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OBJECTIVE:

 

Tamoxifen reduces the risk of developing breast
cancer but also affects the risks of certain vascular and neo-
plastic events. Our purpose was to estimate the effects of
tamoxifen on potentially life-threatening vascular and neo-
plastic outcomes.

 

DESIGN:

 

Random effects meta-analysis of published random-
ized controlled trials.

 

PATIENTS:

 

Participants in all trials in which a treatment arm
that included tamoxifen was compared to a similar control
arm. Breast cancer risk reduction and treatment trials were
included.

 

INTERVENTIONS:

 

Tamoxifen at variable dose and duration.

 

MEASUREMENTS AND MAIN RESULTS:

 

Thirty-two trials (52,929
patients) reported one or more outcomes of interest. Tamoxifen
was associated with significantly increased risks of endome-
trial cancer (relative risk [RR] 2.70; 95% CI, 1.94 to 3.75),
gastrointestinal cancers (RR 1.31; 95% CI, 1.01 to 1.69),
strokes (RR 1.49; 95% CI, 1.16 to 1.90), and pulmonary emboli
(RR 1.88; 95% CI, 1.77 to 3.01). Tamoxifen had no effect on
secondary malignancies other than endometrial and gastroin-
testinal cancers (RR 0.96; 95% CI, 0.81 to 1.13). In contrast,
tamoxifen significantly decreased myocardial infarction deaths
(RR 0.62; 95% CI, 0.41 to 0.93) and was associated with a
statistically insignificant decrease in myocardial infarction
incidence (RR 0.90; 95% CI, 0.66 to 1.23). Postmenopausal
women had greater risk increases for neoplastic outcomes.

 

CONCLUSIONS:

 

This meta-analysis of randomized trials found
tamoxifen use to be significantly associated with several
neoplastic and vascular outcomes. Consideration of tamoxifen
use requires balance of potential benefits and risks.
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T

 

amoxifen, a selective estrogen receptor modulator
with both estrogen agonist and antagonistic properties,

is among the most widely prescribed breast cancer reduc-
tion therapies.

 

1

 

 It is the only agent currently approved by
the U.S. Food and Drug Administration (FDA) for the reduc-
tion of breast cancer risk in women at increased risk for
this disease, and may be considered for women with a 15-
year projected breast cancer risk of 

 

≥

 

1.66%.

 

2

 

As a mixed estrogen agonist and antagonist, tamoxifen
affects a variety of clinical conditions in addition to breast
cancer. Tamoxifen is generally well tolerated but is infre-
quently associated with life-threatening events including
development of endometrial cancer and pulmonary emboli.

 

3

 

Precise estimation of the magnitude of the risk of life-
threatening conditions which may be associated with
tamoxifen use are of special significance when considering
its use for breast cancer risk reduction. The only published
meta-analyses of adverse outcomes with tamoxifen were
performed by the Early Breast Cancer Trialists’ Collabora-
tive Group.

 

4

 

 They did not examine the incidence of many
outcomes of possible significance such as stroke and
myocardial infarction, and their analyses only included
patients receiving tamoxifen for breast cancer treatment.
Furthermore, they have not conducted analyses of poten-
tially higher risk groups such as postmenopausal women.

The purpose of the present study was to estimate the
effects of tamoxifen on potentially life-threatening vascular
and neoplastic outcomes by conducting a meta-analysis
of data from all published randomized controlled trials
involving its use. We analyze results separately for patients
receiving tamoxifen for different indications and for different
patient subgroups. We did not include results for raloxifene,
another estrogen receptor, because the data supporting its
efficacy for breast cancer risk reduction are still preliminary.
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METHODS

 

We performed a search of the 

 

MEDLINE

 

 and 

 

CANCERLIT

 

computerized databases (1966 to November 2002) using
the medical subject headings 

 

tamoxifen

 

 and 

 

estrogen

antagonists

 

, and textwords 

 

tamoxifen

 

, 

 

selective estrogen

receptor modulator

 

, and 

 

SERM

 

. In addition, we performed
a manual search using the authors’ reference files, refer-
ence lists from original communications, and experts in
the field. We retrieved citations for further evaluation if the
drug therapy in the treatment arm differed from that in the
control arm solely by the presence of tamoxifen (e.g., there
were no other treatment variables besides tamoxifen, and
tamoxifen was not used in both treatment and control
arms). Retrieval occurred regardless of whether the study
goal was breast cancer treatment, breast cancer risk reduc-
tion, or unrelated to breast cancer.

We restricted the search to randomized controlled trials
that were published in English and conducted on human
subjects. The 777 abstracts or full-text articles that were
identified using this search strategy were screened in
duplicate, the majority by either RB and SG or by RB and
RH. Five hundred articles were excluded because they did
not report on clinical outcomes of interest, 63 were
excluded because the treatment arm did not differ from the
control arm solely by the presence of tamoxifen, 12 were
excluded because enrollees had previous exposure to
tamoxifen, and 16 were excluded because the treatment
and control groups were not randomized.

We abstracted information from the remaining 186
articles (86 trials) on patient demographics, study charac-
teristics, and clinical outcomes. Demographic data included
age, sex, race, and menopausal status. Study characteristics
included treatment objective, utilization of chemotherapy
and/or radiotherapy, duration and dose of tamoxifen, blinding,
randomization method, and follow-up period. Clinical out-
comes included incidence and deaths from stroke, pulmo-
nary emboli, myocardial infarction, deep venous thromboses,
endometrial cancer, colorectal cancers, all gastrointestinal
cancers combined, all nonbreast cancers combined, and all
cancers other than breast, endometrial, and gastrointesti-
nal combined. Gastrointestinal cancers were defined to
include cancers of the esophagus, stomach, pancreas, liver,
biliary tract (including gallbladder), small intestine, colon,
and rectum. Because many trials did not report tumors of
the colon and rectum separately, we combined these into
one category. Thirty-two trials reported summary data on
one or more outcomes of interest, and these were used in
our meta-analysis. Data abstraction was performed in
duplicate by either RB and SG or RB and RH, and discrep-
ancies were jointly reviewed until consensus was reached.

We only abstracted outcomes if they were labeled pre-
cisely (e.g., an event labeled 

 

cardiovascular disease

 

 would
not be considered 

 

myocardial infarction

 

). We grouped
cancers 

 

in situ

 

 together with invasive cancers. We used age
>50 as a proxy for postmenopausal status and median val-
ues as an approximation for mean values when the latter

were not reported. Outcomes among breast cancer patients
with tumor recurrence were not distinguished from out-
comes among patients with no known recurrence. When
more than one article was published from a single trial, we
used the latest report with information on the outcome of
interest.

We report risks using the measure of relative risk (RR),
a ratio of how the risk of an outcome in the presence of
tamoxifen compares to the risk of that outcome in the
absence of tamoxifen. Relative risks and 95% confidence
intervals (CI) were calculated for each trial by comparing
the incidence rate among tamoxifen users to nonusers.
Both fixed-effects models (which weigh studies according
to the inverse of their within-study variance) and the more
conservative random-effects models (which also incorpo-
rate between-study variance) were used to combine the risk
ratios across studies.

 

5–7

 

 No significant heterogeneity was
found in any of the meta-analyses performed; thus the
fixed-effects and random-effects calculations yielded simi-
lar results.

The study sponsors had no role in the study design,
collection, analysis, and interpretation of data, in the
writing of the manuscript, or in the decision to submit the
manuscript for publication. All authors were asked to dis-
close apparent or real conflicts of interest that may have
influenced their interpretation of the results. One author
(RTC) has acted as a consultant for Astra Zeneca, a
pharmaceutical company that manufactures hormonal
chemotherapy for breast cancer. None of the other authors
reported any conflicts of interest.

 

RESULTS

Trial Characteristics

 

Thirty-two separate randomized controlled trials

 

8–48

 

with data for 52,929 patients reported on at least one
neoplastic or vascular outcome. Four trials

 

8–12

 

 (28,193
participants) investigated breast cancer risk reduction, 25
trials

 

13–45

 

 (24,373 participants) investigated breast cancer
treatment, and 3 trials

 

46–48

 

 (363 participants) were unre-
lated to breast cancer (Table 1). On average, patients were
54.8 years old at randomization and received tamoxifen for
4.3 years. Among the 6 trials

 

8,13,28,30,37,44

 

 that reported
racial composition, 91.9% of patients were white. Average
follow-up time was longer for treatment trials (6.7 years)
than for risk reduction trials (4.7 years). Compared to risk
reduction trials, patients in tamoxifen treatment trials were
older (59.9 vs 50.3 years) and more likely to be postmeno-
pausal (79.8% vs 54.1%).

Because many trials exclusively enrolled postmeno-
pausal women and few of the other trials stratified results
by menopausal status, there was little information on
outcomes among premenopausal women. Because few
deaths were attributed to any particular outcome, with
the exception of myocardial infarctions (MI), we do not
report combined mortality estimates for outcomes other
than MI.
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Risk Estimates

 

Tamoxifen was associated with increased risks of several
adverse events including stroke, venous thromboembolism,
and cancers of the gastrointestinal tract and endometrium.
Tamoxifen appeared to be associated with a decreased risk
of death from myocardial infarction, though no impact on
the incidence of myocardial infarction was observed.

 

Strokes

 

Nine trials

 

8,9,11,12,30,34,37,38,43,44

 

 with 38,992 patients
reported a total of 260 strokes over a mean follow-up
of 5.1 years (Fig. 1), with an average incidence of 10.4
strokes per 10,000 patient years in control groups.

Tamoxifen was associated with a statistically significant
increased risk of stroke (RR 1.49; 95% CI, 1.16 to 1.90).
When women in risk reduction trials, breast cancer treat-
ment trials, or postmenopausal were considered separately,
risk increases with tamoxifen were similar and remained
significantly elevated (Table 2). There was no evidence of
treatment interactions, as the combined risk estimate was
nearly identical among trials in which tamoxifen was the
only treatment.

 

8,9,11,12,30,34

 

Myocardial Infarctions

 

Only 6 trials

 

8,11,12,22,34,37

 

 (29,542 participants) reported
on the incidence of myocardial infarction, whereas 12
trials

 

8,12,15,16,23,24,26,32,35,38–40

 

 (totaling 27,790 participants)

Table 1. Characteristics of Tamoxifen Trials Included in Meta-analysis

 

Trial
Number of Patients 

Analyzed White, %
Postmenopause,

% Age
Dose 

(mg/day)
Duration of
Exposure

Follow-up 
Interval 

Risk reduction trials
NSABP P-18 13,175 96.5 60.7 NR 20 4.0 4.0
Royal Mars9  2471 NR 33.6 47 20 5.8 5.8
Italian10,11  5408 NR NR 51 20 5.0 6.8
IBIS-I12  7139 NR 49.1 51 20 5.0 4.2

Subtotal 28,193 96.5 54.1 50.3 20 4.6 4.7

Breast cancer treatment trials
NSABP B1413–15 2,885 91 69.5 55.0 20 5.0 8.9
Barner16  167 NR 79 57.5 20 NR 6.3
Christie17  961 NR 61.2 54.1 20 10.0 NR
South Swed18,19  475 NR 100 NR 30 1.0 9.0
DBCG18,20  1710 NR 100 NR 30 1.0 9.0
Stockholm18,21–23  2729 NR 100 NR 40 2.9 9.0
ECOG 117824  168 NR 100 70.5 20 2.0 10.0
Alwyn25  74 NR 100 77.5 20 NR 3.8
Ingle26  234 NR 100 61 20 1.3 5.0
NCCTG27  400 NR 0 43.8 20 1.3 5.3
SWOG28  966 91 100 60.5 20 1.0 6.0
Love29  140 NR 100 NR 20 5.0 5.0
NSABP B2430  1798 86 65 NR 20 5.0 6.2
GROCTA31  336 NR 53 NR 30 5.0 5.0
Gunderson32  350 NR NR NR 20 2.0 6.3
Scottish33–36  1322 NR 82 58.9 20 5.0 15
ECOG 617737,38  142 92 100 57.5 20 1.0 3.0
ECOG 517737  365 NR 0 57.5 20 1.0 3.6
Cocconi39  133 NR 100 57.5 20 NR NR
Cocconi40  49 NR 89.7 67 20 0.7 6.0
EORTC.E41  131 NR 100 NR 40 NR 5.4
EORTC.b45  107 NR 0 43.0 40 3.0 7.3
DBCG 82-B42  634 NR 0 NR 30 1 10
ATAC43  6189 NR 100 64.2 20 5 2.8
NSABP B-2344  1982 78 45 NR 20 5 5.4

Subtotal 24,373 86.5 79.8 59.9 23.8 4.1 6.7

Trials unrelated to breast cancer
Rusthoven46  195 NR NR 50.6 40 0.4 NR
Agarwala47  56 NR 50 55 20 NR NR
Cocconi48  112 NR 72 59 40 0.9 NR

Subtotal  363 NR 69.0 53.5 37.1 0.6 NR
All trials 52,929 91.9 66.2 54.8 21.8 4.3 5.6

NSABP, National Surgical Adjuvant Breast and Bowel Project; IBIS, International Breast Cancer Intervention Study Group; DBCG, Danish
Breast Cancer Cooperative Group; ECOG, Eastern Cooperative Oncology Group; NCCTG, North Central Cancer Treatment Group; SWOG,
Southwest Oncology Group; GROCTA, Gruppo di Ricerca in Oncologia Clinica e Terapie Associate; EORTC, European Organization for the
Research and Treatment of Cancer; ATAC, Arimidex, Tamoxifen Alone or in Combination.
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reported on myocardial infarction deaths. A total of 74
myocardial infarctions occurred in treatment groups
and 82 occurred in control groups over a mean follow-up
of 5.5 years. Tamoxifen did not affect the risk of incident
myocardial infarction in the aggregate or in any subgroup
analyses (Table 2). There was no evidence of treatment
interactions, as the combined risk estimate was similar among
trials in which tamoxifen was the only treatment.

 

8,12,34

 

Tamoxifen was, however, associated with a significant
reduction in the risk of myocardial infarction death (RR
0.62; 95% CI 0.41 to 0.93), based on 37 deaths occurring
in treatment groups and 61 deaths occurring in control
groups over 5.6 years of follow-up (Fig. 2). The rate of deaths
from myocardial infarction in control groups was 7.8 per
10,000 patient years. Although there was no statistical
suggestion of heterogeneity, review of the data suggested
that one of the 12 trials

 

35

 

 disproportionately contributed to
this treatment effect. Excluding this trial from the analysis
modified the risk estimate considerably, leading to a loss
of statistical significance (RR 0.81; 95% CI 0.48 to 1.37).
There was no evidence of treatment interactions, as the
combined risk estimate was nearly identical among the 6
trials in which tamoxifen was the only treatment.

 

8,12,15,16,24,35

 

When women who were postmenopausal or in treatment
trials were considered separately, decreases in myocardial
infarction deaths were similar and remained statistically
significant. However, the 2 risk reduction trials reporting
on this outcome

 

8,12

 

 found no significant association
between tamoxifen use and myocardial infarction death.

 

Other Vascular Outcomes

 

Eleven trials

 

8–13,17,23,28,30,37,42

 

 with 36,604 patients
reported on the incidence of pulmonary emboli. Seventy-
nine pulmonary emboli occurred over a mean follow-up
of 5.5 years, with an incidence of 2.6 per 10,000 patient
years in control groups. Tamoxifen was associated with a
significantly increased risk of pulmonary emboli (RR 1.88;
95% CI, 1.17 to 3.01). Fifteen trials

 

8–13,17,20,27,28,30,37,38,42–44

 

with 35,817 patients reported the incidence of deep venous
thromboses, and tamoxifen was associated with a nearly
identical increase (RR 1.87; 95% CI, 1.33 to 2.64). When
women who were postmenopausal, in treatment trials,
and in risk reduction trials were analyzed separately, risk
increases for pulmonary emboli were similar.

 

Gastrointestinal Cancers

 

Sixteen trials

 

8,10,12,13,16–18,24–29,42

 

 with 33,853 patients
reported the incidence of gastrointestinal cancers (Fig. 3).
A total of 140 gastrointestinal cancers occurred in treat-
ment groups and 104 occurred in control groups over a
mean follow-up of 5.6 years, and tamoxifen was associated
with a modest but statistically significant risk increase
(RR 1.31; 95% CI, 1.01 to 1.69). The incidence of gastroin-
testinal cancers in control groups was 10.9 per 10,000
patient years. Eighteen trials

 

8,11–13,16–18,20,24–29,36,42,43

 

 reported
on colorectal cancers specifically (229 cancers), and tamoxifen
was not associated with a statistically significant risk
increase (RR 1.16; 95% CI, 0.86 to 1.57).

FIGURE 1. Risk ratio of stroke associated with tamoxifen use (� depicts the risk ratio of stroke; solid lines depict the 95% CI; * indicates
studies with placebo-control groups). Trials are listed in chronological order.
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When subgroups of patients were considered sepa-
rately (Table 2), postmenopausal women had higher risk
elevations than were observed in all trials combined. While
women in treatment trials had somewhat higher risk
elevations, women in risk reduction trials appeared to
have no increase in gastrointestinal cancer risk. There
was no evidence of treatment interactions, as subgroup
analyses of trials in which tamoxifen was the only
treatment

 

8,10,12,13,16–18,24,29

 

 produced similar risk estimates.
Although there was no statistical suggestion of hetero-

geneity, review of the data suggested that the three trials
conducted in Scandinavian countries

 

18

 

 contributed dispro-
portionately to the treatment effect, reporting similar
increases in risk with tamoxifen (RR 1.9; 95% CI, 1.2 to 2.9).
In contrast, the majority of trials and the single largest trial
(NASBP P-1) did not report significant risk increases.

 

Other Neoplastic Outcomes

 

Twenty-three trials

 

8,10,12,14,16–18,24–33,36,42–45

 

 with 45,936
patients reported on endometrial cancers as a clinical
outcome. A total of 185 endometrial cancers occurred
over a mean follow-up of 5.4 years (Fig. 4), with an
incidence of 3.6 per 10,000 patient years in control
groups. Tamoxifen was associated with a statistically sig-
nificant risk increase (RR 2.70; 95% CI, 1.94 to 3.75). When
women who were postmenopausal or in treatment trials
were considered separately (Table 2), risk increases were

greater. However, when women in risk reduction trials were
considered separately, their risk increase was more modest
but still statistically significant (RR 2.16; 95% CI, 1.33 to
3.50). The risk estimate was similar among the 13 placebo-
controlled trials.

 

8,10,12,14,16–18,21,24,29,30,33,36

 

To further investigate whether tamoxifen was
associated with an increased risk of cancers not of
breast or endometrial origin, these tumors were
grouped together as a single outcome measure. Twenty
trials

 

8,9,11–13,17,18,20,24,26–31,36,42–44

 

 with 50,605 patients reported
a thorough inventory of malignancies, with 646 cancers
other than breast or endometrial origin occurring in
treatment groups and 625 occurring in control groups
over a mean follow-up of 5.6 years. Tamoxifen had no
statistically significant effect on their incidence (RR 1.04;
95% CI, 0.92 to 1.17), although the 13 placebo-controlled
trials

 

8,9,11–13,17,18,20,21,24,29,30,36

 

 showed a trend toward an
increase (RR 1.11; 95% CI, 0.98 to 1.27). When gastroin-
testinal tumors were subtracted from this group, the risk
estimates were slightly lower (all trials: RR 0.96; 95% CI,
0.81 to 1.13; placebo-controlled trials, RR 1.04; 95% CI,
0.86 to 1.25). Risk estimates were similar for postmeno-
pausal women.

 

DISCUSSION

 

In this meta-analysis of randomized controlled trials
focused on adverse outcomes, tamoxifen use was significantly

FIGURE 2. Risk ratio of myocardial infarction death associated with tamoxifen use (�, risk ratio; solid lines, 95% CI; *, studies with
placebo-control). Trials are listed in chronological order.
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associated with a higher risk of developing endometrial
cancer, deep venous thrombosis, strokes, pulmonary emboli,
and all gastrointestinal cancers combined. In the most
recent Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) report,

 

4

 

 tamoxifen use was associated with a
nonsignificant trend suggesting increased risk of deaths
from strokes and pulmonary emboli. In the NSABP P-1 trial
(National Surgical Adjuvant Breast and Bowel Project),

 

8

 

tamoxifen use was associated with a nonsignificant increase
in stroke. Thus, the current analysis of all published ran-
domized trials identified several statistically significant
associations in areas where nonsignificant trends had been
previously reported. Kinsinger et al.

 

49

 

 recently published a
summary of the evidence of breast cancer chemoprevention.
Our analysis augments these results by 1) using statis-
tical methodology to produce summary risk estimates;
2) incorporating the recently published results of the
fourth tamoxifen breast cancer prevention trial (Interna-
tional Breast Cancer Intervention Study Group; IBIS); and
3) including analyses for patients using tamoxifen for
reasons other than breast cancer prevention.

For most adverse outcomes analyzed, our risk esti-
mates were similar to the largest meta-analysis describing
tamoxifen outcomes (EBCTCG),

 

4

 

 as well as the largest che-
moprevention trial (NSABP P-1).

 

8

 

 Our estimate for endome-
trial cancer risk (RR 2.70) was similar to both the EBCTCG
(RR 2.58) and the NSABP P-1 (RR 2.53) results. Our esti-
mate for colorectal cancer risk (RR 1.16) was also similar
to these results (RR 1.11 and 1.25, respectively). Addition-
ally, the NSABP P-1 trial reported risk increases similar to
the present analysis for stroke (RR 1.59 vs 1.49). However,
our finding that tamoxifen may decrease myocardial infarc-
tion deaths is in contrast to these reports. The EBCTCG
review did not report on myocardial infarction deaths spe-
cifically but noted no statistically significant effect on all
causes of cardiac mortality. The NSABP P-1 trial did not find
a significant effect of tamoxifen on fatal or nonfatal myo-
cardial infarctions, but the low number of events (15) in
this younger group of women limited the statistical power
of this analysis. Our estimate for increased gastrointestinal
cancer risk (RR 1.31) was also in contrast to the NSABP
P-1 result (RR 0.91); the EBCTCG did not analyze this

FIGURE 3. Risk ratio of gastrointestinal cancers associated with tamoxifen (�, risk ratio; solid lines, 95% CI; *, studies with placebo-
control). Trials are listed in chronological order.
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outcome. Notably, we found a particularly high risk for gas-
trointestinal cancers in postmenopausal women (RR 1.77),
and therefore heterogeneity among patients with different
menopausal status may explain some of this variation.
Observational data also suggest an increased risk for gas-
trointestinal cancers with tamoxifen. In a retrospectively
analyzed U.S. cohort of breast cancer patients,

 

50

 

 use of
tamoxifen was associated with a trend toward increased
incidence of colorectal cancer (RR 1.46; 95% CI, 0.92 to
2.31). In another retrospective cohort study of breast can-
cer survivors in Japan,

 

51

 

 women exposed to tamoxifen had
a trend toward increased risk for stomach cancer (RR 1.37;
95% CI, 0.76 to 2.38).

Tamoxifen mimics the effect of estrogen on certain
organs. Indeed, data from the recently published random-
ized controlled trial of hormone replacement therapy,
the Women’s Health Initiative,

 

52

 

 was strikingly similar to
some of the risk estimates from the current analyses
(stroke, RR 1.41 vs 1.49; pulmonary embolism, RR 2.13
vs 1.88). Tamoxifen may act as an estrogen antagonist

on other organs, and this may explain why the Women’s
Health Initiative found effects of similar magnitude but
opposite directions to risk estimates in the present analysis
for myocardial infarctions (RR 1.32; 95% CI, 1.02 to 1.72)
and colorectal cancers (RR 0.63; 95% CI, 0.43 to 0.92).

Tamoxifen may have opposing effects on thrombosis
and atherogenesis, two important determinates of vascular
pathology. Tamoxifen has been shown to decrease coronary
plaques in vivo,

 

53,54 improve lipid profiles,55,56 reduce C-
reactive protein,57 and modulate nitric oxide production.58

In contrast, it may alter the balance of clotting proteins in
a manner that promotes thrombosis.59 It is possible that
the discrepancy between increases in pulmonary emboli
and stroke and decreases in myocardial infarction deaths
arises from differences in the relative contributions of
atherogenesis and thrombosis to these outcomes. Further-
more, the relative importance of these effects may be dif-
ferent for populations with different coronary artery disease
risks. The greatest reduction in myocardial infarction
deaths with tamoxifen use was reported among a Scottish

FIGURE 4. Relative risk of endometrial cancers associated with tamoxifen use (�, relative risk; solid lines, 95% CI; *, studies with placebo-
control). Trials are listed in chronological order.
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population, a group with a particularly high prevalence of
hyperlipidemia and coronary artery disease.34,35 A posthoc
analysis of NSABP P-1 trial coronary outcomes60 reported
that patients with active coronary disease receiving
tamoxifen had fewer and less lethal myocardial infarctions
(6 vs 9 events and 0 vs 4 deaths; not statistically signifi-
cant). Furthermore, in the Multiple Outcomes of Raloxifene
Evaluation (MORE) trial,61 raloxifene, another selective
estrogen receptor modulator, was associated with a similar
risk reduction in cardiovascular events of 0.60 (95% CI,
0.38 to 0.95) among women at increased cardiovascular
risk but not among all enrolled women.

The meta-analyses published by the Early Breast Can-
cer Trialists’ Collaborative Group have become a landmark
source on breast cancer interventions such as tamoxifen.
Their analytic process has many strengths, including reli-
ance on updated primary data, face-to-face trialist inter-
action, and publication of results only with the concurrence
of all trialists. The considerable time and effort requested
to complete this process is reflected in the 32-month inter-
val between the 1995 Early Trialist meetings (when pre-
liminary results were presented) to eventual publication in
the literature.4 Albeit by different methodology, the
approach utilized in the current analysis also identified
several statistically significant associations in a timely
fashion. Such a literature-based meta-analysis of comor-
bidities might be applicable in other cancer therapy set-
tings where the EBCTCG approach has been somewhat less
successful, such as for trials involving colorectal cancer.

Although some of the relative risk increases for adverse
outcomes may seem large, the absolute risk increases are
not as dramatic. If all adverse outcomes with statistically
significant risk increases in the present analysis are con-
sidered together (pulmonary emboli, stroke, gastrointesti-
nal cancers, endometrial cancers), the absolute risk for any
event after 5 years of tamoxifen treatment is 0.84%, cor-
responding to one adverse outcome for every 118 patients
treated. In comparison, the number needed to treat to pre-
vent one breast cancer in a woman with the minimum risk
for which tamoxifen is indicated (1.66% after 5 years) is
159, assuming a risk reduction of 38%.62 For a higher risk
woman (5% 5-year risk), the number needed to treat would
be 53.

Limitations

Reporting bias, a reduced likelihood to include non-
significant findings in a published report, is a type of pub-
lication bias that may have been an important limitation
of this meta-analysis. Secondary outcomes are often
recorded retrospectively and not as systematically as pri-
mary outcomes. Reporting bias may result in underesti-
mation of absolute risk when surveillance is limited
because an adverse event has not yet been recognized, and
may result in overestimation of both absolute and relative
risks when only studies with unusually high incidences of
secondary outcomes report those results.

The potential impact of reporting bias can be seen
when tamoxifen and endometrial cancer risk is considered.
Endometrial cancer risk was not reported as a risk asso-
ciated with tamoxifen until 1994.28 Trials conducted before
this time may have reported no increased risk simply
because the data needed to determine this risk were not
systematically collected or assessed, only reporting this
endpoint if they noticed a large difference in rates between
treatment and control groups.

Although reporting bias is an important limitation of
any meta-analysis that is not based on primary data col-
lection, there is some evidence that our results were not
critically undermined by this factor: 1) our estimates for
many risks were similar to those reported by the largest
study in which they were prespecified endpoints (NASBP
P1);8 2) the incidences of malignancies other than breast,
endometrial, and gastrointestinal cancers were nearly iden-
tical in the treatment and control groups; and 3) funnel
plots of the outcome measures did not demonstrate the
asymmetry that sometimes characterizes publication bias
(data not shown). The present analyses should be viewed
as exploratory and used to guide the collecting and report-
ing of adverse events in future trials, because systemati-
cally combing events that may not have been systematically
collected or assessed can be challenging.

Several other methodological limitations should be
considered when interpreting these results. Because this
study was based on published reports rather than primary
data analysis, the ability to identify patient characteristics
associated with greater risks was limited. Different groups
of studies reported on each adverse outcome, and each risk
estimate may have reflected differences in true effects or
biases particular to the studies from which the risk esti-
mate was derived. In many breast cancer treatment trials,
only initial secondary tumors are reported and not subse-
quent ones, so all tumors may not have been captured in
our analysis. Reporting of causes of deaths in cancer
patients is often imprecise because of difficulty establishing
whether death is due to the tumor or to a specific event
that the tumor may have influenced. Lastly, the majority
of studies were performed on women of European ancestry,
and the results of this meta-analysis may not be general-
izable to women of other races or ethnicities.

CONCLUSIONS

In summary, this meta-analysis found tamoxifen use
to be significantly associated with several neoplastic and
vascular outcomes. These results highlight the importance
of prospectively identifying and investigating important
secondary health outcomes when evaluating risk reduction
therapies. Predicting whether tamoxifen will cause more
harm than benefit for an individual woman, particularly
when used for breast cancer risk reduction, requires the
consideration of her individual risks for developing these
outcomes (e.g., her absolute risk) as well as her risk for
developing breast cancer. This quantitative summary of
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relative risks adds to the literature and may assist health
care providers and patients who are weighing these com-
plex issues.
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