genotype for recurrence in the
largest published study (n � 1,325; log-rank P � .001)9 and the fact
that the majority of the retrospective studies demonstrate a positive
association between CYP2D6 status and outcome. Furthermore, plau-
sible biases, such as incomplete CYP2D6 genotyping, lack of consid-
eration for concomitant CYP2D6 inhibitors, lack of differentiation
between potent and weak inhibitors, and inability to account for
adherence (ie, did the patients that were genotyped in the cohort take
the drug?) would be expected to decrease the effect size in the positive
studies and could account for the lack of an association in the negative
studies. Perhaps most importantly, many of the retrospective studies
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Fig 2. Endoxifen concentration according to CYP2D6 activity. (A) Endoxifen
concentrations (nmol/L) in tamoxifen-treated women based on CYP2D6 func-
tional alleles. (B) Endoxifen concentrations in tamoxifen-treated women who are
CYP2D6 extensive metabolizers and who were coprescribed venlafaxine (not a
CYP2D6 inhibitor), sertraline and citalopram (weak CYP2D6 inhibitors), or fluox-
etine and paroxetine (potent CYP2D6 inhibitors). Modified with permission.7
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Fig 3. Effects of clinically relevant concentrations of tamoxifen and its metab-
olites on the estrogen-stimulated proliferation of MCF-7 cells. Estrogen-
stimulated growth of MCF-7 cells is inhibited minimally by clinically relevant
concentrations of tamoxifen and its metabolites (without endoxifen), but growth
is blocked completely in the presence of increasing concentrations of endoxifen
(1,000 nmol/L). Note that 20 nmol/L endoxifen is observed in poor metabolizers
while 100 nmol/L is observed in extensive metabolizers. E2, estradiol; TAM,
tamoxifen; 4HT, 4-hydroxytamoxifen; NDT, N-desmethyltamoxifen. Data adapted
and modified.5
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reported to date have been substantially underpowered, which weak-
ens the level of evidence.

On the basis of early findings, a US Food and Drug Administra-
tion Advisory Committee for Pharmaceutical Science (Clinical Phar-
macology Subcommittee) recommended on October 16, 2006, a label
change to include information that CYP2D6 is an important pathway
in the formation of endoxifen and that postmenopausal women with
ER-positive breast cancer who are CYP2D6 poor metabolizers, by
genotype or because of drug interactions, are at increased risk for
breast cancer recurrence.37

EVIDENCE OF THE CYP2D6 INHIBITORY POTENTIAL
OF MEDICATIONS

We performed a review of the literature and identified medications
whose CYP2D6 inhibitory potential has been studied. In addition,

when a medication was identified as a CYP2D6 inhibitor, we
searched for any evidence of the CYP2D6 inhibitory potential of all
medications belonging to the same class as the inhibitor(s). We
used the US Food and Drug Administration’s definitions when
deciding what constitutes a weak, moderate, or potent CYP2D6
inhibitor.38 In general, the majority of evidence comes from in
vitro studies where the metabolism of a known substrate of
CYP2D6 (ie, dextromethorphan) is studied in the presence of the
inhibitor in human liver microsome cell lines. However, in vitro
inhibition does not always predict the in vivo inhibitory potential
of a medication. A potent inhibitor should, in theory, be able to
demonstrate in vivo phenoconversion of an extensive metabolizer
to a poor metabolizer, which generally translates to a � 80%
decrease in the clearance of a substrate in the presence of the
inhibitor (ie, dextromethorphan metabolic ratio). In general, in
vivo demonstration or lack of inhibition constitutes more reliable

Table 2. Studies Examining the Relationship Between CYP2D6 Status and Outcome

Study Study Design

No. of Tamoxifen-
Treated Patients

in Analysis Comparison Groups

Recurrence Survival

Outcome 95% CI Outcome 95% CI

Goetz et al8 Retrospective analysis of prospective
adjuvant tamoxifen trial (NCCTG
89-30-52)33

225 Decreased metabolism
(defined as at least
one �4 allele or
potent inhibitor) v not

RFS 1.74 1.10 to 2.74 N/A

Schroth et al9 Retrospective observational trial 1,325 PM/PM (*3, *4, *5) v
EM/EM IM (*10, *41
or PM/EM) v EM/EM

PM TTR 1.90
IM TTR 1.40

1.10 to 3.28
1.04 to 1.90

N/A

Kiyotani et al10 Retrospective observational study 67 �10/�10 v �1/�1 RR 10.04 1.17 to 86.27 N/A
Xu et al11 Retrospective observational study 152 �10/�10 v not DFS 4.7 1.1 to 20 N/A
Newman et al12 Retrospective observational study 68† PM/PM (�3, �4, �5, or

use of potent
inhibitor) v not

RFS 3.6 0.9 to 13.4 OS 9.7 2.3 to 41.0

Gonzalez-Santiago
et al13 Retrospective observational study 84 �4 v not DR 2.82 1.0 to 7.9 N/A

Schroth et al14 Retrospective observational study 206 �4, �5, �10, �41 v not RFT 2.24 1.16 to 4.33 N/A
Bijl et al15 Retrospective analysis of population

based cohort study (Rotterdam
study)35

85 �4 v not N/A MR 2.1 1.1 to 4.2

Ramón et al17 Retrospective observational study 91 PM v IM v EM DFS 98 v 114 v
118 months
(P � .413)

N/A

Nowell et al18 Retrospective observational study 165 �4 v not DR 0.67 0.33 to 1.35 OS 0.77 0.32 to 1.81
Wegman et al19 Retrospective analysis of randomized

clinical trial (Stockholm Breast
Cancer Group)36

76‡ �4 v not Recurrence rate
ratio‡ 0.28 v
0.91

0.11 to 0.74 v
0.53 to 1.57

N/A

Wegman et al20 Retrospective observational study 111§ �4 v not RFS 0.33 0.08 to 1.43 N/A
Okishiro et al21 Retrospective observational study 173 �10/�10 v not RFS 0.60 0.18 to 1.92 N/A
Aubert et al16 Retrospective analysis of medical

and pharmacy claims database
1,653 CYP2D6 potent

inhibitor (n � 213) v
not)

Potent: RR 2.20 1.46 to 3.31 N/A

Weak inhibitor
(n � 137) v not

Weak: RR 1.07 0.79 to 1.45

Dezentje et al22 Retrospective analysis of national
medical, pathology, and pharmacy
database

1,990 Any inhibitor
(n � 150) v not

RR 1.00 0.60 to 1.50 N/A

NOTE. Adjusted HRs were used when available.
Abbreviations: CYPD26, cytochrome P450 2D6; NCCTG, North Central Cancer Treatment Group; RFS, relapse-free survival; N/A, not available; ABCSG, Austrian

Breast and Colorectal Cancer Study Group; PM, poor metabolizer; OR, odds ratio; RR, recurrence rate; DFS, disease-free survival; OS, overall survival; DR, disease
recurrence; RFT, relapse free time; MR, mortality rate; IM, intermediate metabolizer; EM, extensive metabolizer; HR, hazard ratio.

�Variant allele.
†Newman et al12 demonstrated a significant association between CYP2D6 and recurrence in BRCA2 mutation patients (n � 68) but not in BRCA1 mutation patients

(n � 47).
‡No. of patients reflects tamoxifen-treated patients who are estrogen receptor–positive (52 � 24). Adjusted HR (*4 v not) not provided.
§No. of patient reflects patients treated with tamoxifen for 5 years.
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clinical evidence of the inhibitory potential of a certain drug.
Ideally, demonstration of a direct effect on endoxifen concentra-
tions in tamoxifen-treated women would constitute the most di-
rect evidence possible. However, such evidence exists for only a
small number of antidepressants (Table 3).

Table 3 lists the results of our review of the literature. Medications
are grouped into moderate-to-potent inhibitors (in vivo evidence for
conversion of extensive metabolizers into poor metabolizers, or in
vitro evidence for potent inhibition of CYP2D6 comparable to other
potent inhibitors), weak-to-moderate inhibitors (medications that

would be expected to reduce endoxifen concentrations to a lesser
degree than potent inhibitors but are unlikely to phenoconvert indi-
vidual patients), and medications expected to have little effect on
CYP2D6 function. A limited discussion of the evidence for individual
medication classes follows.

Drugs Used to Treat Depression and Hot Flashes

The selective serotonin reuptake inhibitor and the selective-
norepinephrine reuptake inhibitor drugs are commonly used in
women with breast cancer to treat depression and hot flashes. Five of

Table 3. Major Drug Classes Divided by Known CYP2D6 Inhibitory Activity

Class

Moderate-to-Potent Inhibitors With
Clearly Demonstrated or Expected

In Vivo Inhibition†

Weak-to-Moderate Inhibitors That
Have Demonstrated or Could Potentially

Have Some In Vivo Effect‡
Alternative Drugs Expected to
Have Little In Vivo Inhibition§

SSRI/SNRIs Paroxetine� Sertraline� Venlafaxine�

Fluoxetine� Citalopram� Desvenlafaxine
Bupropion Fluvoxamine Reboxetine
Duloxetine Escitalopram

Mirtazapine
Tricyclic antidepressants Clomipramine

Doxepin
Desipramine
Imipramine
Amitriptyline
Nortriptyline

Antipsychotics Thioridazine Chlorpromazine Thiothixene
Perphenazine Fluphenazine Clozapine
Pimozide Haloperidol Risperidone

Clozapine
Olanzapine
Ziprasidone
Quetiapine

Cardiac medications Quinidine Amiodarone Diltiazem
Ticlopidine Nicardipine

Verapamil
Amlodipine
Felodipine
Nifedipine

Medications for infectious diseases Terfenadine Ritonavir Indinavir
Quinidine� Halofantrine Saquinavir

Chloroquine Nelfinavir
Delavirdine
Nevirapine
Efavirenz

H2 blockers Cimetidine Ranitidine
H1 blockers¶ Clemastine Chlorpheniramine

Tripelennamine Cetirizine
Promethazine Loratadine
Hydroxyzine
Diphenylpyraline

Miscellaneous medications Cinacalcet Celecoxib Gabapentin

Abbreviations: CYP2D6, cytochrome P450 2D6; SSRI, selective serotonin reuptake inhibitor; SNRI, selective noradrenergic reuptake inhibitor; AUC, area under the
concentration-time curve.

�Medications with in vivo data that demonstrate an effect on endoxifen concentrations when coprescribed with tamoxifen.
†Medications classified as moderate-to-potent inhibitors have demonstrated in vivo inhibition of CYP2D6 substrates with an increase in the plasma AUC of the

substrate by at least two-fold or higher and/or in vitro inhibition using human liver microsome systems with in vitro inhibition constant (Ki) values � 1 �mol/L. These
medications are expected to have or have demonstrated phenotypic conversion of extensive metabolizers to poor metabolizers and significant reduction in endoxifen
levels. They should not be administered to women receiving tamoxifen for prolonged periods of time.

‡Medications classified as weak-to-moderate inhibitors have demonstrated in vivo inhibition of CYP2D6 substrates with an increase in the plasma AUC of the
substrate by less than two-fold and/or in vitro inhibition using human liver microsome systems with Ki values in the range of 2 to 10 �mol/L. Although these
medications have either demonstrated lesser reductions in endoxifen levels, or could potentially result in reduction of endoxifen levels, it is unclear what the clinical
importance of such reductions may be.

§Medications classified as “alternative drugs, expected to have little in vivo inhibition” are not expected to have any effect on endoxifen levels.
�Quinidine is mentioned both as a cardiac and an antimalaria medication.
¶Not a comprehensive review of all antihistamines.
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these drugs have direct evidence of their effect on endoxifen levels in
patients receiving tamoxifen (Fig 2). From these, the most potent
CYP2D6 inhibitors are fluoxetine and paroxetine.39 When these
medications are coadministered with tamoxifen to genotypic ex-
tensive metabolizers, observed endoxifen concentrations are similar
to those observed in genotypic poor metabolizers (Fig 2).7 Sertraline
and citalopram (Fig 2) are weaker inhibitors of CYP2D6,40-42 and
neither can convert extensive metabolizers into poor metabolizers.7,41

Venlafaxine is commonly used for the treatment of depression and hot
flashes43 and is considered to have little or no inhibition of CYP2D6.44

None of the other antidepressants have direct evidence in regard
to their effect on endoxifen concentrations. Their effects in regards to
CYP2D6 inhibition are listed in Table 3 and are derived from in vitro
and in vivo pharmacokinetic studies.39,42,45-53 It is important to high-
light buproprion and duloxetine, because these drugs exhibit in vitro
inhibition close to that of fluoxetine and paroxetine.45,47

Tricyclic Antidepressants

Clomipramine is the only known tricyclic antidepressant with
documented conversion of extensive metabolizers to poor
metabolizers.54-56 The remaining tricyclics have either weak CYP2D6
inhibitory activity57 or no in vivo evidence exists.57,59

Gabapentin

Gabapentin is used for the treatment of hot flashes60 in addition
to multiple other indications. It is not thought to be an inhibitor of
CYP2D6 and thus is a reasonable alternative for the treatment of hot
flashes in women who use tamoxifen.

Antipsychotic Medications

Of the typical antipsychotics, thioridazine, perphenazine, and
pimozide are the most potent CYP2D6 inhibitors, with in vitro data
suggesting inhibition of CYP2D6 comparable to that of quinidine.61-63

Chlorpromazine is a moderate inhibitor with in vitro inhibition sim-
ilar to that of citalopram and sertraline.61,62 The rest of the antipsy-
chotics are considered weak inhibitors.61,62,64-66

Cardiac Medications

Quinidine is one of the most potent CYP2D6 inhibitors known,
with inhibitory potential similar to that of fluoxetine and paroxetine.67

Ticlopidine is also a potent inhibitor although not to the same degree
as quinidine.68-70 Amiodarone and calcium channel blockers are
weaker inhibitors.71-73

Additional Medications

Other medications with known effects on CYP2D6 are listed in
Table 3.74-84 It is important to note that there is a long list of histamine
H1 antagonists available by prescription and over the counter, and
these drugs exist in multiple formulations and combinations and have
several different brand names, making a systematic review of their
CYP2D6 inhibitory potential difficult. However, many of the antihis-
tamines are known moderate inhibitors of CYP2D6.85-90

GUIDANCE ON THE COPRESCRIPTION OF CYP2D6 INHIBITORS
WITH TAMOXIFEN

In providing the following grading recommendations, we have used
the terminology proposed by the Grading of Recommendations As-

sessment, Development and Evaluation (GRADE) working group.91

In this grading system, the strength of a recommendation depends
on the balance between desirable and undesirable consequences,
the quality of the evidence, and the uncertainty and variability in
the patients’ values and preferences. Thus, in the context of this
review, the following should be taken into careful consideration: We,
the authors, place a high value in the prevention of breast cancer
recurrence and a low value on the risk of discontinuing a certain
CYP2D6 inhibitor and/or switching to an alternative medication
when available. We also recognize that in most clinical situations,
alternative management strategies exist.

The evidence in support of these recommendations is not based
on prospective clinical trials designed to test the relationship between
CYP2D6 inhibiting medications and breast cancer outcomes in
tamoxifen-treated women but rather on retrospective analyses of pro-
spectively studied patients (level 2 evidence) and other retrospective
studies (level 3 to 4 evidence). Confidence regarding the CYP2D6
inhibitory potential of the medications studied ranges from high,
when in vivo data consistently demonstrate subject phenoconversion,
to low, when conflicting or scant in vitro data are available. In addi-
tion, there are no published data regarding CYP2D6 inhibition for
many drugs. Future research is likely to change our understanding of
the CYP2D6 inhibitory potential of many drugs.

In clinical practice, values and preferences vary. For example, the
value regarding the risk associated with discontinuing a CYP2D6
inhibitor may be higher than the value placed on the risk of breast
cancer recurrence, especially when the baseline risk of breast cancer
recurrence is thought to be low. As a result of these considerations, a
strong recommendation reflects our confidence that the benefit from
the proposed intervention clearly outweighs the risk of the interven-
tion and that most informed patients would choose the recommended
intervention. A weak recommendation reflects our opinion that de-
spite the lack of strong evidence, given the low risk of the proposed
intervention, and the general presence of alternative options, the ben-
efits from the intervention probably outweigh the harms. However,
we expect that there will be variability in adherence to a weak recom-
mendation, based on individual patient’s values and preferences.

Recommendations

We recommend that potent CYP2D6 inhibitors be avoided in
women receiving tamoxifen. (Strong)

Weak-to-moderate CYP2D6 inhibitors can reduce endoxifen
concentrations, but neither prospective data nor retrospective level 2
evidence exists regarding their effects on breast cancer recurrence.
While the in vivo concentration of endoxifen needed to maximally
inhibit breast cancer proliferation is unknown, there is concern that
this class of medications may have a more pronounced effect in pa-
tients considered genotypic CYP2D6 intermediate metabolizers than
in patients considered extensive metabolizers. Given the lack of direct
data, we did not make specific recommendations regarding discontin-
uation of these medications in tamoxifen-treated women. (No recom-
mendation) However, when alternative options are available within a
given drug class, consideration should be given to a drug with the least
amount of CYP2D6 inhibition. (Weak)

When the use of a drug known to potently inhibit CYP2D6 is
necessary, consideration should be given to treat with the inhibitor for
the shortest period of time possible. (Weak)
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We believe that the recommendations for tamoxifen therapy and
CYP2D6 inhibiting drugs are best made with knowledge regarding
the patient’s CYP2D6 genotype, given that prospective studies
demonstrate that low plasma endoxifen concentrations result from
either genetic CYP2D6 variation or from the coadministration of
potent CYP2D6 inhibitors.6,7 For postmenopausal women treated
with tamoxifen in either the adjuvant or metastatic breast cancer
setting, when it is necessary to use a drug known to potently inhibit
CYP2D6, or when a patient is a known CYP2D6 poor metabolizer,
discontinuation of tamoxifen and initiation of an alternative hor-
monal therapy (eg, aromatase inhibitor) should be consid-
ered. (Weak)

In contrast, the lack of approved alternatives in premenopausal
women receiving tamoxifen either for treatment or prevention of
breast cancer and the lack of data regarding CYP2D6 in these settings
makes such considerations more challenging. While two major pro-
spective clinical trials are underway to investigate the role of ovarian
function suppression and aromatase inhibitors in premenopausal
women (International Breast Cancer Study Group [IBCSG] 24-02
and IBCSG 25-02), early results of the Austrian Breast and Colo-
rectal Cancer Study Group 12 (ABCSG-12) trial demonstrate no
significant differences in disease-free survival comparing women
who received ovarian function suppression (OFS) � anastrozole
and OFS � tamoxifen.92 While the latter data suggest that OFS �
anastrozole may be a reasonable alternative to OFS � tamoxifen
for women who require treatment with a potent CYP2D6 inhibi-
tor, we believe that further data are needed regarding the long-term
safety of OFS � anastrozole in premenopausal women, especially
since early data from this study demonstrated a strong trend to-
ward worse survival in women treated with OFS � anastrozole
(P � .065).92 (No recommendation)

In conclusion, evidence for the possible detrimental effect of
CYP2D6 inhibition in tamoxifen-treated women is accumulating.
While conclusive evidence is lacking in many settings, recommenda-
tions regarding the use of CYP2D6 inhibitors in tamoxifen-treated

women can be made given the relative safety of discontinuing or
switching these medications in most, but not all, situations.
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