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Abstract Concurrent use of tamoxifen and cytochrome

P450 2D6 (CYP2D6) inhibitors, such as selective serotonin

reuptake inhibitors, has been shown to decrease plasma

concentrations of tamoxifen metabolites. However, it is

still unclear whether such concurrent use affects tamoxi-

fen’s effectiveness. Thus, the objective of this study is to

determine whether concurrent use of tamoxifen with

CYP2D6 inhibitors increases the risk of recurrence in

patients newly diagnosed with breast cancer. We conducted

a nested case–control analysis within a population-based

cohort from the UK General Practice Research Database.

The cohort included women with a first-ever diagnosis of

breast cancer who were prescribed tamoxifen between

January 1, 1998 and June 30, 2008. Cases consisted of all

patients with a breast cancer recurrence occurring during

follow-up. Up to ten controls were matched to each case on

year of birth, date of cohort entry, and duration of follow-

up. Conditional logistic regression was used to estimate

rate ratios (RR) of breast cancer recurrence in patients who

concurrently used tamoxifen with CYP2D6 inhibitors,

compared to patients who only used tamoxifen. The cohort

included 9,209 incident users of tamoxifen, of whom 807

were diagnosed with a breast cancer recurrence. Concur-

rent use was not associated with an increased incidence of

breast cancer recurrence (adjusted RR 1.07, 95% 0.88,

1.30). Type and strength of CYP2D6 inhibitors, as well as

duration of concurrent use did not affect breast cancer

recurrence. These results remained consistent after per-

forming sensitivity analyses. The results of this large

population-based study indicate that concurrent use of

tamoxifen with CYP2D6 inhibitors does not increase the

risk of recurrence.
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Introduction

For nearly three decades, tamoxifen has been used in

patients with early breast cancer and estrogen-receptor

positive tumors. In the adjuvant setting, a 5-year treatment

has been associated with a 40% reduction in breast cancer

recurrences, and a 30% reduction in breast cancer-related

deaths [1]. While aromatase inhibitors have been shown

to have a superior efficacy and good tolerability over
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tamoxifen in postmenopausal women, tamoxifen remains

the only treatment option in premenopausal women [2, 3].

Tamoxifen is metabolized into its more active metabo-

lites, 4-hydroxytamoxifen and 4-hydroxy N-desmethyl-

tamoxifen (endoxifen), by the cytochrome P450 2D6

(CYP2D6) enzyme. With more than 80 known allelic

variants, polymorphisms of this enzyme have been asso-

ciated with different clinical outcomes in several settings

[4]. With respect to tamoxifen, several studies have shown

that patients with the wild-type (normal) CYP2D6 enzyme

have been shown to have a better prognosis such as time to

recurrence and disease-free survival, than patients with

reduced or absent CYP2D6 enzyme activity [5]. Thus, the

metabolic activity of this enzyme is an important predictor

of treatment outcome.

Over 25% of commonly prescribed drugs are also

metabolized by the CYP2D6 enzyme [4, 6]. These

include antidepressants, anti-arrhythmics, antipsychotics,

and b-blockers [4]. If taken concurrently with tamoxifen,

these drugs can either act as competitive or non-competitive

inhibitors, thereby decreasing CYP2D6 activity. In fact,

concurrent use of tamoxifen and certain antidepressants has

been shown to decrease plasma concentration levels of en-

doxifen [7, 8], raising the concern that such concurrent use

might possibly increase the risk of recurrence in these

patients.

To date, only a few observational studies have been

conducted to investigate the effects of concurrent use of

tamoxifen and CYP2D6 inhibitors on breast cancer recur-

rence [9–16]. Because of certain methodological limita-

tions, these studies have produced inconclusive results. In

one study [10], patients with reduced CYP2D6 function

who took inhibitors during their tamoxifen treatment were

at a greater risk of breast cancer recurrence and cancer-

related death than patients with normal CYP2D6 function

who did not take any inhibitors. While this study revealed

the overall importance of CYP2D6 function, questions

remain as to whether it is the reduced enzyme function or

the use of inhibitors that was responsible for the observed

results. As for those studies finding null associations

[9, 11–16], limitations included small sample sizes, no

consideration of latency time windows, and no adjustment

for potential confounders such as body mass index (BMI)

and smoking.

Given the continued concerns related to the use of

tamoxifen with CYP2D6 inhibitors, which include selec-

tive serotonin reuptake inhibitors (SSRI) [17], carefully

designed, large population-based studies are needed to

evaluate the long-term effects of such concurrent use.

Thus, the objective of this large population-based study

was to determine whether concurrent use of tamoxifen and

CYP2D6 inhibitors increase the risk of recurrence in

patients with breast cancer.

Methods

Data source

This study was conducted using the General Practice

Research Database (GPRD), a primary care database

from the United Kingdom (UK) [18]. The GPRD is the

world’s largest computerized database of longitudinal

records from primary care. It contains the complete pri-

mary care medical record for more than 9.9 million

people (corresponding to around 7.4% of the UK popu-

lation) enrolled in more than 545 general practices. The

geographic distribution of the practices participating in

the GPRD has been shown to be representative of the

UK population, and age and sex distributions of patients

in the GPRD are similar to those reported by the

National Population Census [19]. Participating general

practitioners have been trained to record medical infor-

mation including demographic data, medical diagnoses,

details of hospital stays, and deaths using a standardized

form. Prescriptions written by GPRD physicians are

automatically transcribed into the computer record. In

addition, the GPRD collects information regarding life-

style variables such as BMI, and quantitative and quali-

tative data pertaining to smoking and excessive alcohol

use. The READ classification is used to enter medical

diagnoses and procedures, and a coded drug dictionary

based on the UK Prescription Pricing Authority Dictio-

nary is used for recording prescriptions. The recorded

information on drug exposures and diagnoses has been

validated and proven to be of high quality [20–23]. The

study protocol was approved by the Scientific and Ethical

Advisory Group of the GPRD.

Study population

We conducted a population-based cohort study using a

nested case–control analysis within the GPRD population.

We identified all female patients, at least 18 years of age,

diagnosed with breast cancer for the first time and who

were prescribed at least one tamoxifen prescription

between January 1, 1998 and June 30, 2008. All patients

were required to have at least 1 year of follow-up after

their first tamoxifen prescription. This was to ensure that

all cohort members would have a minimum potential

exposure period of at least 1 year. This was also shown to

be the required time for tamoxifen to exert its beneficial

effects [1]. Cohort entry corresponded to the year after the

first tamoxifen prescription.

We excluded patients with less than 1 year of up-to-

standard medical history in the GPRD prior to the first

tamoxifen prescription, those prescribed tamoxifen before

January 1, 1998, those prescribed tamoxifen more than
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3 months prior to the primary diagnosis, those prescribed a

first tamoxifen prescription more than 12 months after the

primary diagnosis, and women receiving concurrent pre-

scriptions of tamoxifen and aromatase inhibitors.

All patients were followed from cohort entry until a

breast cancer recurrence, death from any cause, end of

registration with the general practice, or end of the study

period (June 30, 2008), whichever came first.

Study design

This was a retrospective cohort study using nested case–

control analysis. This approach was used because of the

time-varying nature of the exposure, the size of the cohort,

and the long duration of follow-up [24]. Thus, in com-

parison to a time-dependent survival analysis, a nested

case–control analysis is computationally more efficient

[25], while producing odds ratios that are unbiased esti-

mators of incidence rate ratios (RR), with little or no loss in

precision [24–26].

Case–control selection

From the cohort of patients described above, we identified

all cases with medical diagnoses of local, regional, and

distant recurrences of breast cancer occurring during fol-

low-up. This definition included contralateral breast can-

cers, secondary primaries, and evidence of metastatic

disease. The calendar date of each case’s breast cancer

recurrence was defined as the index date. Up to 10 controls

were randomly selected from the case’s risk set, after

matching on year of birth (±1 year), date of cohort entry

(±1 year), and duration of follow-up. As a result of the

sampling scheme, all controls were alive, never diagnosed

with a recurrence, and registered with their general practice

when matched to a given case, and thus had equal duration

of follow-up at the risk set date.

Exposure assessment

For each case and control, we obtained all prescription

information between cohort entry and index date. Expo-

sures in the year prior to index date were excluded to take

into account a biologically meaningful latency time win-

dow. Furthermore, exclusion of exposures in this time

period minimizes the possibility that exposure to certain

CYP2D6 inhibitors, such as codeine, might have been

influenced by early signs or symptoms of a breast cancer

recurrence (protopathic bias), as well as detection bias,

where the initiation of a new treatment may lead to an

increase in diagnostic investigations leading to an increase

in the probability of identifying a recurrence.

A tamoxifen treatment was defined as the time between

the first and the last prescription in a patient’s record plus

the specified duration of the last prescription to which an

additional 70 days were added, corresponding to the five

half-life elimination period of the metabolites [27]. In the

UK, tamoxifen is mainly used in the adjuvant setting for

non-metastatic incident breast cancer [28].

Concurrent users were defined as those who were ever

prescribed at least one CYP2D6 inhibitor during their

tamoxifen treatment. Consequently, non-concurrent users

were those who were ever prescribed a CYP2D6 inhibitor

either before or after, but never during their tamoxifen

treatment. The CYP2D6 enzyme has no known inducers

[6]. A total of 51 CYP2D6 inhibitors of varying binding

affinities were considered in this study. These are listed in

the appendix.

Statistical analysis

Descriptive statistics were used to summarize the charac-

teristics of the cohort, along with the most frequently

concurrently prescribed CYP2D6 inhibitors. Person-time at

risk was measured from cohort entry (the year after the first

tamoxifen prescription) to time of event or end of follow-

up. Thus, the crude rate of recurrence, along with confi-

dence intervals based on the Poisson distribution, was

calculated by dividing the number of patients with recur-

rences over the person-time at risk.

The primary analysis consisted of determining whether

concurrent use of tamoxifen and any CYP2D6 inhibitor

increased the risk of recurrence. Thus, cases and controls

were categorized into three mutually exclusive groups

based on the following exposure patterns: (1) tamoxifen

only, (2) concurrent use of tamoxifen with at least one

CYP2D6 inhibitor, and (3) non-concurrent use of a

CYP2D6 inhibitor. The reference category for this analysis

consisted of patients who only used tamoxifen between

cohort entry and index date.

We also conducted three secondary analyses based on

a priori hypotheses. In the first, patients deemed to be ever

concurrent users were further categorized according to

duration of concurrent use. Their duration of concurrent

use was categorized into quartiles based on the distribution

of concurrent use in the controls (\30, 30–90, 90–365, and

C365 days).

In the second analysis, we investigated whether drugs

with different binding affinities to the CYP2D6 enzyme

also differed in their association with respect to breast

cancer recurrence. Given the fact that tamoxifen has a

moderate binding affinity to the CYP2D6 enzyme, it was

hypothesized that CYP2D6 inhibitors with strong or

moderate binding affinities would be more likely to affect

tamoxifen’s effectiveness, and as a result, lead to a higher
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breast cancer recurrence risk than drugs with weak binding

affinities. To investigate this hypothesis, concurrent users

were categorized according into five mutually exclusive

groups of patients: inhibitors only, strong substrates only,

moderate substrates only, weak substrates only, and com-

binations of any of these categories.

Finally, it was of interest to conduct a separate analysis

on antidepressants, as these represent the most frequently

prescribed drug class in this population, often used to treat

tamoxifen-related side effects, such as hot flashes [29].

Thus, concurrent users were categorized into three mutually

exclusive groups: those who used moderate/strong CYP2D6

antidepressants (bupropion, doxepin, duloxetine, fluoxetine,

maprotiline, paroxetine, and sertraline), weak CYP2D6 anti-

depressants (citalopram, escitalopram, fluvoxamine, mirt-

azapine, and venlafaxine), and combinations of moderate/

strong and weak antidepressants. For all the secondary

analyses described above, the reference category consisted

of patients who only used tamoxifen between cohort entry

and index date.

Conditional logistic regression was used to estimate

RRs, along with 95% CIs. In addition to age and date of

cohort entry on which the logistic regression was condi-

tioned, we adjusted for the following potential baseline

confounders: lifestyle variables (measured in the year prior

to cohort entry), which consisted of smoking (ever vs.

never), excessive alcohol use and obesity (BMI C 30), as

well as history of oophorectomy. We also adjusted the

models for the previous use of the following drugs: hor-

mone replacement therapy, antidepressants (other than

CYP2D6 substrates), anti-diabetic agents, NSAIDs (other

than CYP2D6 substrates), benzodiazepines, antipsychotic

drugs (other than CYP2D6 substrates), and statins. All

analyses were conducted with SAS version 9.2 (SAS

Institute, Cary, NC).

Sensitivity analyses

We conducted two sensitivity analyses to assess the

robustness of the results. In the first sensitivity analysis, we

repeated the analyses after considering tamoxifen metab-

olite elimination periods of different lengths. Specifically,

we conducted one analysis which ignored an elimination

period and one assuming a 90-day elimination period. In

the second sensitivity analysis, we assessed the impact of

excluding the year prior to index date, by repeating the

analyses using a 6-month lag period.

Results

A total of 9,209 women were diagnosed with breast

cancer and were prescribed at least one tamoxifen

prescription during the study period (Fig. 1). The mean

(SD) age at cohort entry was 61.7 (13.5) years, and the

mean (SD) duration of follow-up was 4.5 (2.5) years. The

mean (SD) duration of a tamoxifen treatment was 3.1

(1.8) years.

A total of 807 patients experienced a breast cancer

recurrence during 32,682 person-years of follow-up, yield-

ing a crude recurrence rate of 24.7/1000 persons per year

(95% CI 23.0, 26.4). These cases were matched to 7,941

controls. Compared to controls, cases were likely to have

been prescribed antidepressants, antipsychotics, and ben-

zodiazepines at baseline (Table 1).

The five most frequently prescribed CYP2D6 inhibitors

among controls consisted of codeine (26.8%), fluoxetine

(5.1%), citalopram (4.3%), ranitidine (4.0%), and meto-

clopramide (3.6%). Overall, 3,473 (43.7%) controls were

prescribed at least one CYP2D6 inhibitor concurrently with

tamoxifen. Of those, 2,201 (63.4%) were prescribed only

one, 796 (22.9%) were prescribed two, while 476 (13.7%)

were prescribed three or more different drugs at any time

during their tamoxifen treatment. The mean (SD) duration

of concurrent use of tamoxifen and at least one CYP2D6

inhibitor was 289.0 (397.9) days.

The results of the primary analysis are presented in

Table 2. Patients concurrently using tamoxifen with a

CYP2D6 inhibitor were not at an increased risk of breast

cancer recurrence, when compared to patients who only

used tamoxifen during follow-up (adjusted RR 1.07, 95%

0.88, 1.30).

The results of the secondary analyses produced results

similar to those of the primary analysis. Specifically, the

incidence of breast cancer recurrence did not increase

with duration of concurrent use (Table 3). Furthermore,

the type or strength of CYP2D6 molecules did not have

an effect on recurrence (Table 4). Finally, concurrent use

of moderate or strong CYP2D6 antidepressants enzyme

did not increase the incidence of breast cancer recurrence

(Table 5).

Sensitivity analyses

All sensitivity analyses yielded results consistent with

those of the primary analysis. The first sensitivity analysis

consisted of considering different durations of tamoxifen

treatment based on varying the length of the metabolite

elimination period. Ignoring an elimination period alto-

gether and considering one of 90 days had no material

effect on the point estimates (adjusted RR 1.04, 95% CI

0.86, 1.27 and adjusted RR 1.08, 95% CI 0.89, 1.31,

respectively). The second sensitivity analysis consisted of

excluding exposures in the 6 months prior to index date.

This analysis also yielded comparable results (adjusted RR

1.17, 95% CI 0.96, 1.41).
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Fig. 1 Study flow chart

Table 1 Characteristics of

cases and controls

a Cases and controls matched

on these variables
b Other than CYP2D6

substrates

Characteristics Cases (n = 807) Controls (n = 7941)

Age (years), mean (SD)a 63.1 (14.8) 63.1 (14.3)

Duration of follow-up (years), n (%)a 3.3 (1.8) 3.3 (1.8)

BMI

BMI \ 30, n (%) 540 (66.9) 5325 (67.1)

BMI C 30, n (%) 122 (15.1) 1161 (14.6)

Unknown, n (%) 145 (18.0) 1455 (18.3)

Excessive alcohol use, n (%) 5 (0.6) 41 (0.5)

Smoking

Ever, n (%) 285 (35.3) 2579 (32.5)

Never, n (%) 445 (55.1) 4687 (59.0)

Unknown, n (%) 77 (9.5) 675 (8.5)

Oophorectomy, n (%) 34 (4.2) 275 (3.5)

Antidepressant useb, n (%) 80 (9.9) 653 (8.2)

Antipsychotic useb, n (%) 49 (6.1) 369 (4.6)

Benzodiazepine use, n (%) 127 (15.7) 1123 (14.1)

Anti-diabetic agent use, n (%) 26 (3.2) 230 (2.9)

Previous use of hormone replacement

therapy, n (%)

149 (18.5) 1524 (19.2)

NSAID useb, n (%) 236 (29.2) 2412 (30.4)

Statin use, n (%) 55 (6.8) 475 (6.0)
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Discussion

The results of this large population-based study indicate

that tamoxifen-treated patients were frequently prescribed

CYP2D6 inhibitors during their treatment. This concurrent

use did not appear to increase their risk of recurrence. The

results remained unchanged after investigating the effects

of duration of use, and type of CYP2D6 inhibitor used.

Furthermore, all sensitivity analyses yielded results con-

sistent with those of the primary analysis.

Table 2 Breast cancer recurrence in concurrent users of tamoxifen with CYP2D6 inhibitors

Cases (n = 807) Controls (n = 7941) Crude RR (95% CI) Adjusted RR (95% CI)a

Tamoxifen only, n (%) 198 (24.5) 2113 (26.6) 1.00 1.00 (reference)

Concurrent use of tamoxifen with CYP2D6 inhibitors 359 (44.5) 3472 (43.7) 1.12 1.07 (0.88, 1.30)

Note: The numbers of cases and controls do not add up to the total numbers because non-concurrent users of tamoxifen and CYP2D6 inhibitors

are not displayed in the table, but were considered in the regression model

RR rate ratio, CI confidence interval
a Adjusted for obesity (BMI C 30), smoking, excessive alcohol use, history of oophorectomy, previous use of hormone replacement therapy,

anti-depressants (other than CYP2D6 substrates), anti-diabetic agents, NSAIDS (other than CYP2D6 substrates), benzodiazepines, antipsychotic

drugs (other than CYP2D6 substrates), and statins

Table 3 Breast cancer recurrence in concurrent users of tamoxifen with CYP2D6 inhibitors according to duration of use

Cases (n = 807) Controls (n = 7941) Crude RR (95% CI) Adjusted RR (95% CI)a

Tamoxifen only, n (%) 198 (24.5) 2113 (26.6) 1.00 1.00 (reference)

Duration of concurrent use

\30 days, n (%) 103 (12.8) 984 (12.4) 1.13 1.11 (0.86, 1.43)

30–90 days, n (%) 66 (8.2) 655 (8.2) 1.08 1.06 (0.79, 1.43)

90–365 days, n (%) 101 (12.5) 934 (11.8) 1.16 1.08 (0.83, 1.41)

C365 days, n (%) 89 (11.0) 899 (11.3) 1.07 1.00 (0.75, 1.33)

Note: The numbers of cases and controls do not add up to the total numbers because non-concurrent users of tamoxifen and CYP2D6 inhibitors

are not displayed in the table, but were considered in the regression model

RR rate ratio, CI confidence interval
a Adjusted for obesity (BMI C 30), smoking, excessive alcohol use, history of oophorectomy, previous use of hormone replacement therapy,

anti-depressants (other than CYP2D6 substrates), anti-diabetic agents, NSAIDS (other than CYP2D6 substrates), benzodiazepines, antipsychotic

drugs (other than CYP2D6 substrates), and statins

Table 4 Breast cancer recurrence in concurrent users of tamoxifen with CYP2D6 inhibitors, according to drug type

Cases (n = 807) Controls (n = 7941) Crude RR (95% CI) Adjusted RR (95% CI)a

Tamoxifen only, n (%) 198 (24.5) 2113 (26.6) 1.00 (reference) 1.00 (reference)

Concurrent use by CYP2D6 type and strength

Inhibitors, n (%) 6 (0.7) 56 (0.7) 1.18 1.19 (0.51, 2.80)

Strong substrates, n (%)s 16 (2.0) 277 (3.5) 0.62 0.60 (0.35, 1.01)

Moderate substrates, n (%) 29 (3.6) 264 (3.3) 1.20 1.13 (0.75, 1.72)

Weak substrates, n (%) 231 (28.6) 2048 (25.8) 1.21 1.18 (0.95, 1.45)

Combinations of the categories above, n (%) 77 (9.5) 827 (10.4) 1.01 0.94 (0.70, 1.26)

Note: The numbers of cases and controls do not add up to the total numbers because non-concurrent users of tamoxifen and CYP2D6 inhibitors

are not displayed in the table, but were considered in the regression model

RR rate ratio, CI confidence interval
a Adjusted for obesity (BMI C 30), smoking, excessive alcohol use, history of oophorectomy, previous use of hormone replacement therapy,

anti-depressants (other than CYP2D6 substrates), anti-diabetic agents, NSAIDS (other than CYP2D6 substrates), benzodiazepines, antipsychotic

drugs (other than CYP2D6 substrates), and statins
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The results of this study provide further evidence that

CYP2D6 inhibitors do not increase the risk of recurrence in

patients with breast cancer. Indeed, they are concordant

with nearly all observational studies that have specifically

investigated this outcome [9, 11–16]. However, they differ

from those of a recently published study, which found that

regular use of paroxetine during tamoxifen treatment

nearly doubled the risk of breast cancer-related deaths

(hazard ratio 1.91, 95% CI 1.26–2.89) [30]. As part of the

inclusion criteria, the authors restricted their study to

patients who had used only one SSRI during tamoxifen

treatment. Therefore, patients who had never used SSRIs

concurrently with tamoxifen and those had switched from

one SSRI to another were excluded from the analysis.

Thus, patients meeting the inclusion criteria represented

10% of those initially prescribed tamoxifen (2,430 of

24,430 of tamoxifen-treated patients), and had an excep-

tionally high overall mortality rate (1,074 (44%) deaths

after a mean of 2.4 years of follow-up). Questions remain

as to whether these restrictive inclusion criteria may have

affected the generalisability of the results. Furthermore, the

authors limited their analysis to mortality and did not

investigate recurrence. We conducted a separate analysis

on antidepressants, which included not only moderate and

strong SSRIs, but also other antidepressants known to have

strong affinities to the CYP2D6 enzyme. This analysis did

not reveal any association between the concurrent use of

tamoxifen and these drugs. Taken together with the results

of previous published studies [9, 11–16], the use of these

drugs do not appear to affect tamoxifen’s effectiveness, and

thus do not increase the risk of recurrence in patients with

breast cancer.

While there is evidence to suggest that CYP2D6 inhib-

itors do indeed decrease plasma concentration levels of

endoxifen [7, 8], there is accumulating evidence that lower

doses of tamoxifen may confer the same protective effect

on recurrence, with the advantage of reducing serious

adverse events such as venous thrombosis [31, 32]. Ran-

domized controlled trials have shown that doses as low as 1

and 5 mg/day have similar efficacy as the standard 20 mg/

day treatment regimen [31, 32]. This indicates that the

standard tamoxifen dose of 20 mg/day may exceed what is

needed for maximal anti-proliferative activity [31]. Given

this evidence, it is likely that CYP2D6 inhibitors decrease

plasma concentration levels of tamoxifen metabolites

[7, 8], but these reductions may not be sufficient to sig-

nificantly affect tamoxifen’s overall effectiveness.

This population-based study has a number of strengths.

First, we have assembled one the largest population-based

cohort of tamoxifen-treated breast cancer patients followed

for up to 10 years. Second, we compiled an exhaustive list

of over 50 drugs that were available in the UK market

during the study period, known to be metabolized the

CYP2D6 enzyme. This list included both non-competitive

and competitive inhibitors (substrates) of the CYP2D6

enzyme. These were distinguished in terms of type and

strength in secondary analyses. Third, we applied lag

periods of 6 months and 1 year to consider biologically

meaningful latency time windows and minimize the pos-

sibility of protopathic bias. Fourth, our exposure definition

was time-dependent as a result of the sampling scheme

used to select controls. Fifth, because exposure is pro-

spectively entered in the GPRD, the possibility of recall

bias is eliminated. Finally, the GPRD database contains

information on a number of important confounders, such as

BMI, excessive alcohol use, and smoking. Therefore, we

were able to adjust for a number of confounders often

absent in administrative databases.

This study has some of limitations. First, the GPRD

does not collect information on breast cancer prognostic

markers, such as tumor size, histological grade, and nodal

status. However, while these are likely to be good pre-

dictors of recurrence, it is unclear how the presence of

these markers would influence the prescribing of

Table 5 Breast cancer recurrence in concurrent users of tamoxifen with antidepressants

Cases (n = 807) Controls (n = 7941) Crude RR (95% CI) Adjusted RR (95% CI)a

Tamoxifen only, n (%) 198 (24.5) 2113 (26.6) 1.00 (reference) 1.00 (reference)

Concurrent use by antidepressant affinity to the CYP2D6 enzyme

Moderate/strong substrates, n (%) 26 (3.2) 352 (4.4) 0.80 0.75 (0.49, 1.15)

Weak substrates, n (%) 23 (2.9) 231 (2.9) 1.02 1.00 (0.63, 1.58)

Combinations of the categories above, n (%) 56 (6.9) 671 (8.4) 0.89 0.82 (0.59, 1.13)

a Adjusted for obesity (BMI C 30), smoking, excessive alcohol use, history of oophorectomy, previous use of hormone replacement therapy,

anti-depressants (other than CYP2D6 substrates), anti-diabetic agents, NSAIDS (other than CYP2D6 substrates), benzodiazepines, antipsychotic

drugs (other than CYP2D6 substrates), and statins

RR rate ratio, CI confidence interval

Note: The numbers of cases and controls do not add up to the total numbers because concurrent users of tamoxifen and other CYP2D6 inhibitors,

and non-concurrent users of tamoxifen and CYP2D6 inhibitors are not displayed in the table, but were considered in the regression model
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CYP2D6 inhibitors concomitantly with tamoxifen. In

fact, inclusion of these variables in a recent cohort study

had no material effect on the point estimates [15]. Sim-

ilarly, the GPRD does not collect information on

CYP2D6 genotype, which some studies have shown to be

an independent predictor of treatment outcome [5]. Since

this information was not available to the prescribing

physicians, we do not believe that it directly influenced

their decision to concurrently prescribe tamoxifen with a

CYP2D6 inhibitor [33]. Furthermore, all patients in this

study were prescribed tamoxifen, likely with the belief

that they would adequately metabolize the drug. Thus,

CYP2D6 genotype does not satisfy the definition of a

confounder as it was not associated with the exposures of

interest. Second, tamoxifen treatment is usually initiated

outside the primary care setting. However, in UK, patient

follow-up and renewal of prescription are routinely car-

ried out by general practitioners. Finally, drug informa-

tion in the GPRD represents prescriptions written by

general practitioners. As such, it is unknown whether

prescriptions were actually filled at the pharmacy and

whether patients fully complied with the treatment regi-

men. However, we have previously shown that tamoxifen

compliance, as measured by renewal between prescrip-

tions, was over 80% in this population during the study

period [34].

To our knowledge, this is the largest population-based

study to have investigated the effects of concurrent use of

tamoxifen with CYP2D6 inhibitors on breast cancer

recurrence. Using an exhaustive list of known CYP2D6

inhibitors, our results do not indicate an increased risk of

recurrence among concurrent users. These results remained

unchanged after performing several secondary and sensi-

tivity analyses. While the results of this study do not pro-

vide definitive evidence on this question, they add to the

existing literature finding null effects of concurrent use of

tamoxifen with CYP2D6 inhibitors on breast cancer

recurrence.
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Appendix

See Table 6.

Table 6 Cytochrome P450 CYP2D6 inhibitors and substrates

CYP2D6 molecule Type/strength

Amiodarone Inhibitor/strong

Bupropion Substrate/strong

Carvedilol Substrate/moderate

Celecoxib Substrate/weak

Chloramphenicol Substrate/moderate

Chloroquine Inhibitor/strong

Chlorpheniramine Substrate/weak

Chlorpromazine Substrate/moderate

Cimetidine Substrate/weak

Citalopram Substrate/weak

Clemastine Substrate/moderate

Codeine Substrate/weak

Diphenhydramine Substrate/moderate

Doxepin Substrate/moderate

Duloxetine Substrate/moderate

Escitalopram Substrate/weak

Flecainide Substrate/strong

Fluoxetine Substrate/strong

Fluphenazine Substrate/moderate

Fluvoxamine Substrate/weak

Haloperidol Substrate/moderate

Imatinib Mesylate Inhibitor/strong

Levomepromazine Substrate/strong

Lomustine Substrate/weak

Maprotiline Substrate/moderate

Methadone Substrate/moderate

Methotrimeprazine Substrate/inhibitor

Metoclopramide Substrate/moderate

Metoprolol Substrate/moderate

Mexiletine Substrate/moderate

Mirtazapine Substrate/weak

Nefazodone Substrate/weak

Orphenadrine Inhibitor/strong

Paroxetine Substrate/strong

Perphenazine Substrate/weak

Pimozide Substrate/strong

Primaquine Substrate/strong

Propafenone Substrate/strong

Propranolol Substrate/moderate

Quinidine Inhibitor/strong

Ranitidine Substrate/weak

Risperidone Substrate/moderate

Ritonavir Substrate/weak

Sertraline Substrate/moderate

Terbinafine Inhibitor/strong

Thioridazine Substrate/strong

Ticlopidine Substrate/strong

Timolol Substrate/weak
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Table 6 continued

CYP2D6 molecule Type/strength

Trazodone Substrate/moderate

Venlafaxine Substrate/weak

Zuclopenthixol Substrate/weak
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