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ABSTRACT
ObjeCtive
To compare differences in mortality between women 
concomitantly treated with tamoxifen and selective 
serotonin reuptake inhibitors (SSRIs) that are potent 
inhibitors of the cytochrome-P450 2D6 enzyme 
(CYP2D6) versus tamoxifen and other SSRIs.
Design
Population based cohort study.
setting
Five US databases covering individuals enrolled in 
private and public health insurance programs from 
1995 to 2013.
PartiCiPants
Two cohorts of women who started taking tamoxifen. 
In cohort 1, women started taking an SSRI during 
tamoxifen treatment. In cohort 2, women were already 
taking an SSRI when they started taking tamoxifen.
Main OutCOMe Measures
All cause mortality in each cohort in women taking 
SSRIs that are potent inhibitors of CYP2D6 (paroxetine, 
fluoxetine) versus other SSRIs. Propensity scores were 
used to match exposure groups in a variable ratio 
fashion. Results were measured separately for each 
cohort and combined hazard ratios calculated from 
Cox regression models across the two cohorts with 
random effects meta-analysis.
results
There were 6067 and 8465 new users of tamoxifen in 
cohorts 1 and 2, respectively. Mean age was 55. A total 
of 991 and 1014 deaths occurred in cohorts 1 and 2 
during a median follow-up of 2.2 (interquartile range 
0.9-4.5) and 2.0 (0.8-3.9) years, respectively. The 
pooled hazard ratio for death for potent inhibitors (rate 
58.6/1000 person years) compared with other SSRIs 
(rate 57.9/1000 person years) across cohorts 1 and 2 

was 0.96 (95% confidence interval 0.88 to 1.06). 
Results were consistent across sensitivity analyses.
COnClusiOn
Concomitant use of tamoxifen and potent CYP2D6 
inhibiting SSRIs versus other SSRIs was not associated 
with an increased risk of death.

Introduction
Breast cancer is the most common invasive cancer and 
is the leading cause of cancer related mortality among 
women worldwide.1  One in every four diagnoses of can-
cer among women is for breast cancer, and breast can-
cer accounts for 15% of cancer deaths in women.2  
Nearly half of women with breast cancer report depres-
sion, anxiety, or both in the first year after diagnosis. 
Some studies have found higher mortality rates in 
patients with breast cancer and depression compared 
with those without depression.3 4

Tamoxifen is a selective estrogen receptor modula-
tor that reduces the risk of recurrence of breast cancer 
by about half in women with hormone receptor posi-
tive tumors (which account for about two thirds of all 
breast cancers), reduces the risk of breast cancer mor-
tality by about a third, and reduces the risk of all 
cause mortality by about 22%.5 6  A prodrug, tamoxi-
fen is converted by the cytochrome P450 (CYP) 
enzyme system into two active metabolites.7  Conver-
sion of tamoxifen to endoxifen, the more important 
metabolite, is mediated by CYP2D6.8  About a quarter 
of women using tamoxifen also take selective sero-
tonin reuptake inhibitors (SSRIs), and the SSRIs, 
 paroxetine and fluoxetine, are potent inhibitors of 
CYP2D6.9  Concern has been raised that, by inhibiting 
CYP2D6, these drugs might reduce the bioavailability 
of endoxifen, which could reduce tamoxifen’s 
 effectiveness.10

Little evidence is available to guide decisions about 
treatment with SSRIs in women with breast cancer. One 
observational study reported increasing rates of death 
from breast cancer and all cause mortality with increas-
ing duration of concomitant exposure to tamoxifen and 
paroxetine; no such association was observed for fluox-
etine, however, which is also a potent inhibitor of 
CYP2D6.11 The evidence on the effect of concomitant 
exposure to tamoxifen and SSRIs, especially those that 
are potent inhibitors of CYP2D6 enzyme activity, 
remains inconclusive.

We compared differences in mortality between 
women concomitantly treated with tamoxifen and 
SSRIs that are potent inhibitors of CYP2D6 (paroxetine, 
fluoxetine) versus women treated with tamoxifen plus 
other SSRIs.

WhAT IS AlReAdy knoWn on ThIS TopIC
Nearly half of women with breast cancer report depression, anxiety, or both, which 
are associated with an increased risk of mortality
Tamoxifen, a prodrug that reduces recurrence of breast cancer and associated 
mortality, is activated by the cytochrome-P450 (CYP) enzyme (CYP2D6)
The selective serotonin reuptake inhibitors (SSRIs), paroxetine and fluoxetine, are 
potent inhibitors of CYP2D6 and could theoretically reduce the bioavailability of the 
main tamoxifen active metabolite, which could reduce the its effectiveness

WhAT ThIS STudy AddS
In a large population of women treated with tamoxifen, use of paroxetine and 
fluoxetine versus SSRIs that do not inhibit CYP2D6 did not increase the risk of death
SSRI inhibition of CYP2D6 does not seem to reduce the effectiveness of tamoxifen

http://
http://crossmark.crossref.org/dialog/?doi=10.1136/bmj.i5014&domain=pdf&date_stamp=2016-09-30
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Methods
Data sources and settings
We assembled data from five US electronic healthcare 
databases, covering individuals who received health 
insurance coverage from commercial and public payors 
from 1995 to 2013. Specifically, we used the Optum 
Research Database (2004-13), which comprises data on 
UnitedHealth enrollees; Medicare data linked to phar-
macy claims data from CVS Caremark (2005-08), the 
Pennsylvania Pharmaceutical Assistance Contract for the 
Elderly (PACE; 1995-2005), and the New Jersey Pharma-
ceutical Assistance to the Aged and Disabled (PAAD; 1995-
2005); and data from the Medicaid Analytic Extract (MAX; 
2001-06) covering Medicaid beneficiaries in 49 states and 
the District of Columbia. Medicare provides health insur-
ance to older Americans (age 65 and older) and to those 
with certain disabilities, and Medicaid provides insur-
ance benefits to low income individuals and families. 
Each database contains data on demographic and enroll-
ment records, inpatient and outpatient diagnoses and 
procedures, outpatient pharmacy dispensing, and death 
information. Combined, these databases represent each 
of the three main insured segments of the US population.

Participants and study design
We identified all women in each database who started 
taking tamoxifen. We defined initiation by requiring 
that women have at least 180 days of tamoxifen-free 
continuous enrollment in the database before their first 
prescription for tamoxifen. We further restricted the 
study population to those who were concomitantly 
exposed to an SSRI. We formed two separate cohorts 
based on whether women initiated the SSRI after 
tamoxifen initiation (cohort 1) or whether they had an 
active SSRI prescription at the time of tamoxifen initia-
tion (cohort 2) (fig 1 ).12 We defined an active SSRI pre-
scription as a dispensation before the tamoxifen 
initiation and with a number of days’ supply that over-
lapped the date of tamoxifen initiation. We excluded 
from both cohorts those women who used aromatase 
inhibitors before the date of tamoxifen initiation.

Patient involvement
Our study was a secondary data analysis and did not 
include patients as study participants. No patients were 

involved in setting the research question or the outcome 
measures, nor were they involved in the design and 
implementation of the study. There are no plans to 
involve patients in dissemination.

exposure
SSRIs were classified as those that are potent inhibitors 
of CYP2D6 (paroxetine and fluoxetine) and those that 
are not potent inhibitors of CYP2D6 (citalopram, escit-
alopram, fluvoxamine, and sertraline). In each cohort, 
patients were considered as exposed if they received 
tamoxifen and a potent CYP2D6 inhibiting SSRI and 
were considered unexposed if they received tamoxifen 
and another SSRI.

Outcome and follow-up
We compared rates of all cause mortality between the 
two exposure groups. All cause mortality was ascer-
tained from data provided by Medicare for patients 
enrolled in Caremark, PAAD, and PACE and from Medic-
aid for patients enrolled in MAX. For the Optum 
Research Database, we ascertained death status 
through linkage to the Death Master File from the Social 
Security Administration. Follow-up for all cause mortal-
ity started on the day after the first date of concomitant 
tamoxifen and SSRI exposure (that is, the index date), 
corresponding to the SSRI initiation date for cohort 1 
and the tamoxifen initiation date for cohort 2. In the 
main analysis, we allowed women to contribute person 
time until the first of death, disenrollment from the 
health plan, or end of available data during follow-up. 
In an “as treated” sensitivity analysis, we censored 
women at the earliest of death, disenrollment from the 
health plan, end of data availability, switching between 
SSRI groups, or discontinuation of either drug (allow-
ing a 14 day gap between days’ supply of consecutive 
dispensing).

Covariates
Covariates were assessed during a baseline period 
before each woman’s index date. The baseline period in 
cohort 1 was defined as the 180 days before tamoxifen 
initiation plus the days between the dates of tamoxifen 
and SSRI initiation (fig 1 ). In cohort 2, the baseline 
period was defined as the 180 days before the date of 
tamoxifen initiation (fig 1 ). We used Medical claims 
from the baseline period to assess the stage, site, and 
previous screening and treatments for breast cancer 
(see appendix 1 for breast cancer diagnoses and proce-
dure codes). We determined the duration of tamoxifen 
use before the index date for those in cohort 1 and the 
numbers of days since the most recent SSRI dispensing 
before the index date for those in cohort 2. Use of pre-
scribed drugs, including other drugs used to treat 
depression and anxiety and drugs for conditions asso-
ciated with mortality, such as cardiovascular diseases, 
was also measured. We also assessed exposure to other 
drugs that affect the CYP2D6 enzyme, including both 
inducers and inhibitors (see appendix 1). Chronic dis-
ease burden was measured with the combined Charlson 
index and the Elixhauser measure score, which 

180 day tamoxifen-free period

Covariate assessment period Follow-up starts on �rst SSRI initiation date

Tamoxifen exposure

SSRI exposure
Cohort 1

180 day tamoxifen-free period

Covariate assessment period Follow-up starts on �rst tamoxifen initiation date

Tamoxifen exposure

SSRI exposure
Cohort 2

Fig 1 | Descriptions of cohorts of women with breast cancer according to initiation of ssris 
and tamoxifen
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 summarizes 20 clinical conditions.13 Measures of use of 
healthcare, including numbers of physician visits, days 
spent in hospital, and dispensed drugs were also 
assessed during the baseline period.

statistical analysis
We used propensity scores to summarize the covariates 
listed above. Propensity scores, the probability of being 
exposed to potent CYP2D6 inhibiting SSRIs versus other 
SSRIs, were estimated separately for each database. 
Exposed and unexposed groups were matched on the 
propensity scores in a variable ratio of up to 1:10. That 
is, we used a nearest neighbor algorithm to match 
exposed individuals to up to 10 unexposed individuals 
within a caliper of 0.025 on the propensity score scale. 
This enabled us to leverage the larger group of unex-
posed patients while still realizing the benefits of pro-
pensity score matching.

The distributions of baseline covariates were com-
pared between exposed and unexposed groups in both 
unmatched and matched cohorts in each database and 
in the total population of patients across all five data-
bases. To assess covariate balance in the variable ratio 
matched cohort, we randomly selected one unexposed 
individual from each set of women matched to an 
exposed individual, yielding a sample of unexposed 
individuals of the same size as the exposed group, 
which permits direct comparison of covariate distribu-
tions between groups.14

We performed propensity score matching and effect 
estimation separately within each cohort and within 
each database. Cox proportional hazards models, strat-
ified on the matching ratio, were used to estimate haz-
ard ratios and 95% confidence intervals. We then 
combined the results between cohorts 1 and 2 and 
across databases using a random effects meta-analysis. 
We quantified statistical heterogeneity across the esti-
mates using I2.

sensitivity analyses
In the as treated analysis, we estimated the effect of 
concomitant exposure to tamoxifen and SSRIs on mor-
tality only while women were exposed to both drugs 
during follow-up. We also repeated the primary analy-
sis in those concomitantly exposed to tamoxifen and 
SSRIs for at least 30, 60, 90, 120, 180, and 240 days; in 
these analyses, follow-up began at 30, 60, 90, 120, 180, 
and 240 days, respectively, after the first day of concom-
itant tamoxifen and SSRI exposure. We carried out 
these analyses to assess the presence of a potential 
exposure duration-response effect. In separate sub-
group analyses, we repeated the main, as treated, and 
duration of concomitant exposure analyses among the 
subpopulation of women with a diagnosis of breast 
cancer recorded during the baseline period. We also 
examined paroxetine and fluoxetine as separate expo-
sure groups. To do this, we re-estimated propensity 
scores predicting paroxetine use versus use of SSRIs 
that are not potent CYP2D6 inhibitors and predicting 
fluoxetine use versus use of SSRIs that are not potent 
CYP2D6 inhibitors and separately re-matched patients 

and estimated hazard ratios and 95% confidence inter-
vals in these matched cohorts. Lastly, given that the 
American Society of Clinical Oncology (ASCO) guide-
lines recommend tamoxifen as standard adjuvant endo-
crine treatment for breast cancer among premenopausal 
women,15 we examined potential effect modification by 
age (that is, ≤50 and >50) by including an exposure-by-
age product term in the Cox regression model. Unless 
otherwise noted, sensitivity analyses were performed 
with the same statistical methods applied in the main 
analyses.

Results
Patients’ characteristics
We identified 6067 women who were new users of 
tamoxifen in cohort 1 and subsequently became con-
comitantly exposed to SSRIs; 2268 were exposed to 
potent CYP2D6 inhibiting SSRIs and 3799 were exposed 
to other SSRIs. In cohort 2, we identified 8465 new users 
of tamoxifen who were already active users of SSRIs at 
the time of tamoxifen initiation; 3531 were users of 
potent CYP2D6 inhibiting SSRIs and 4934 were exposed 
to other SSRIs. Table 1 summarizes the characteristics of 
patients in each cohort for both unmatched and pro-
pensity score matched groups (complete list of covari-
ates is provided in table A, appendix 2). There were no 
major differences in patients’ characteristics between 
the two exposure groups even before matching patients. 
In cohort 1, the matched groups included 2026 users of 
potent CYP2D6 inhibiting SSRIs (1205 paroxetine and 
821 fluoxetine) and 3774 users of other SSRIs (934 citalo-
pram, 1121 escitalopram, 19 fluvoxamine, and 1649 ser-
traline). In cohort 2, the matched groups included 3025 
users of potent inhibiting SSRIs (1653 paroxetine and 
1372 fluoxetine) and 4823 users of other SSRIs (1205 cit-
alopram, 1329 escitalopram, 33 fluvoxamine, and 2201 
sertraline). Matching further reduced differences in 
observed covariates between exposure groups in both 
cohorts. The mean age of patients in cohorts 1 and 2 was 
56 (SD 14) and 55 (SD 13), respectively. Overall, 57% of 
the potent CYP2D6 inhibiting SSRI group used paroxe-
tine. About half of the patients in both cohorts had a 
diagnosis code for breast cancer recorded in the 180 
days before tamoxifen initiation; more than half of 
these diagnoses were for stage 0 or I disease. On aver-
age, patients in cohort 1 used tamoxifen for 148 days 
before their first SSRI exposure.

Main results
During a median follow up of 2.2 (interquartile range 
0.9-4.5) years, 991 patients in cohort 1 died at a rate of 
64.3 deaths (95% confidence interval 60.4 to 68.4) per 
1000 person years. In cohort 2, there were 1014 deaths 
over a median follow-up of 2.0 (0.8-3.9) years, for a rate 
of 53.3 (50.1 to 56.7) per 1000 person years. Table B in 
appendix 2 shows crude results before propensity score 
matching. Figure 2 shows the hazard ratios for death 
stratified by each database and cohort after adjustment 
with propensity score matching. The pooled rates of 
death were 58.6/1000 person years among users of 
SSRIs that are potent inhibitors and 57.9/1000 person 
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years for users of other SSRIs. When we pooled the haz-
ard ratios across databases within each cohort, con-
comitant exposure to tamoxifen and SSRIs that inhibit 
CYP2D6 was not associated with an increase in all cause 
mortality compared with concomitant exposure to 
tamoxifen and other SSRIs in either cohort 1 (hazard 
ratio 0.91, 0.80 to 1.04) or cohort 2 (1.02, 0.89 to 1.16). 
The hazard ratio for the combined pooled estimates for 
both cohorts was 0.96 (0.88 to 1.06). There was no sta-
tistical heterogeneity in any of the pooled estimates 
(I2<1% for all analyses).

sensitivity analyses
In the as treated analysis in which patients were cen-
sored when they switched between SSRI groups or 
when they discontinued treatment with either tamoxi-
fen or an SSRI, the overall pooled estimate was similar 
to that of the primary analysis estimate (hazard ratio 
0.99, 95% confidence interval 0.67 to 1.46; I2=0%; table 2  
and table C in appendix 2). When we stratified the pri-
mary analysis by length of concomitant exposure, the 
pooled hazard ratios were similar to the primary analy-
sis results (fig 3 ). We found no differences in mortality 
among patients concomitantly exposed to tamoxifen 
and paroxetine versus SSRIs that are not potent inhibi-
tors of CYP2D6 or among those concomitantly exposed 
to fluoxetine versus SSRIs that are not potent inhibitors 

table 2 | risk of all cause mortality associated with concomitant use of tamoxifen and CYP2D6 inhibiting selective serotonin reuptake inhibitors (ssris) 
versus tamoxifen and other ssris in sensitivity analyses. Hazard ratios shown with 96% confidence intervals
study design Deaths/total Person years rate* Hr (95% Ci)
Primary/main analysis
Pooled databases (cohort 1) 991/5749 15 419 64.3 0.91 (0.80 to 1.04)
Pooled databases (cohort 2) 1014/7793 19 0210 53.3 1.02 (0.89 to 1.16)
Overall population (cohorts 1 and 2) 2005/13 542 34 448 58.2 0.96 (0.88 to 1.06)
sensitivity analyses
As treated analysis‡
 Pooled databases (cohort 1) 39/5749 1751 22.2 0.68 (0.34 to 1.38)
 Pooled databases (cohort 2) 77/7793 3273 23.5 1.19 (0.75 to 1.89)
 Overall population (cohorts 1 and 2) 116/13 542 5024 23.0 0.99 (0.67 to 1.46)
Patients with pre-existing breast cancer diagnosis (stages 0-IV)
 Pooled databases (cohort 1) 429/3071 7571 56.7 0.99 (0.81 to 1.21)
 Pooled databases (cohort 2) 460/4199 9779 47.0 1.07 (0.88 to 1.31)
 Overall population (cohorts 1 and 2) 889/7270 17 350 51.2 1.03 (0.89 to 1.18)
Patients with pre-existing breast cancer diagnosis (stages I-IV only)
 Pooled databases (cohort 1) 316/1760 4472 70.7 0.95 (0.75 to 1.21)
 Pooled databases (cohort 2) 346/2524 6059 57.1 1.07 (0.85 to 1.33)
 Overall population (cohorts 1 and 2) 662/4284 10 530 62.9 1.04 (0.86 to 1.26)
Paroxetine use v other SSRIs§
 Pooled databases (cohort 1) 312/3936 9327 33.5 1.03 (0.80 to 1.33)
 Pooled databases (cohort 2) 466/5824 13 671 34.1 0.89 (0.72 to 1.11)
 Overall population (cohorts 1 and 2) 778/9760 22 998 33.8 0.95 (0.81 to 1.12)
Fluoxetine use v other SSRIs¶
 Pooled databases (cohort 1) 284/4047 9180 30.9 0.99 (0.73 to 1.34)
 Pooled databases (cohort 2) 458/5685 13 178 34.8 1.05 (0.85 to 1.31)
 Overall population (cohorts 1 and 2) 742/9735 22 358 33.2 1.04 (0.87 to 1.25)
*Rate per 1000 person years.
†All sensitivity analyses used main effects analytic approach, except for analysis explicitly described as “as treated” sensitivity analysis.
‡Patients censored at earliest of death, disenrollment from health plan, end of data availability, switching between SSRI groups, or discontinuation of either drug (allowing 14 day gap between 
days’ supply of consecutive dispensing).
§Excluding fluoxetine users.
¶Excluding paroxetine users.

Cohort 1 (SSRI initiated a�er tamoxifen)
  CAREMARK
  MAX
  PACE
  PAAD
  UNITED
  Pooled databases (cohort 1)
Cohort 2 (tamoxifen initiated a�er SSRI)
  CAREMARK
  MAX
  PACE
  PAAD
  UNITED
  Pooled databases (cohort 2)
Total population (cohorts 1 and 2)

0.94 (0.45 to 2.00)
0.95 (0.67 to 1.33)
0.81 (0.67 to 0.97)
1.15 (0.77 to 1.72)
0.93 (0.69 to 1.27)
0.91 (0.80 to 1.04)

0.69 (0.41 to 1.15)
1.04 (0.79 to 1.36)
0.99 (0.78 to 1.25)
1.16 (0.80 to 1.68)
1.04 (0.80 to 1.36)
1.02 (0.89 to 1.16)
0.96 (0.88 to 1.06)

0.36 0.60 1.00 1.65 2.70

Subgroup

Lower risk
of mortality

Higher risk
of mortality

Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

46/174
126/2112
509/624
115/201

195/2638
991/5749

101/307
209/3113
322/410
122/226

260/3737
1014/7793

2005/13542

No of deaths/total

Fig 2 | risk of all cause mortality associated with CYP2D6 inhibiting selective serotonin 
reuptake inhibitors (ssris) versus other ssris in main analyses in women exposed to 
tamoxifen before initiation of ssri (cohort 1) and women exposed to ssri before initiation 
of tamoxifen (cohort 2). Caremark=Medicare data linked to pharmacy claims data from Cvs 
Caremark (2005-08); MaX=Medicaid analytic extract (2001-06); PaaD=new jersey 
Pharmaceutical assistance to the aged and Disabled (1995-2005); PaCe=Pennsylvania 
Pharmaceutical assistance Contract for the elderly (1995-2005); Optum research 
Database (2004-13) comprises data on approximately 40 million unitedHealth enrollees 
(i2=0% for heterogeneity between databases)
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of CYP2D6 (table 2). Results were also similar in the sub-
population of women with a diagnosis of breast cancer 
(stages 0-IV) recorded in the 180 days before tamoxifen 
initiation (1.03, 0.89 to 1.18; I2=0%; table 2 and table D 
in appendix 2). When this subpopulation of patients 
with breast cancer was further restricted to only those 
with stages I-IV breast cancer the hazard ratio was 1.04 
(0.86 to 1.26; I2=0%; table 2). Finally, we observed sig-
nificant effect modification between age (≤51 v >51) and 
the type of SSRI (that is, potent CYP2D6 inhibitors v 
other SSRIs) on mortality (P=0.01 for interaction). Nei-
ther stratified estimate, however, was different from the 
null (1.19 (0.93 to 1.52) for age ≤51 and 0.93 (0.84 to 1.03) 
for age >51). Additional database-specific results are 
provided in appendix 2.

discussion
Principal findings
In a large cohort of 14 532 women who were new users of 
tamoxifen with a mean age of about 55 enrolled in US 
commercial and public health insurance plans, we 
found no difference in rates of all cause mortality 
between those exposed to SSRIs that are potent inhibi-
tors of the CYP2D6 enzyme compared with those 
exposed to other SSRIs. This finding was consistent 
across sensitivity analyses and in analyses examining 
the relation between the duration of concomitant expo-
sure to tamoxifen and SSRIs and mortality.

Our findings are consistent with a meta-analysis of 
observational studies that reported no increase in mor-
tality with concomitant exposure to tamoxifen and 
SSRIs that were either weak (hazard ratio 1.05, 95% con-
fidence interval 0.91 to 1.22) or strong (1.03, 0.86 to 1.23) 
inhibitors of CYP2D6.16  The largest study in the 
meta-analysis, which included 2430 women with breast 
cancer treated with tamoxifen, found an increased risk 
of all cause and breast cancer specific mortality with 

concomitant exposure to paroxetine but not fluoxe-
tine11 ; neither SSRI was associated with greater mortal-
ity among women concurrently using tamoxifen in our 
study. Our study sample was much larger and looked 
directly at women treated with tamoxifen who were also 
exposed to SSRIs that are strong inhibitors of CYP2D6 
compared with women exposed to other SSRIs. Also, 
women included in our analyses were relatively 
younger (mean (SD) age 54.7 (13.2)) and might therefore 
have had lower prevalence of morbidity and a lower risk 
of mortality than the women in the previous study, who 
had a mean age of 77.11

Clinical implications
Our findings suggest that the inhibition of CYP2D6 
enzyme function by SSRIs might not impair the effec-
tiveness of tamoxifen in reducing the risk of all cause 
mortality. While we were not able to measure the con-
centration of tamoxifen metabolites, even if SSRIs that 
are strong CYP2D6 inhibitors lowered plasma concen-
trations of tamoxifen metabolites by a third, as previ-
ously reported, these metabolites would still be in high 
enough concentration to competitively inhibit the estro-
gen receptor positive cells from getting the estrogen 
required for growth.17-19  Indeed, the usual tamoxifen 
dose of 20 mg/day is about 20 times higher than the 
doses needed to be clinically effective.18 Furthermore, 
even if the plasma concentrations of endoxifen, the 
major active metabolite of tamoxifen, were lowered, 
other metabolites could still confer sufficient antiestro-
genic activity against tumor cells to reduce mortality.

It is also plausible that the degree by which tamoxi-
fen is rendered ineffective by CYP2D6 inhibition varies 
by menopausal status.16  Given that the level of estrogen 
production is higher in premenopausal women, it is 
believed that a reduction in the plasma concentration 
of tamoxifen metabolites would compromise the effec-
tiveness of tamoxifen to compete for estrogen and sup-
press tumor growth.16 Our interaction analysis 
suggested that age is a potential effect modifier of the 
association between concomitant exposure to tamoxi-
fen and CYP2D6 inhibiting SSRIs and mortality. Further 
studies powered to detect subgroup findings and with 
direct information on menopause status, rather than 
age as a proxy, could further elucidate this finding.

strengths
Our study has several important strengths. First, we 
compared the risk of death in women taking SSRIs that 
are potent inhibitors and women taking other SSRIs in 
a population of new users of tamoxifen, which resulted 
in comparable baseline characteristics of the women 
between exposure groups even before propensity score 
matching. This design helps mitigate confounding by 
both measured and unmeasured characteristics. No 
previous studies have directly compared the effect of 
SSRIs that are potent inhibitors versus other SSRIs on 
mortality among tamoxifen users. In addition, by creat-
ing two separate study cohorts distinguished by 
whether women were exposed first to tamoxifen or 
SSRIs, we were further able to minimize potential 

Minimum duration of concomitant
exposure to tamoxifen and SSRI (days)

Ha
za

rd
 ra

tio
 (9

5%
 C

I)

30 60 90 120 180 2400

1.0

1.5

2.0

0.5

Cohort 1
Cohort 2
Overall (Cohort 1 + 2)

Fig 3 | risk of all cause mortality associated with CYP2D6 
inhibiting selective serotonin reuptake inhibitors (ssris) 
versus other ssris stratified by duration of concomitant 
exposure to tamoxifen and ssris before follow-up. 
Caremark=Medicare data linked to pharmacy claims data 
from Cvs Caremark (2005-08); MaX=Medicaid analytic 
extract (2001-06); PaaD=new jersey Pharmaceutical 
assistance to the aged and Disabled (1995-2005); 
PaCe=Pennsylvania Pharmaceutical assistance Contract 
for the elderly (1995-2005); Optum research Database 
(2004-13) comprises data on approximately 40 million 
unitedHealth enrollees
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 confounding by indication as some women are pre-
scribed SSRIs for treatment of adverse effects of tamox-
ifen, such as hot flashes, whereas others are prescribed 
SSRIs to treat depression and anxiety related disor-
ders.20 21 Separation of the two cohorts ensured balance 
in the pattern of SSRI use between exposure groups. 
Finally, by combining multiple databases, including 
information for women covered through both commer-
cial and publically funded health insurance, we were 
able to study a much larger population than any previ-
ous study, and we expect our results to be generalizable 
to the US population.

limitations
Our study also has limitations. Information on cause of 
death was not available in the study databases. There-
fore, we could not assess breast cancer specific mortal-
ity as an outcome. However, we conducted a sensitivity 
analysis among the subset of women with a previous 
diagnosis of breast cancer as breast cancer mortality is 
the most common cause of death among women with 
breast cancer.22  We also conducted a sensitivity analy-
sis excluding women with stage 0 breast cancer. The 
results of both of these analyses were consistent with 
our main findings. Moreover, a meta-analysis of data 
from 21 457 women in 20 trials found a 22% reduction in 
all cause mortality with tamoxifen.6 Therefore, we 
would expect to see an effect on all cause mortality if 
the interaction had a clinically meaningful impact. 
Another limitation is that, as with any claims based 
observational study, we cannot rule out potential resid-
ual confounding by smoking, obesity, and socioeco-
nomic status. Given that we restricted our analysis to a 
fairly homogenous (characteristics were similar 
between exposure groups before matching) population 
of only new users of tamoxifen concomitantly exposed 
to SSRIs, however, we do not expect the prevalences of 
these unmeasured confounders to differ substantially 
between the exposure groups. Further, we do not expect 
that prescribers preferentially select SSRIs based on 
breast cancer prognosis. Additionally, mean follow-up 
in our study cohort was 2.4 years, limiting the conclu-
sions that we can draw about the long term safety of 
concomitant use of tamoxifen and an SSRI.

It is also possible that information on death outside 
hospital assessed after 1 November 2011 for patients in 
the Optum Research Database might have been incom-
plete because, beginning in November 2011, the Social 
Security Administration excluded information for 
about 4.5% of deaths when information was available 
only from the states and not also from their other 
sources of death information. While this could have 
resulted in fewer outcome events, however, we expect 
that it would be non-differential between exposure 
groups, and it would not affect the specificity of the out-
come definition. Another limitation inherent in the use 
of claims data is that we did not have information on 
blood metabolites of tamoxifen, and we cannot be sure 
that women in the study cohort actually took their dis-
pensed drugs. Also, in our primary analysis, women 
remained under observation even if they no longer 

 concomitantly used both drugs during follow-up. While 
this misclassification can produce bias towards the 
null, it allowed us to include outcomes that could have 
been affected by concomitant exposure even if they 
occurred much later. Nevertheless, results were similar 
in an as treated analysis, which would be less suscepti-
ble to misclassification of exposure. Finally, while 
claims data have been found to identify women with 
breast cancer with high specificity,23 24  their ability to 
distinguish breast cancer stages III/IV from I/II is 
 limited.25 We would, however, expect that any misclas-
sification would have minimal impact on the internal 
validity of our findings because of the similarity of 
women between exposure groups, even before propen-
sity score matching.

Conclusion
In conclusion, in a large population of women treated 
with tamoxifen, use of potent CYP2D6 inhibiting SSRIs 
versus other SSRIs did not increase the risk of death 
from all causes. In clinical practice, SSRI inhibition of 
CYP2D6 does not seem to reduce the effectiveness of 
tamoxifen.
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