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Abstract Pharmacological evidence shows that cyto-

chrome P450 2D6 (CYP2D6) function is important in the

conversion of tamoxifen to its active metabolites. Many

retrospective analyses have assessed the role of both

CYP2D6 genotype and concurrent administration of drug

inhibitors of CYP2D6 on outcome of tamoxifen therapy.

These studies have frequently been of small size and their

data highly variable. A published data meta-analysis of

trials evaluating outcomes of tamoxifen therapy in early

breast cancer was undertaken. Hazard ratios (HRs) were

extracted for disease-free survival (DFS) and overall sur-

vival (OS). Pooled estimates were computed using inverse-

variance and random-effect modeling. Data from 10 studies

assessing CYP2D6 genotype were included in a meta-

analysis. There was significant heterogeneity in the defi-

nition of comparison groups between studies. When

compared to reduced CYP2D6 function, normal function

was associated with a trend toward improved DFS (HR

2.07, 95% CI 0.96–4.49, P = 0.06) but not OS (HR 1.36,

95% CI 0.73–2.52, P = 0.34). Pooling of data from two

studies evaluating CYP2D6 drug inhibitors showed that

concomitant administration of these with tamoxifen was

associated with a non-significant association with DFS (HR

1.37, 95% CI 0.69–2.73, P = 0.37). Analysis of the effect

of CYP2D6 drug inhibitors on OS was not possible. The

effect of CYP2D6 genotype on breast cancer seems to be

relatively small and may not warrant testing of CYP2D6

genotype in all women with hormone receptor positive

breast cancer. The effect of CYP2D6 genotype on outcome

in low-risk patients may not be clinically relevant, while

the upfront use of aromatase inhibitors is a reasonable

alternative to tamoxifen in high-risk post-menopausal

women, irrespective of CYP2D6 genotype. There are lim-

ited data supporting the association of potent inhibitors of

CYP2D6 and detrimental outcome, but avoidance of such

drugs seems reasonable.
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Introduction

Tamoxifen is a selective estrogen receptor modulator,

which is used in the treatment of hormone receptor positive

breast cancer. Tamoxifen is a pro-drug, which is metabo-

lized by hepatic cytochrome P450s (CYP) to produce

its primary metabolites: N-desmethyltamoxifen and

4-hydroxy-tamoxifen (4-HT), which are formed by CYP3A

and CYP2D6 [1, 2]. Oxidation of these metabolites results

in the formation of the 4-hydroxy-N-desmethyltamoxifen

(endoxifen) [2]. Endoxifen and 4-HT are the most potent

metabolites of tamoxifen [3, 4]. In a steady state, plasma

concentrations of endoxifen are 5–10 times higher than

4-HT and in contrast to 4-HT endoxifen also down-regu-

lates expression of nuclear estrogen receptor-a (ER-a) in

cancer cells [5, 6]. Therefore, endoxifen is considered to be

the most important metabolite of tamoxifen.

CYP2D6 is an important enzyme in the conversion of

tamoxifen into endoxifen, but its activity is not an absolute

requirement. CYP2D6 activity is determined genetically

but may also be affected by drugs (e.g., CYP2D6 inhibi-

tors). To date, more than 75 allelic variants of CYP2D6

gene have been reported [7]. They have different activities:
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(a) functional or wild-type (wt) alleles (e.g., *1, *2), (b)

alleles with reduced activity (e.g., *10, *17), (c) non-

functional alleles (e.g., *3, *4, *5, *6), and (d) alleles with

unknown activity. Whereas wt and non-functional alleles

are the most frequent in Caucasian populations, alleles with

reduced activity are more frequent in Asians, Africans, and

Afro-Americans [8]. Activity of CYP2D6 enzyme in every

individual is determined by two inherited alleles.

Approximately 6–10% of Caucasians are homozygous for

two non-functional alleles (i.e., poor metabolizers) while

up to 30% of Asians are homozygous for two alleles with a

reduced activity [8].

Pharmacokinetic studies in Caucasian and Asian women

have shown that those who carry two non-functional alleles

(e.g., *4) have an approximately fourfold decrease in

plasma concentrations of endoxifen while those with two

alleles with reduced activity (i.e., *10) have approximately

twofold reduction in concentration compared to women

who are homozygous for two wt alleles [9, 10]. In contrast

to individuals who are homozygous or heterozygous for wt

CYP2D6 alleles and have normal CYP2D6 function (i.e.,

normal or extensive metabolism), individuals homozygous

or compound heterozygous for alleles with reduced and/or

absent function are considered to have reduced CYP2D6

function (i.e., intermediate or poor metabolism) [8]. Drugs,

which are strong CYP2D6 inhibitors (e.g., paroxetine) can

further decrease plasma concentrations of endoxifen irre-

spective of genetic background [9].

Studies assessing the role of CYP2D6 genotype have

been particularly prevalent with a large and diverse body of

data having been published in this area. All studies pub-

lished thus far have been retrospective cohort or case–

control studies, many have been very small in size and

results have been very variable. Furthermore, there has

been heterogeneity in the comparison groups used in

studies. Consequently, results from these studies have been

conflicting [11–17]. Similarly, population-based studies did

not consistently demonstrate that concurrent use of

CYP2D6 inhibitors and tamoxifen is detrimental in women

with early breast cancer [18–20]. The present study,

therefore, aimed to pool data from differing sources and

assess the impact of both CYP2D6 genotype and CYP2D6

drug inhibitors on both disease-free (DFS) and overall

survival (OS) of tamoxifen-treated patients with early

breast cancer.

Materials and methods

Study identification

Studies were identified using a computerized search of

MEDLINE (host: OVID), January 1950 to February, week

6, 2010, American Society of Clinical Oncology Annual

Meetings, 2006–2009, San Antonio Breast Cancer Sym-

posium Annual Meetings 2006–2009. All review articles

and references from manuscripts from retrieved articles

were screened for pertinent studies.

Selection criteria

For inclusion in the meta-analysis, studies fulfilled the

following criteria: patients received any duration of

tamoxifen for early stage, invasive breast cancer (Stage I to

III), and assessed DFS, event-free (EFS), relapse-free

(RFS) or OS as outcomes in a proportional hazards analysis

(univariable or multivariable). Pharmacodynamic studies

were excluded as were studies in metastatic breast cancer.

Outcomes for analysis

Outcomes were dichotomized into two groups: DFS and

OS. If data on DFS were not available, data on EFS or RFS

were assessed. These data were expressed as hazard ratios

(HRs) of genotypes associated with normal CYP2D6

function (i.e., extensive metabolism) of tamoxifen over

reduced CYP2D6 function (i.e., intermediate or poor

metabolism). 95% confidence intervals (CI) were calcu-

lated for each point estimate.

Data extraction

Both authors independently extracted information using

pre-designed forms. The following details were recorded:

study design, participants, setting, interventions, duration

of treatment, and efficacy outcomes. Any discrepancies

regarding the extraction of quantitative data or assessment

of the quality were addressed by consensus. When a trial

was presented in abstract form, further information was

sought as necessary (from the internet, contacting authors

or checking for other available resources/publications). For

studies with more than one publication, data were extracted

from all the publications; however, the final or updated

version of each trial was considered the primary reference.

Assessment of study quality

Study quality was assessed using modified criteria for

case–control studies developed by the US Preventive Ser-

vices Task Force [21].

Data synthesis

Data were combined into a meta-analysis whenever pos-

sible. Categorical data were only included where it could

be divided into dichotomous outcomes. If the data could
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not be combined in a meta-analysis it was summarized in

the text and grouped by outcome as appropriate. All data

were entered using RevMan 5 analysis software (The

Cochrane Collaboration, Copenhagen, Denmark).

Pooled estimates of HR were computed using a random-

effect model [22] according to the generic inverse-variance

approach [23]. The random-effect model was utilized in view

of clinical heterogeneity in the study population. The

included studies assessed both Caucasian and Asian popu-

lations and tested for different polymorphisms in the

CYP2D6 gene. There was also variability in the duration of

tamoxifen therapy with some data including patients treated

for 2 years and other data based on 5 years of treatment.

However, the most critical area of heterogeneity was the

comparison groups used by the different studies. Conse-

quently, for analysis purposes, studies were dichotomized

into those that used a genotype-based approach and those

comparing a function-based approach, as per Bradford

criteria [8]. In studies using a genotype-based approach,

patients homozygous for wt alleles (i.e., normal CYP2D6

function) were compared to those with one or no wt alleles

(i.e., combination of normal and reduced CYP2D6 func-

tion); for example *wt/*wt vs. *4/*4 and *4/*wt [15, 17,

24]. In studies using a function-based approach patients

homozygous or heterozygous for wt alleles (i.e., normal

CYP2D6 function) were compared to those who were

homozygous or compound heterozygous for reduced

function alleles (i.e., reduced CYP2D6 function); for

example, *wt/*wt vs. homozygous or compound hetero-

zygous for *3, *4, *5, *10, *41, or *wt/*wt and *wt/*10 vs.

*10/*10 [13, 14]. Data from all studies were pooled for

descriptive purposes only. Sensitivity analyses were carried

out to assess the interaction of ethnic origin, and duration

of tamoxifen therapy. For all analyses, funnel plots were

generated to assess for publication bias as evidenced by

asymmetry.

Results

Included studies

Twenty-four studies were identified [11–20, 24–37]. Of

these, six studies did not meet inclusion criteria: studies by

Toyama et al. [33], Ramon y Cajal et al. [34], and Lash

et al. [37] did not analyze data by proportional hazards

analysis, Rae et al. [36] assessed the association of

CYP2D6 and the proliferation marker Ki67 and not with

survival outcomes, a study by Wegman et al. [32] com-

pared a tamoxifen-treated group with a non-tamoxifen-

treated group while Abraham et al. [31] did not use a

standardized genotype definition. A further five studies

were excluded due to repeated data: two studies from

Goetz [11, 25] and one from Schroth [16] were combined

and updated in a single, later publication [13] while

Kiyotani published an expanded dataset [12], therefore, the

original publication [30] was not used. Finally, a study by

Goetz et al. [27] was excluded as its data were partly based

on previously published reports of CYP2D6 and outcomes.

Three studies assessing the association between CYP2D6

drug inhibitors and breast cancer outcome met the inclusion

criteria, and they were analyzed separately from studies

assessing CYP2D6 genotype. Of these, studies by Aubert

et al. [18] and Dezentje et al. [19] presented only DFS while

Kelly et al. [20] only presented OS. Consequently, pooling of

data was carried out for the two studies reporting DFS while

Kelly et al. was assessed descriptively.

Therefore, 10 studies were included in the meta-analysis

of CYP2D6 genotype. Of these nine studies [12–15, 17, 24,

26, 28, 29] were included in the analysis of DFS and four

studies [13, 15, 26, 35] were included in the analysis of OS.

These analyses included 3120 and 1570 patients, respec-

tively. Table 1 presents these studies and their main out-

comes. In the analysis of CYP2D6 drug inhibitors, two

studies containing 3621 patients were pooled for DFS

while the analysis for OS contained the 2430 patients

included in the study by Kelly et al. [20].

Of all the above, nine studies were published as full

papers [12–15, 17, 20, 26, 29, 35] and four studies were

only available in abstract form [18, 19, 24, 28]. Sufficient

data were available from publically available sources for

all studies. Therefore, specific authors did not need to be

contacted. There were no discrepancies in outcome data

extracted by the two reviewers, therefore j was not

calculated.

Study quality

In total two studies were considered of good quality [13, 26],

three studies were considered of fair quality [12, 14, 29] and

eight studies were graded as poor quality [15, 17–20, 24, 28,

35] (see Table 1). The agreement between the two reviewers

was moderate (j = 0.650, 95% CI 0.109–0.901) and dis-

agreement was resolved by consensus in all cases.

Association between CYP2D6 genotype and DFS

Single study HRs ranged from 0.33 to 9.52 and were sta-

tistically significant in four studies [12–14, 24]. Pooled

analysis showed a non-significant trend toward an increase

in risk of disease recurrence with a HR of 1.41 (95% CI

0.94–2.10, P = 0.08, see Fig. 1). Subgroup analysis by

ethnic origin showed the pooled HR was 1.22 (95% CI

0.88–1.68, P = 0.24) and 2.94 (95% CI 0.52–16.55,

P = 0.22) for Caucasians and Asians, respectively (see

Table 2). Subgroup analysis by duration of tamoxifen
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therapy showed that the pooled HR for 5 years of tamox-

ifen was 1.78 (95% CI 0.57–5.54, P = 0.32), for less than

5 years of tamoxifen was 0.87 (95% CI 0.38–1.97,

P = 0.74) and for an unspecified duration was 1.30 (95%

CI 0.91–1.36, P = 0.14). Once again, none of these were

statistically significant (see Table 3). Finally, as shown in

Table 4, in those studies using a function-based compari-

son, the pooled HR was 2.07 (95% CI 0.96–4.49,

P = 0.06) while in the studies using a genotype-based

comparison, the pooled HR was 1.06 (95% CI 0.60–1.86,

P = 0.85, see Fig. 1). The funnel plot (not shown) showed

good symmetry suggesting a low-likelihood of publication

bias.

Association between CYP2D6 genotype and OS

Single study HRs ranged from 0.77 to 2.5 and were not

statistically significant in any of the five studies. Pooled

analysis showed a small and non-significant association

toward an increased risk of death with a HR of 1.24 (95%

CI 0.93–1.67, P = 0.14, see Fig. 2). Subgroup analysis by

ethnic origin could not be carried out as none of the Asian

studies reported OS. Subgroup analysis by duration of

tamoxifen therapy showed that the pooled HR for 5 years

of tamoxifen was 2.50 (95% CI 0.76–8.20, P = 0.13), for

less than 5 years of tamoxifen was 1.59 (95% CI 0.93–

2.73, P = 0.09) and for an unspecified duration was 1.11

(95% CI 0.86–1.44, P = 0.43). None of these estimates

were statistically significant (see Table 3). Finally, as

shown in Table 4, in function-based comparison studies,

the pooled HR was 1.36 (95% CI 0.73–2.52, P = 0.34)

while in genotype-based comparison studies, the pooled

HR was 1.20 (95% CI 0.60–2.40, P = 0.61, see Fig. 2).

Once again, the funnel plot (not shown) showed good

symmetry suggesting a low-likelihood of publication bias.

Association between CYP2D6 drug inhibitors and DFS

Two studies [18, 19] were pooled for this analysis. Single

study HRs ranged from 0.95 to 1.92 and were statistically

Table 1 Characteristics of studies included in meta-analysis

Trial No of

patients

Study

quality

Genotypes compared Tamoxifen

administration

DFS OS

HR P 95% CI HR P 95% CI

Nowell [15] 160 Poor *wt/*wt vs. *4/*4 and *4/*wt NS 0.67 0.19 0.33–

1.35

0.77 0.51 0.32–

1.81

Gonzalez-

Santiago [24]

84 Poor *wt/*wt vs. *4/*4 and *4/*wt NS 2.82 0.049 1.00–

7.92

NS NS NS

Wegman [17]a 111 Poor *1/*1 vs. *1/*4 and *4/*4 20–40 mg for

5 years

0.33b 0.14b 0.08–

1.43b
NS NS NS

Wegman (2007)

[17]a
103 Poor *1/*1 vs *1/*4 and *4/*4 20–40 mg for

2 years

0.87b 0.74b 0.38–

1.97b
NS NS NS

Xu [14] 152 Fair wt vs. *10/*10 20 mg for 5 years 4.7 0.04 1.1–

20.0

NS NS NS

Newman [26] 115 Good wt vs. homozygous or compound

heterozygous for *3, *4, *5,

20 mg for 5 years 1.9 0.19 0.8–4.8 2.5 0.17 0.8–8.2

Okishiro [29] 170 Fair wt vs. *10/*10 20 mg for 5 years 0.6 0.39 0.18–

1.92

NS NS NS

Bijl [35] 85 Poor *1/*1 vs *1/*4 and *4/*4b 20–40 mg over

2–5 years

NS NS NS 1.59b 0.09b 0.93–

2.73b

Schroth [13] 1325 Good wt vs. homozygous or compound

heterozygous for *3, *4, *5, *10

or *41

NS 1.29 0.02 1.03–

1.61

1.15 0.32 0.88–

1.51

Thompson [28] 618 Poor wt vs. reduced function allele

(non-specific)

NS 1.52 0.06 0.98–

2.36

NS NS NS

Kiyotani [12] 282 Fair wt vs. homozygous or compound

heterozygous for *4, *5, *10,

*10–*10, *14, *21, *36–*36,

and *41

20 mg for 5 years 9.52 \0.001 2.79–

32.45

NS NS NS

DFS disease-free survival, OS overall survival, HR hazard ratio, wt wild-type, NS not specified
a Data for Tamoxifen therapy over 2 years presented separately from 5 year data
b Data for *1/*4 and *4/*4 pooled
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significant in one study [18]. Pooled analysis showed a

small and non-significant association toward worse DFS

with a HR of 1.37 (95% CI 0.69–2.73, P = 0.37).

Association between CYP2D6 drug inhibitors and OS

Only one study was identified as meeting inclusion criteria.

Kelly et al. [20] assessed the impact of a number of

selective serotonin reuptake inhibitors on breast cancer

outcome of 2430 women treated with tamoxifen. While a

multivariable analysis was carried out, it was weakened by

the lack of inclusion of any breast cancer prognostic fac-

tors. Results showed that the strong CYP2D6 inhibitor

paroxetine was associated with worse survival in a co-

administration time-dependent manner. The HR for 25%

co-treatment of tamoxifen and paroxetine was 1.24 and

increased to 1.91 for 75% co-treatment. It should be noted,

however, that the assessment of other potent inhibitors of

Fig. 1 Forrest plot showing the

effect of normal versus non-

normal CYP2D6 function on

disease-free survival

Table 2 Sensitivity analysis for the effect of ethnic group

Ethnic group No of patients DFS

HR 95% CI Test for heterogeneity P

Caucasian [13, 15, 17, 24, 26, 28] 2516 1.22 0.88–1.68 0.09

Asian [12, 14, 29] 604 2.94 0.52–16.55 0.004

Table 3 Sensitivity analysis for the effect of tamoxifen treatment duration

Tamoxifen treatment

duration

DFS OS

No of

patients

HR 95% CI Test for

heterogeneity P
No of

patients

HR 95% CI Test for

heterogeneity P

5 years [12, 14, 17, 26, 29] 830 1.78 0.57–5.54 0.002 115 2.50 0.76–8.20 N/A

Less than 5 years [17, 35] 103 0.87 0.38–1.97 N/A 85 1.59 0.93–2.73 N/A

Not specified [13, 15, 24, 28] 4257 1.30 0.91–1.86 0.11 3555 1.11 0.86–1.44 0.38
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CYP2D6 such as fluoxetine did not show such a significant

adverse outcome and this impairs the face validity of these

data.

Discussion

In contrast to men and to pre-menopausal women with

early breast cancer, in post-menopausal women there are

numerous therapeutic options for adjuvant endocrine ther-

apy including both tamoxifen and aromatase inhibitors

(AIs). In this setting, any tool which allows prediction of

superiority of one treatment over the other has clinical

utility. Assessment of CYP2D6 function has been sug-

gested as one such tool [9] and a number of studies have

been carried out to assess its role. Two separate approaches

of assessing CYP2D6 function have been evaluated; the

role of CYP2D6 genotype as well as the effect of concur-

rent administration of drug inhibitors of CYP2D6 on out-

come of women with early breast cancer.

Pooled analysis of CYP2D6 genotype showed that there

was a non-significant trend towards improved DFS in

patients with normal (at least one wt allele) CYP2D6

genotype (HR 1.41, P = 0.10). However, as mentioned

above, due to the heterogeneity in comparison group def-

inition, such pooling is flawed. Studies were therefore

dichotomized according to the Bradford criteria [8] into

those that compared normal CYP2D6 function to reduced

function (i.e., function-based approach) and those com-

paring normal to a combination of normal and reduced

Table 4 Sensitivity analysis for the effect of metabolizer status

Metabolizer status DFS OS

No. of

patients

HR 95% CI Test for

heterogeneity

P

No. of

patients

HR 95% CI Test for

heterogeneity

P

Function-based approach

Normal vs. reduced function (homozygous or

heterozygous wild-type versus homozygous or

compound heterozygous for non- and/or low-functioning

alleles) [12–14, 26, 29]

2044 2.07 0.96–4.49 0.005 1440 1.36 0.73–2.52 0.21

Genotype-based approach

Normal vs normal ? reduced function combined
(homozygous wild-type alleles versus combination of

heterozygous wild-type and homozygous or compound

heterozygous for non- or low-functioning allele) [15, 17,

24, 28, 35]

1076 1.06 0.60–1.86 0.04 245 1.20 0.60–2.40 0.16

Fig. 2 Forrest plot showing the

effect of normal versus non-

normal CYP2D6 function on

overall survival
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function groups (i.e., genotype-based approach). When this

analysis was undertaken, there was a decrease in DFS

trending towards statistical significance in the reduced

function group compared to those with genotypes confer-

ring normal function (HR 2.07, 95% CI 0.96–4.49,

P = 0.06). This finding was not seen in the combined

normal and reduced function group (HR 1.06, 95% CI 0.6–

1.86, P = 0.85) likely due to the effect being diminished

by the inclusion of patients who were heterozygous for wt

alleles, a group considered to have normal CYP2D6

function. Results for OS, showed that genotypes associated

with reduced CYP2D6 function were again associated with

a non-significant detrimental outcome (HR 1.24, 95% CI

0.93–1.67, P = 0.14). These data are suggestive that

CYP2D6 genotypes, which confer reduced enzyme func-

tion, may be associated with increased risk of breast cancer

recurrence with adjuvant tamoxifen therapy, although the

magnitude of this association appears both relatively small

and highly variable between different patients. Clinical

relevance of this association may be further diminished by

the fact, that definition of breast cancer recurrences often

includes loco-regional recurrences, and new primary breast

tumors.

Pooled analysis of CYP2D6 drug inhibitors showed that

there was a non-significant association between DFS and

concomitant use of CYP2D6 inhibitors (HR 1.37, 95% CI

0.69–2.73, P = 0.37). Finally, only one poor quality study

contributed to assessment of the effect of CYP2D6 drug

inhibitors on OS [20]. This study showed significantly

poorer OS among women taking paroxetine, but not other

potent CYP2D6 inhibitors and interpretation of this study

should be undertaken with caution.

Women who are poor metabolizers (i.e., homozygous

for non-functional alleles) still produce some endoxifen

and 4-HT [9]. However, it is unknown whether decreased

plasma levels of metabolites of tamoxifen still have clini-

cally relevant anti-cancer effect. The Oxford overview

suggested no difference in outcome between trials using

higher doses of tamoxifen (e.g., 30–40 mg/day) as com-

pared to the more commonly used dose of 20 mg per day

[38]. It is possible that lower doses than 20 mg/day of

tamoxifen are equally effective, at least in patients con-

sidered to have normal CYP2D6 function (i.e., homozy-

gous or heterozygous for wt alleles). It had been

demonstrated in a small randomized clinical trial that lower

doses of tamoxifen (e.g., 1 or 5 mg/day) show similar

effects on the tumor proliferation marker Ki67 as higher

doses (20 mg/day) [39]. It is, however, not known whether

this effect has clinical relevance.

Our present analysis suggests there is a potential detri-

mental effect of impaired metabolism of tamoxifen on the

basis of CYP2D6 genotype or concomitant administration

of tamoxifen and CYP2D6 drug inhibitors. However, the

magnitude of this effect seems relatively small and may not

be clinically relevant in all scenarios, especially in women

with a low-risk breast cancer. As compared to women with

a low-risk disease, suboptimal or inefficient endocrine

therapy can be associated with worse outcome in women

with high-risk disease. In post-menopausal women with

high-risk disease, upfront use of AIs is a reasonable alter-

native to tamoxifen, irrespective of CYP2D6 genotype [40,

41]. It remains unclear whether the advantage of upfront

AIs over tamoxifen is mainly due to the minority of

patients with CYP2D6 genotypes associated with reduced

function as suggested by a model by Punglia [42]. Results

of further analysis of adjuvant clinical trials with AIs, will

hopefully answer this question and are eagerly awaited. In

pre-menopausal women, tamoxifen is still the gold stan-

dard and clinical trials evaluating AIs in combination with

ovarian ablation are ongoing.

The data described above do have limitations. All the

individual studies from which data were extracted were

retrospective and even though most studies used multi-

variable analysis to control for breast cancer prognostic

factors, it is possible that other unknown confounders may

bias the data. Importantly, none of the included studies

assessed the impact of compliance with medication. Recent

data show that patients who have normal CYP2D6 function

are more likely to discontinue their tamoxifen possibly due

to an increase in adverse effects [43]. It is possible that

such reduced compliance in these patients may reduce the

beneficial effect [19] of their metabolic status compared

with those who have reduced CYP2D6 function and are

more compliant. Furthermore, in this study we have pooled

data from patients who have both intermediate and poor

CYP2D6 function (i.e., reduced CYP2D6 function). It

could be argued that such pooling is inappropriate. How-

ever, the aim of this study was to assess whether reduced

CYP2D6 function was associated with detrimental breast

cancer outcomes. We feel that the methodology addressed

this aim sufficiently.

Of interest, similar findings were recently obtained from

an analysis of published and unpublished studies by Goetz

et al. [27]. This study, which evaluated the association

between CYP2D6 genotype and breast cancer outcome is

currently not publically available but data were obtained

from the primary author. Results of this analysis, also

showed a non-significant association between CYP2D6

genotype and DFS (HR = 1.07; 95% CI 0.88–1.31,

P = 0.51), and OS (HR = 0.92; 95% CI 0.72–1.18,

P = 0.50). It should be noted that similar to the current

study, this analysis could also be substantially biased by

retrospective data included in the analysis.

In conclusion, according to the results of pooled analysis

of retrospective studies, the effect of CYP2D6 genotype on

breast cancer seems to be relatively small and may not
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warrant testing of CYP2D6 genotype in all women with

endocrine positive breast cancer. While in low-risk women

effect of CYP2D6 genotype may not be clinically relevant,

upfront use of AIs is a reasonable alternative to tamoxifen

in high-risk post-menopausal women, irrespective of

CYP2D6 genotype. Clear cut-offs for decisions of whether

to perform CYP2D6 genetic testing or not cannot be rec-

ommended on the basis of the data presented. However,

CYP2D6 genetic testing might be especially valuable in

high risk post-menopausal women if they start tamoxifen

as part of the sequencing/switching strategy, or in those

already on an AI but having side effects for which

switching to tamoxifen is considered. Tamoxifen remains

the standard of care in pre-menopausal women and in men

and therefore, there is currently no data to support CYP2D6

testing in these groups. Data evaluating the impact of

CYP2D6 drug inhibitors remains insufficient for formal

evaluation. However, in most settings, there are alternative

drugs to potent inhibitors of CYP2D6 on the market and

therefore, it would appear reasonable to avoid such drugs in

combination with tamoxifen. Hopefully, prospective stud-

ies and retrospective analysis of adjuvant studies of AIs

will provide us with definitive answers regarding the

impact of CYP2D6 function in women with breast cancer

on tamoxifen.
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