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Initial results from the first International Breast Cancer Intervention Study (IBIS-I) found that tamoxifen
reduced the risk of invasive estrogen receptor (ER)-positive tumors by 31% in women at increased risk for
breast cancer, but most of the follow-up at this time was during the active treatment phase. We report an
updated analysis of IBIS-I that focuses on the period after active treatment was completed, a time for

A total of 7145 women who were aged 35-70 years and at increased risk of breast cancer were randomly
assigned to receive either tamoxifen (20 mg/day) or placebo for 5 years. The primary outcome measure was
the incidence of breast cancer (including ductal carcinoma in situ), but side effects were also investigated.

After a median follow-up of 96 months after randomization, 142 breast cancers were diagnosed in
the 3579 women in the tamoxifen group and 195 in the 3575 women in the placebo group (4.97 versus
6.82 per 1000 woman-years, respectively; risk ratio [RR] = 0.73, 95% confidence interval [Cl] = 0.58 to
0.91, P = .004). The prophylactic effect of tamoxifen was fairly constant for the entire follow-up period,
and no diminution of benefit was observed for up to 10 years after randomization. However, side effects
in the tamoxifen group were much lower after completion of the active treatment period than during
active treatment. For example, deep-vein thrombosis and pulmonary embolism were statistically sig-
nificantly higher in the tamoxifen arm than in the placebo arm during active treatment (52 versus 23
cases, RR = 2.26, 95% Cl = 1.36 to 3.87) but not after tamoxifen was stopped (16 versus 14 cases, RR = 1.14,
95% Cl = 0.52 to 2.53). The two arms did not differ in the risk of ER-negative invasive tumors (35 in each
arm, RR = 1.00, 95% CI = 0.61 to 1.65) across the entire follow-up period, but the risk of ER-positive invasive
breast cancer was 34% lower in the tamoxifen arm (87 versus 132 cases, RR = 0.66, 95% Cl = 0.50 to 0.87).

Background
which little evidence from other trials is available.
Methods
Relative risks were computed as the ratio of incidence rates. All statistical tests were two-sided.
Results
Conclusions

The risk-reducing effect of tamoxifen appears to persist for at least 10 years, but most side effects of
tamoxifen do not continue after the 5-year treatment period.

J Natl Cancer Inst 2007;99:272-82

Tamoxifen is effective not only in treating breast cancer (1) but
also in preventing this disease (2). An overview of four randomized
prevention trials evaluating tamoxifen showed a 38% reduction
in breast cancer incidence in women at high risk of breast cancer
who took tamoxifen for 5 years (2). This overview also showed
that tamoxifen prevents only estrogen receptor (ER)-positive
breast cancer (which was reduced by approximately 50%) but has
no beneficial effect on ER-negative cancers. Tamoxifen’s role
in prevention is also limited because of its side effect profile. In
particular, venous thrombolic events were increased by almost
twofold and endometrial cancer by almost 2.5-fold in the tamoxi-
fen arm compared to the placebo arm in the prevention trials (2).
Several authors have attempted to estimate the risk-benefit ratio of
tamoxifen for prophylaxis (3-7). However, these analyses have
been based mostly on cancers occurring during active treatment,
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and the impact in the 5 years following active treatment is impor-
tant in assessing overall benefit. In the adjuvant setting, 5 years of
tamoxifen treatment has been shown to have a carryover effect,
leading to a reduction in recurrence in the 5 years following active
treatment (1). If the same phenomenon occurs for the prevention
of new cancers and if side effects do not persist, then the overall
risk-benefit ratio could be substantially more favorable than has
been previously estimated (3-7).

Recently, an update of findings from the National Surgical
Adjuvant Breast and Bowel Project (NSABP) P-1 trial after 7 years
of follow-up (8) found that breast cancer rates remained low in
the tamoxifen arm after active treatment ended. However, rates
were also reduced in the placebo arm. Because all patients were
unblinded, an unknown number of control subjects received tamox-
ifen or raloxifene; also the follow-up protocol was reduced, so that
any long-term effect of tamoxifen is difficult to interpret (9).

The first International Breast Cancer Intervention Study
(IBIS-I) is a double-blind, randomized trial of tamoxifen (20 mg/day)
versus placebo for 5 years in women at increased risk of developing
breast cancer (10). After a median of 49.6 months of follow-up,
tamoxifen reduced the incidence of breast cancer (invasive and
ductal carcinoma in situ (DCIS) combined) by 32% (69/3579
in the tamoxifen arm versus 101/3575 in the placebo arm; OR =
0.68, 95% confidence interval [CI] = 0.50 to 0.92, P=.013). At that
time, the risk reduction did not appear to be affected by age,
degree of risk, or use of hormone replacement therapy (HRT).
However, the risk reduction was observed only for ER-positive
breast cancer. In keeping with other trials (2), the rate of endome-
trial cancer was higher in the tamoxifen group than in the placebo
group, although the difference was not statistically significant
(11 cases versus 5 cases, respectively, P = .20). Also, the rate of
thromboembolic events was statistically significantly higher in the
tamoxifen group than in the placebo group (43 cases versus 17
cases, respectively, P = .001). Overall, large numbers of less serious
side effects were reported in both treatment arms, but the major
differences were for vasomotor and gynecologic events, which
increased from 67.7% of the women in the placebo group to
81.8% in the tamoxifen group (14.1% absolute increase), and
breast complaints, which were reduced from 18.9% in the placebo
group to 14.7% in the tamoxifen group (4.2% absolute decrease).
A statistically significant excess of deaths from all causes was
observed in the tamoxifen group compared with the placebo group
(25 versus 11, P = .028), but no specific cause appeared to be
elevated. The IBIS-I trial remains blinded after the initial report,
and here we report efficacy results with a median follow-up of
96 months.

Patients and Methods

Trial Design and Follow-up

From April 1992 through March 2001, 7154 women aged 35-70
years were entered into the trial and randomly assigned in a
double-blind manner to receive tamoxifen (20 mg/day) or pla-
cebo for 5 years (10). To be eligible, women had to have risk
factors for breast cancer indicating at least a twofold relative risk
if they were 45-70 years of age, a fourfold relative risk if they
were 40-44 years of age, or a 10-fold relative risk if they were
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CONTEXT AND CAVEATS

Prior knowledge

Tamoxifen reduces the risk of breast cancer in women at high risk
of the disease during active treatment, but less is known about the
period after active treatment. Tamoxifen also increases the risk of
endometrial cancer, thromboembolic events, and other side effects.

Study design

Women in a randomized chemoprevention trial who had been
assigned to take tamoxifen or placebo for 5 years were followed for
a median of 8 years.

Contribution

Tamoxifen reduced the incidence of all breast cancers (invasive
plus ductal carcinoma in situ) by 27% overall (from 6.82 to 4.97
events per 1000 woman-years), and the reduction was fairly con-
stant over the entire follow-up period. Incidence rates of ER-positive
invasive breast cancers in the tamoxifen group were 26% lower
than those in the placebo group during active treatment and 44%
lower during the subsequent years. Rates of deep-vein thrombosis,
pulmonary embolism, and endometrial cancer were higher in the
tamoxifen arm than the placebo arm during active treatment but
not in the subsequent years.

Implications

The preventive effect of tamoxifen on breast cancer in high-risk
women is undiminished for at least 5 years beyond active treat-
ment but the risk of serious side effects drops, leading to an
improved risk-benefit ratio.

Limitations

Information on side effects was obtained somewhat differently
during active treatment and in subsequent years. Women in the
trial were permitted to take hormone replacement therapy, which
could have confounded the results. Even longer follow-up is
needed to determine the full extent of the risk reduction associated
with tamoxifen prophylaxis.

35-39 years of age and to have none of the exclusion factors
given below.

Specifically, women were eligible from age 45 years if they had
1) a mother or sister diagnosed with breast cancer before the age
of 50 years, 2) two first- or second-degree relatives with breast
cancer at any age, or 3) a first-degree relative with breast cancer at
any age, and either were nulliparous or had a previous hyperplastic
benign lesion. Women were eligible from the age of 40 years if
they had 1) atypical ductal or lobular hyperplasia, 2) a first-degree
relative with bilateral breast cancer at any age, or 3) two first- or
second-degree relatives with breast cancer, one of whom was diag-
nosed before age 50 years. Women were eligible from the age of
35 years if they had either 1) lobular carcinoma in situ or 2) two
first-degree relatives with breast cancer, both diagnosed before the
age of 50 years. Lastly, any women with an estimated 10-year risk
of 5% or more, based on a complex model (11), were also eligible
as risk equivalent after approval by the study chairman (J. Cuzick).

Women were excluded from participation in the study if
they had any previous invasive cancer (excluding nonmelanoma
skin cancer), had a previous deep-vein thrombosis or pulmonary
embolism, were current users of anticoagulants, or wished to
become pregnant. The trial was conducted under the auspices of

JNCI | Articles 273

220z 18nbny 0z uo1senb Aq G2zZzSZ/2.2/7/66/2191e/10ul/woo dnoolwspede)/:sdyy woll pspeojumoq



the U.K. Coordinating Committee for Cancer Research (now part
of the National Cancer Research Network) and was approved by
the local ethics committees for each participating center. After
initial discussion with an IBIS-I doctor and a reflection period
of at least 24 hours, written informed consent was obtained
from all participants. The Data Monitoring Committee reviewed
the initial results of the NSABP P1 (12) study in 1998 and
IBIS-I study in 2002 (10) and at both times recommended that the
IBIS-I trial continued in a blinded fashion. In each case, women
were informed of these results and reconsented to continue their
participation. The trial is registered with controlled-trials.com as
ISRCTN91879928.

Use of HRT was permitted during the trial for menopausal
symptoms, but the protocol stipulated that women should be
restricted to the lowest level necessary for symptom control.
Women were defined as postmenopausal if they had experienced
12 consecutive months of amenorrhea or had had an oophorec-
tomy. Women were also categorized as postmenopausal if they
were aged 50 years or older and had had a hysterectomy, either
alone or in combination with an oophorectomy. The remaining
women were defined as premenopausal.

During the § years of active treatment, women were followed
up every 6 months by a clinic visit or phone call. Compliance
was measured by pill counts at each 6-month follow-up visit. All
women have now completed their 5 years of active treatment and
are being followed by an annual mailed questionnaire for women
in the United Kingdom (60% of women) and Europe 3%) or
annual clinic visit for women in Australia and New Zealand (37%).
For most women diagnosed with breast cancer, the cancer was
detected at the same hospital through which they participated in
the IBIS-I study. In addition, in the United Kingdom, the central
IBIS office is notified on a quarterly basis of all cancers and deaths
in trial participants using data obtained from the mandatory
U.K. national registration system. Consequently, we believe that
the detection rates are high and unbiased with regard to treatment
arm. Both investigators and patients remain blinded to treatment
allocation. Treatment allocation has been disclosed (i.e., the code
broken) for 777 (10.9%) women who did not develop breast can-
cer. Of these, the codes for 493 (63.4%) women were broken after
they completed the 5 years of active treatment. In many cases, the
code was broken by prearrangement with the local clinician to
provide unblinding at year 6.

In the United Kingdom and Europe, side effects were assessed
differently during the active treatment phase and subsequent
follow-up so that the results in these two periods are not directly
comparable. In Australia and New Zealand, the same procedures
were used for the entire follow-up period. During both follow-up
periods, a checklist of predefined side effects was used and a
free-text field was available for recording unexpected events.
The predefined illness categories were myocardial infarction,
other cardiovascular events, thromboembolic diseases, gynecologic
problems, visual disturbances, fractures, osteoporosis, and any
non-breast cancer. In addition, the following side effects were
predefined: nausea, vomiting, hot flushes, headaches, vaginal dis-
charge, vaginal dryness, and vaginal bleeding. Each was recorded
as mild, moderate, or severe. During the treatment phase, these
questions were asked directly, and a detailed checklist was pro-
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vided. In the follow-up phase, a less detailed list was used, and it
was sent directly to the participants and returned by postal mail.
For postal replies, any of the recorded illness listed above were
confirmed from medical records. All patients received follow-up
questionnaires regardless of whether or not they were unblinded.
Approximately, 85% of all women returned at least one question-
naire. Most patients still remain blinded, and therefore a valid
assessment of differences between treatment groups can be made
within each period.

Statistical Methods

Randomization was performed by telephone or fax at the IBIS
center in London for the U.K. and European centers and at the
IBIS center in Sydney, Australia, for the centers in Australia and
New Zealand. The primary endpoint was breast cancer incidence
(including DCIS). Cause-specific mortality and side effects were
secondary endpoints. Analyses were by intention-to-treat. Incidence
rates for breast cancer and major side effects were calculated by
dividing the number of observed events by the number of woman-
years of follow-up for each group and/or period. Follow-up accrued
until the development of breast cancer, death, or the cutoff date
for this analysis (April 1, 2006). Relative risks were computed as
the ratios of incidence rates. Confidence intervals and P values are
based on exact distributions, assuming that the events followed
independent Poisson distributions in the two groups. Interactions
between treatment and subgroups were based on likelihood ratio
tests for an added interaction term. Minor side effects that could
occur repeatedly (see Table 7) were compared using binomial sta-
tistics as simple ratios of proportions of patients ever reporting
the side effect in the specific period. All P values are two-sided, and
confidence intervals are at the 95% level. No adjustments were
made for covariates. All calculations were performed using STATA
software, version 8.2 (StataCorp, College Station, TX).

Results

Baseline Characteristics and Follow-up

As in the first report of the IBIS-I trial (10), a total of 7154 women
were included in this analysis, 3575 in the placebo group and 3579
in the tamoxifen group. Of the 7154 women, 4410 (62%) had two
or more first- or second-degree relatives with breast cancer and
3433 (48%) had a mother or a sister who developed breast cancer
before age 50 years. A total of 6939 (97%) of the women reported
some family history of breast cancer, and 572 (8%) had a benign
lesion associated with an increased risk of developing breast can-
cer. The mean age at study entry was 50.7 years, and 3913 (54.7%)
women were between the ages of 45 and 54 years. In addition, 3857
(53.8%) women were postmenopausal at study entry and 3999
(55.9%) had a body mass index of more than 25 kg/m’. In total,
2876 (40.2%) women used HRT at some point during the trial.
More detailed information on baseline characteristics by trial arm
is shown in Table 1.

The cutoff date of follow-up for this analysis was April 1, 2006.
Median follow-up was 95.6 months, and a total of 57 128 woman-
years of follow-up (28573 in the placebo group and 28555 in the
tamoxifen group) have been accrued. Of these, 35704 woman-
years (17846 in the tamoxifen group and 17858 in the placebo
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Table 1. Baseline characteristics and use of hormone replacement
therapy (HRT) according to treatment arm*

Placebo Tamoxifen

Characteristics (N = 3575) (N =3579)
Demography

Mean (SD) age, y 50.8 (6.7) 50.7 (7.0)

Postmenopausalt 1922 (53.7) 1935 (64.1)
HRT use, No. (%)

During trial 1414 (39.6) 1462 (40.8)

Before trial only 380 (10.6) 399 (11.1)

Never 1761 (49.3) 1715 (47.9)
Anthropometry

Mean (SD) height, cm 162.9 (6.4) 162.8 (6.6)

Mean (SD) weight, kg 71.4 (14.0) 71.7 (14.5)

Mean (SD) BMI, kg/m? 26.9 (5.1) 27.0 (6.3)
Hysterectomy, No. (%)

All 1283 (35.9) 1232 (34.4)

With both ovaries retained 737 (20.6) 711 (19.9)

One ovary removed 207 (5.8) 229 (6.4)

Both ovaries removed 327 (9.2) 281 (7.9)

* SD = standard deviation; BMI = body mass index.

T Women were defined as postmenopausal if they had 12 consecutive months
of amenorrhea or had had an oophorectomy. See “Patients and Methods”
for details.

group) were accrued during the active treatment phase (years 0-4)
and 21424 woman-years (10709 in the tamoxifen group and 10715
in the placebo group) during the follow-up period (from year 5
onward). This additional follow-up represents a median addition
of more than 46 months and an almost doubling of woman-years
at risk since the first report. The cumulative numbers of woman-
years of randomized treatment were 14009 (placebo) and 12772
(tamoxifen). In total, 4861 (67.9%) women completed the full
5 years of treatment (2574 [72%] of those in the placebo group
versus 2287 [63.9%] of those in the tamoxifen group).

Breast Cancer

A total of 337 breast cancers (invasive and DCIS combined) were
reported before the cutoff date. The incidence rate in the tamoxifen
group was 27% lower than in the placebo group (142 versus 195
cases; risk ratio [RR] = 0.73, 95% CI = 0.58 to 0.91, P = .004).
The annual incidence rate was 6.82 per 1000 woman-years in the
placebo group and 4.97 per 1000 woman-years in the tamoxifen
group. The estimated absolute reduction in cumulative incidence
after 10 years of follow-up was 1.7% (i.e., from 6.4% in the placebo
group to 4.7% in the tamoxifen group), which represents a 1.5-fold
greater reduction than the 1.1% estimated absolute reduction
after 5 years (i.e., from 3.3% in the placebo group to 2.2% in the
tamoxifen group) (Fig. 1).

The reduction in incidence for all breast cancers in the tamoxi-
fen arm was 32% in years 0-4 (i.e., the period of active treatment)
and 18% in subsequent years (beginning at year 5) (Table 2). Inci-
dence rates of ER-positive invasive breast cancers in the tamoxifen
group were 26% lower than those in the placebo group during years
0—4 (54 versus 73 cases, respectively) and 44% lower during years 5
and beyond (33 versus 59 cases, respectively). Thus, the 1.4%
reduction in absolute risk of ER-positive invasive breast cancer after
10 years of follow-up—i.e., from 4.3% in the placebo group to
2.9% in the tamoxifen group (Fig. 1)—was almost three times as
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Fig. 1. Cumulative incidence rates for all breast cancers and invasive
estrogen receptor (ER)-positive breast cancers according to treatment
arm.

large as the 0.5% reduction (from 2% to 1.5%) seen at year 5. The
benefit of tamoxifen was fairly constant over time and extended for
at least 10 years, especially for ER-positive cancers, where the rela-
tive effect size became somewhat larger at longer follow-up times
(Fig. 2). This continuing and undiminished benefit suggests that
there may be a substantial benefit associated with 5 years of tamoxi-
fen use that accrues after treatment has been completed.

A number of subgroups were examined to determine whether
the tamoxifen benefit was affected by patient’s characteristics or by
the type of tumor that was prevented. The results are shown in
Table 2 and Fig. 3. No clear evidence for subgroup-specific differ-
ences in the treatment effect was found, as evidenced by a statisti-
cally significant result from a test for heterogeneity. The invasive
status, lymph node status, size, and grade of breast tumors were
similar between the two treatment arms. However, in keeping
with previous results (2), the incidence of ER-negative invasive
breast cancers was not reduced in the tamoxifen arm compared
with the placebo arm, whereas the incidence of ER-positive inva-
sive breast cancers was 34% lower in the tamoxifen arm than in
the placebo arm (87 versus 132; RR = 0.66, 95% CI = 0.50 to
0.87). ER-negative tumors were relatively more common in the
tamoxifen arm than in the placebo arm after active treatment
(and less common during treatment), but this was not statistically
significant (P = .13).

Of potential interest was a non-statistically significant interac-
tion (P = .11) between HRT use and treatment (Table 3). Among
women who never used HRT or who used it only before the trial,
there was a statistically significant reduction in ER-positive breast
cancers in the tamoxifen arm compared with the placebo arm (for
all breast cancers, 76 versus 126 cases, RR = 0.62, 95% CI = 0.46
to 0.83; for ER-positive cancers, 37 versus 77 cases, RR = 0.49,
95% CI = 0.32 to 0.74). However, for women who used HRT at
some stage during the trial, no clear effect of tamoxifen was seen,
either overall (66 versus 69 cases, RR = 0.92, 95 % CI = 0.65 to
1.31) or for ER-positive tumors (40 versus 43 cases, RR = 0.89,
95% CI = 0.57 to 1.41). Results were similar regardless of the
HRT preparations used, i.e., estrogen only or combined estrogen
and progestin (data not shown). HRT use was not associated with

JNCI | Articles 275

220z 18nbny 0z uo1senb Aq G2zZzSZ/2.2/7/66/2191e/10ul/woo dnoolwspede)/:sdyy woll pspeojumoq



Table 2. Event rates and risk of breast cancer by treatment arm according to selected patient and cancer characteristics*

No. of events

Rate per 1000 woman-years

Placebo Tamoxifen
Characteristic (N = 3575) (N = 3579) Placebo Tamoxifen RRt (95% ClI)
Total 195 142 6.82 4.97 0.73 (0.58 to 0.91)
Invasiveness
Invasive 168 124 5.88 4.34 0.74 (0.58 to 0.94)
DCIS 27 17 0.94 0.60 0.63 (0.32 to 1.20)
Unknown 0 1 - - -
Age, y
<50 87 56 5.63 3.64 0.65 (0.45 to 0.91)
>50 108 86 8.24 6.54 0.79 (0.59 to 1.06)
Menopausal statust
Premenopausal 88 58 6.25 4.20 0.67 (0.47 to 0.95)
Postmenopausal 107 84 7.58 5.86 0.77 (0.57 to 1.04)
HRT use
During the trial 69 66 6.00 5.62 0.92 (0.65 to 1.31)
Before the trial only 30 17 1.1 5.77 0.52 (0.27 to 0.97)
Never 96 59 6.68 4.33 0.64 (0.46 to 0.90)
Follow-up time
During treatment 116 78 6.50 4.37 0.67 (0.50 to 0.90)
ER-positive$ 73 54 4.09 3.03 0.74 (0.51 to 1.07)
ER-negatives$ 26 19 1.46 1.06 0.73 (0.38 to 1.37)
After treatment 79 64 7.37 5.98 0.81 (0.57 to 1.14)
ER-positive$ 59 33 5.51 3.08 0.56 (0.35 t0 0.87)
ER-negatives 9 16 0.84 1.49 1.78 (0.74 to 4.57)
ER status$
Positive 132 87 4.62 3.05 0.66 (0.50 to 0.87)
Negative 35 35 1.23 1.23 1.00 (0.61 to 1.65)
Unknown/not done 1 2 - - -
ER/PgR status§
ER+/PgR+ 90 59 3.15 2.07 0.66 (0.46 to 0.92)
ER+/PgR- 21 17 0.74 0.60 0.81 (0.40 to 1.61)
ER+/PgR unknown 21 11 0.74 0.39 0.52 (0.23 to 1.14)
ER—/PgR- 30 27 1.05 0.95 0.90 (0.52 to 1.57)
ER—/PgR+ 2 4 - - -
ER—/PgR unknown 3 4 - - -
Grades
Low 28 27 0.98 0.95 0.96 (0.55 to 1.70)
Intermediate 84 53 2.94 1.86 0.63 (0.44 to 0.90)
High 50 41 1.75 1.44 0.82 (0.53 t0 1.27)
Unknown 6 3 - - -
Nodal status$
Positive 49 37 1.71 1.30 0.76 (0.48 t0 1.18)
Negative 114 83 3.99 2.91 0.73 (0.54 to 0.98)
Unknown/not done 5 4 - - -
Size, cm§
<1 51 39 1.78 1.37 0.77 (0.49t0 1.18)
>1-2 78 44 2.73 1.54 0.56 (0.38 to0 0.83)
>2 38 39 1.33 1.37 1.03 (0.64 to 1.65)
Unknown 1 2 - - -

receptor.

1t RR for women in the tamoxifen group relative to women in the placebo group.

RR = risk ratio; Cl = confidence interval; DCIS = ductal carcinoma in situ; HRT = hormone replacement therapy; ER = estrogen receptor; PgR = progesterone

¥ Women were defined as postmenopausal if they had 12 consecutive months of amenorrhea or had had an oophorectomy. See “Patients and Methods” for details.

w

For invasive cancer only.

the development of ER-negative breast cancers, either during the
active treatment period or the subsequent period.

Deaths

Specific causes of death are given in Table 4. In total, 24 deaths
from breast cancer were recorded (11 in the tamoxifen group versus
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13 in the placebo group, RR = 0.85, 95% CI = 0.34 to 2.05). The
number of deaths from any cause was non-statistically significantly
higher in the tamoxifen group than in the placebo group (65 versus
55 deaths, RR = 1.18, 95% CI = 0.81 to 1.73). The difference
between the two groups in deaths from any cause is now smaller
than it was in the original report (10) of the IBIS-I trial, when there
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Fig. 2. Risk ratios for all breast cancers (including ductal carcinoma
in situ [DCIS]), all invasive cancers, and ER-positive invasive cancers by
year of follow-up. Numbers of events in each group (placebo, tamoxifen)
are shown below the graph.

were 25 deaths in the tamoxifen arm and 11 in the placebo arm.
No particular cause of death was clearly higher in the tamoxifen
arm than in the placebo arm.

Endometrial Cancer

A total of 28 endometrial cancers were reported, 17 in the tamoxifen
group and 11 in the placebo group (RR = 1.55, 95% CI = 0.68 to
3.65) (Table 5). The incidence rate was 0.59 per 1000 woman-years
in the tamoxifen group, compared with 0.38 per 1000 woman-years
in the placebo group. Twelve of the endometrial cancers in the
tamoxifen group but only three in the placebo group were detected
during the active treatment period (P = .02). The majority of the
endometrial cancers were International Federation of Obstetrics
and Gynecology (13) stage 1 adenocarcinomas that were diagnosed
in women aged 50 years or older (Table 5). The two endometrial
sarcomas were both in the placebo group. More of the women with
endometrial cancer in the tamoxifen group than in the placebo
group had never used HRT, but the difference was not statistically
significant (10 versus 5, P = .21). All but one of the HRT prepara-
tions used by the women who developed endometrial cancer was a
combined medication, reflecting the preference for this type of
medication for all women in this trial with an intact uterus (87%).

Thromboembolic and Cardiovascular Events

Opverall, thromboembolic events were statistically significantly
higher in the tamoxifen group than in the placebo group (117 ver-
sus 68 events, RR = 1.72, 95% CI = 1.27 to 2.36) (Table 6). The
incidence rates were 4.10 per 1000 woman-years in the tamoxifen
group and 2.38 per 1000 woman-years in the placebo group.
Women in the tamoxifen group had an almost twofold excess of
deep-vein thrombosis, pulmonary embolism, or retinal vein throm-
bosis (68 versus 37 events, RR = 1.84, 95% CI = 1.21 to 2.82) than
women in the placebo group and a nearly threefold excess of super-
ficial thrombophlebitis (23 versus 8 events, RR = 2.88, 95%
CI = 1.24 to 7.44), but they had only a slight increase in other,
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Fig. 3. Risk ratios for breast cancer according to different subgroups
of tumors and women. Solid vertical line shows overall effect, and
diamond shows overall 95% confidence interval. Horizontal lines show
95% confidence interval for the specific group. The areas of the boxes
are inversely proportional to variance of estimate.

nonspecific thrombotic events (26 versus 23 events, RR = 1.13,95%
CI =0.62 to 2.08). The excess of thromboembolic events was found
only in the active treatment phase. There were no statistically
significant differences between treatment groups in the rates of
any cerebrovascular events or cardiovascular events, although
myocardial infarction incidence appeared to be non-statistically
significantly reduced in the tamoxifen arm during the active treat-
ment phase. However, deaths from myocardial infarction were not

reduced (Table 4).

Side Effects

Although large numbers of side effects were reported in both treat-
ment arms, the only major differences between treatment arms
were observed for gynecologic or vasomotor and breast complaints
(Table 7). Overall, statistically significantly more women in the
tamoxifen group than in the placebo group reported gynecologic or
vasomotor side effects. The increase was observed only in the active
treatment phase (RR = 1.20, 95% CI = 1.16 to 1.25) and not in the
subsequent period (RR = 1.06, 95% CI = 0.99 to 1.12). In addition,
overall, statistically significantly fewer women in the tamoxifen
group than in the placebo group reported any breast complaint
(693 versus 903, RR = 0.77, 95% CI = 0.70 to 0.84). In this case,
reductions were seen in both the active treatment phase and the
subsequent period. The incidence of multiple cysts showed the
greatest reduction with tamoxifen both during the active treatment
phase (RR =0.29, 95% CI = 0.19 to 0.44) and in the posttreatment
period (RR = 0.61, 95% CI = 0.40 to 0.94). Tamoxifen had little
effect on bone fractures, either overall or for sites linked with osteo-
porosis (hip, spine, wrist, and forearm). Small but statistically sig-
nificant reductions in headaches were reported in the tamoxifen
arm across the entire period of analysis (32.7% versus 35.3%,
RR =0.93,95% CI=0.87 to 0.99, P = .02). Again, these reductions
were apparent only during the active treatment phase (24.5%
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Table 3. Risk of breast cancer by treatment arm according to hormone replacement therapy (HRT) use and estrogen receptor (ER) status*

No. of women with breast cancer

Rate per 1000 woman-years

Placebo Tamoxifen
HRT use (N = 3575) (N =3579) Placebo Tamoxifen RR (95% Cl)
During trial
All (including DCIS) 69 66 6.00 5.562 0.92 (0.65 to 1.31)
ER-positive 43 40 3.73 3.34 0.89 (0.57 to 1.41)
ER-negative 9 1 0.78 0.92 1.18 (0.44 to 3.21)
Only before or never
All (including DCIS) 126 76 7.38 4.58 0.62 (0.46 to 0.83)
ER-positive 77 37 4.51 2.23 0.49 (0.32 t0 0.74)
ER-negative 25 21 1.46 1.27 0.86 (0.46 to 1.61)

* ER status was evaluated only for invasive tumors. RR = risk ratio; Cl = confidence interval; DCIS = ductal carcinoma in situ.

versus 28.8%, RR = 0.85,95% CI = 0.79 to 0.92, P<.0001). A small
and not statistically significant increase in cataracts was seen in
the tamoxifen group (1.9% versus 1.5%) that appeared only after
the completion of treatment (Table 7). A fuller description of the
timing and severity of side effects will be reported elsewhere.

Discussion

These updated results from the IBIS-I trial provide further confir-
mation that tamoxifen reduces the risk of ER-positive breast can-
cers in high-risk women. More importantly, they provide the first
randomized evidence that the benefits of tamoxifen extend beyond
the active treatment period, but the side effects largely do not.
Tamoxifen reduced the incidence of invasive ER-positive cancers
by 44% in the period after the active treatment phase, in addition
to the 26% reduction achieved during the active treatment phase.
The NSABP P-1 study (8) also found that the incidence rates re-
mained low for at least 2 years after completion of treatment, but
rates in the placebo group were also reduced, possibly because of
crossover.

A key issue for long-term follow-up of clinical trials is the com-
pleteness of the database. For our study, information was obtained
from three sources—regular clinic visits, which were maintained in
Australia and New Zealand for 10 years; annual questionnaires
which were used in the United Kingdom and Europe and had a
response rate of about 85% (85.9% in the tamoxifen arm and

Table 4. Specific causes of death by treatment arm*
Cause of death Placebo (N =3575) Tamoxifen (N = 3579)

Total 55 65
Breast cancer 13
Endometrial cancer
Colon cancer

Lung cancer

Ovarian cancer
Other cancer
Myocardial infarction
Other cardiac
DVT/PE

Stroke or CVA
Other

o
-

O© = WNEONO A= o

DO~ NNNOOO PO O

—_
—_

* DVT = deep-vein thrombosis; PE = pulmonary embolism;
CVA = cerebrovascular accident.
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84.6% in the placebo arm) for returning at least one questionnaire;
and a national registration system for the United Kingdom. In
addition, most breast cancers were diagnosed in the same hospital
through which the women participated in IBIS-I. Because the
amount of code breaking was low, with blinding being maintained
in almost 90% of the women who have not developed breast can-
cer, any unreported cancers are like to be equally divided between
treatment groups. Women wishing to know which treatment they
were on were encouraged to wait until at least year 6 to see if
any potentially treatment-related side effects persisted. Clinic re-
ports and annual questionnaires indicated that use of tamoxifen
or raloxifene after completion of IBIS-I was very low. All major
side effects or endpoints reported on questionnaires were verified
from medical records, but minor side effects were not pursued as
fully on the follow-up questionnaires, and are likely to have been

Table 5. Endometrial cancers according to treatment arm*

Placebo (N = 3575) Tamoxifen (N = 3579)

Characteristics

Total 11 17
During treatment 3 12
After treatment 8 5

Grade
1 5 5
2 2 7
3 4 4

FIGO staget
1 9 14
2 2 1
3/4 0 2

Histology
Adenocarcinoma 5 14
Endometroid 3 2

carcinoma
Sarcoma 2 0
Clear cell carcinoma 0 1

Age at diagnosis, y
<50 2 1
51-60 5 8
>60 4 8

HRT use
Never 5 10
During trial 6 3
Before trial 0 4

* FIGO = International Federation of Obstetrics and Gynecology; HRT = hormone
replacement therapy.

T (13).
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Table 6. Thromboembolic, cerebrovascular, and cardiac events according to treatment arm and follow-up period*

Entire period

During active treatment

After active treatment

Side effect Placebo  Tamoxifen RR (95% Cl) Placebo Tamoxifen RR (95% Cl) Placebo Tamoxifen RR (95% CI)
All VTE 68(2.38) 117 (4.10)0 1.72(1.27 t0 2.36) 42 (2.35) 85 (4.76) 2.03(1.381t03.01) 26(2.43) 32 (2.99) 1.23(0.71 to 2.15)
DVT/PE 37 (1.29) 68(2.38) 1.84(1.211t02.82) 23(1.29) 52 (2.91) 2.26 (1.36 t0 3.87) 14 (1.31) 16 (1.49) 1.14 (0.62 to 2.53)
Superficial 8(0.28) 23 (0.81) 2.88(1.24 to 7.44) 6 (0.34) 17 (0.95) 2.84 (1.07 t0 8.78) 2 (0.19) 6 (0.56) 3.00 (0.54 to 30.41)
thrombophlebitis
Other thrombosis 23 (0.81) 26 (0.91) 1.13(0.62t02.08) 13(0.73) 16 (0.90) 1.23(0.56 10 2.78) 10(0.93) 10 (0.93) 1.00 (0.37 to 2.68)
All cerebrovascular 34 (1.19) 32(1.12) 0.94 (0.56 to 1.57) 17 (0.95) 12 (0.67) 0.71(0.31 to 1.67) 17 (1.59) 20 (1.87) 1.18 (0.569 to 2.39)
Stroke/CVA 12 (0.42) 15(0.53) 1.25(0.55 to 2.93) 8 (0.45) 8 (0.45) 1.00 (0.33 to 3.06) 4(0.37) 7 (0.65) 1.75 (0.45 t0 8.16)
TIA 22 (0.77) 17 (0.60) 0.77 (0.39to 1.62) 9 (0.50) 4(0.22) 0.44 (0.10to 1.59) 13 (1.21) 13 (1.21) 1.00 (0.43 to 2.34)
All cardiac 123 (4.30) 122 (4.27) 0.99(0.77 to 1.29) 71 (3.98) 64 (3.59) 0.90 (0.63 to 1.28) 52 (4.85) 58 (5.42) 1.12 (0.75 to 1.66)
Myocardial 15 (0.53) 9(0.32) 0.60 (0.23 to 1.46) 7 (0.39) 2(0.11) 0.29 (0.03 to 1.50) 8(0.75) 7 (0.65) 0.88 (0.27 to 2.76)
infarction
Angina 51 (1.78) 60 (2.10) 1.18(0.80to 1.74) 32 (1.79) 31 (1.74) 0.97 (0.57 to 1.64) 19 (1.77) 29 (2.71) 1.53 (0.83 to 2.88)
Other cardiac 57 (1.99) 53 (1.86) 0.93 (0.63to 1.38) 32 (1.79) 31 (1.74) 0.97 (0.57 to 1.64) 25 (2.33) 22 (2.05) 0.88 (0.47 to 1.63)

* Data are given as numbers of events, with rate per 1000 woman-years in parentheses. RR = risk ratio; Cl = confidence interval; VTE = venous thrombolic events;
DVT = deep-vein thrombosis; PE = pulmonary embolism; CVA = cerebrovascular accident; TIA = transient ischemic attack.

reported differently than during the active treatment period.
Thus, the absolute numbers of events cannot be compared directly
between periods. However, because blinding was largely main-
tained, the risk ratios between treatment arms for the proportions
of side effect reports within each period are still informative.

The effect of HRT on the risk-reducing properties of tamoxi-
fen is a controversial issue. The NSABP P-1 trial (12) did not allow
HRT use, whereas the IBIS-I trial (10) and other European trials
(14,15) permitted limited use. There is litdle doubt that HRT
preparations containing both estrogen and progestin increase the
risk of breast cancer (16,17), and the Italian trial of tamoxifen in
high-risk women who had had a hysterectomy (18) found that
tamoxifen was particularly effective in preventing breast cancer in
women receiving concurrent HR'T, although the numbers in this
subgroup were small. These data led to the initiation of the HRT

Opposed to Low-Dose Tamoxifen (HOT) study, in which HRT
users are being randomized to low-dose tamoxifen or placebo and
the incidence of breast cancer is compared (19). In this report from
the IBIS-I study, the risk-reducing benefits of tamoxifen prophy-
laxis were clear only in never and previous users of HRT, with
little or no benefit seen in concurrent users. This finding was un-
expected, and because the interaction between treatment and HRT
use was not statistically significant and because the confidence
intervals for effect size in the different HRT groups overlap, the
finding must be regarded as hypothesis generating. It also conflicts
with the calculation that tamoxifen fully saturates the ER in post-
menopausal women (20) and with the lack of efficacy of HRT on
tamoxifen-induced vasomotor symptoms previously reported
in IBIS-I (21), both of which would suggest that adding back low
levels of estrogen should not influence the effects of tamoxifen.

Table 7. Side effects and relative risk of having an event according to treatment arm and follow-up time*

Entire period

During active treatmentt

After active treatmentt

Placebo Tamoxifen Placebo Tamoxifen Placebo Tamoxifen
Side effect (N =3575) (N =3579) RR (95% CI) (N =3575) (N =23579) RR (95% CI) (N =3489) (N =3449) RR (95% CI)
Gynecologic/ 2922 (81.7) 3151(88.0) 1.08(1.06to 1.10) 1983 (55.5) 2389 (66.8) 1.20(1.16to0 1.25) 1438 (41.2) 1508 (43.7) 1.06 (0.99 to 1.12)
vasomotor
Headaches 1261 (356.3) 1169 (32.7) 0.93(0.87 to 0.99) 1030 (28.8) 878 (24.5) 0.85(0.79 to 0.92) 343 (9.8) 386 (11.2)  1.14(0.99 to 1.31)
All breast 903 (25.3) 693 (19.4) 0.77 (0.70 to 0.84) 833 (23.3) 612 (17.1) 0.73(0.67 to0 0.81) 676 (19.4) 554 (16.1) 0.83(0.75t0 0.92)
complaints
Multiple 156 (4.4) 63 (1.8) 0.40 (0.30 to 0.54) 100 (2.8) 29 (0.8) 0.29 (0.19 to 0.44) 56 (1.6) 34 (0.9 0.61 (0.40 to 0.94)
breast
cysts
All fractures 235 (6.6) 240 (6.7) 1.02 (0.86 to 1.21) 142 (3.9) 121 (3.4) 0.85 (0.67 to 1.08) 93(2.67) 119 (3.5) 1.29 (0.99 to 1.69)
Osteoporotic 76 (2.1) 91 (2.5) 1.19 (0.89 to 1.62) 44 (1.2) 45 (1.3) 1.02 (0.68 to 1.54) 32 (0.9) 46 (1.3) 1.44 (0.92 to 2.25)
site
fracture$
Eye complaints 934 (26.1) 947 (26.6) 1.01 (0.94 to 1.09) 896 (25.1) 901 (25.2) 1.00 (0.93 to 1.09) 597 (17.1) 622 (18.0) 1.05(0.95to 1.17)
(excluding
cataracts)
Cataracts 54 (1.5) 67 (1.9) 1.24 (0.87 to 1.77) 34 (0.9 29 (0.8) 0.85 (0.52 to 1.40) 20 (0.6) 38 (1.1) 1.92 (1.12 to 3.29)

* Data are given as number of events, with percentage of the group in parentheses. Risk ratios (RRs) are based on the number of women who ever reported the

side effect in the given period. Cl = confidence interval.
T Side effect evaluation based on clinic-administered questionnaire.

t Side effect evaluation based on postal questionnaire or clinic visit. Denominator is all women alive and without breast cancer at year 5.

8 Fractures of the hip, spine, wrist, or forearm.
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It is possible that our observation of lower tamoxifen efficacy in
HRT users is related to lower compliance with tamoxifen among
women who took HRT during the trial, a possibility that requires
further detailed investigation. However, there was no statistically
significant difference in the mean number of reported months of
treatment compliance in HRT users during the trial compared
with never or only previous users, either in the tamoxifen arm
(45.8 months in current HRT users versus 45.6 months in previous
never users), or the placebo arm (50.6 months in current HRT
users versus 49.9 months in previous never users). The results of
the HOT study will be important for resolving the question of
whether low-dose tamoxifen can prevent the breast cancers associ-
ated with HRT without reducing its efficacy.

Our updated analyses indicate that the excess of thromboem-
bolic events and endometrial cancers were confined to the active
treatment period. It is not surprising that venous thrombolic
events would be increased only during the period of tamoxifen
treatment because the agonist effect of tamoxifen on clotting is
likely to occur only during treatment. However, it is more surpris-
ing that endometrial cancers were increased only during active
treatment since a latent period would be expected before the devel-
opment of this disease. Also, a large case—control study found that
an excess risk of endometrial cancer in women with breast cancer
persisted for at least 5 years after tamoxifen treatment stopped
(22). However, most of the women in that study would have
received tamoxifen for only 2 years.

Likewise, the increased frequency of vasomotor and gyneco-
logic symptoms in the tamoxifen during active treatment in our
study disappeared after treatment was completed. By contrast, the
reduction in benign breast complaints in general, and multiple
breast cysts in particular, seen during the treatment phase contin-
ued after completion of treatment. Reports of fractures, including
osteoporotic fractures, were similar in both treatment arms, both
during active treatment and after completion of treatment. In
the post-treatment period, women in the tamoxifen group had a
higher risk of cataracts than women in the placebo group, although
no difference was seen during the active phase. This result is
different from that seen in the NSABP P-1 (8) and P-2 (Study of
Tamoxifen and Raloxifene) (23) studies, both of which found an
increase in cataracts with tamoxifen, even though follow-up was
confined mainly to the active treatment phase. Most other side
effects and adverse events occurred at equal rates in the placebo
and tamoxifen arms after the active treatment phase.

Opverall, these data presented here substantially strengthen the
findings from our initial report after 50 months of follow-up (10).
The benefits of tamoxifen, in terms of the reduction in risk of
ER-positive breast cancer appear to extend beyond the 5-year
treatment period, whereas the increased risk of endometrial cancer
and venous thromboembolic events and most of the other side
effects do not. Thus, the risk-benefit ratio over a 10-year period
is likely to be substantially better than that computed for current
models that are based on a 5-year follow-up (3-7). However, no
reductions in ER-negative breast cancer were observed, and
the slight increase in these cancers in the post-treatment phase in
IBIS-I, and also overall in the other prevention trials (2), suggests
that some cancers that would appear as ER-positive tumors if
left untreated might emerge later as ER-negative tumors when
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tamoxifen is used prophylactically. This could happen if, in some
cases, early (preinvasive) estrogen-sensitive lesions are temporarily
held in check by tamoxifen but develop resistance and then appear
as ER-negative tumors.

Slightly larger risk reductions were observed for premenopausal
women, who also have a lower rate of endometrial cancer and
thromboembolic events than postmenopausal women, suggesting
that tamoxifen is a particularly attractive option for these women,
especially if they have a diagnosis of lobular carcinoma in situ or
atypical hyperplasia (12). For postmenopausal women, these
results also indicate a better risk-benefit ratio than previously cal-
culated for tamoxifen prophylaxis. However, aromatase inhibitors,
which lack the agonist properties of tamoxifen that are responsi-
ble for its lower efficacy in the adjuvant treatment of hormone-
sensitive breast cancer (24-28), and the increases they cause in
thromboembolic events and gynecologic side effects, offer another
attractive possibility for risk reduction for postmenopausal women
(29). Results based on the occurrence of contralateral tumors in
these adjuvant trials suggest that these agents may reduce the inci-
dence of new ER-positive tumors by 75% (28). Anastrozole is
currently being investigated in the IBIS-II trial (30), which com-
pares it with placebo in healthy high-risk postmenopausal women,
and exemestane is being similarly investigated in the North
American MAP3 study (28). More speculatively, it is possible that
offering tamoxifen or other selective ER modulators in the late
premenopausal years, followed by an aromatase inhibitor when
women become postmenopausal, may prove to be the most ef-
fective overall strategy for preventing breast cancer in high-risk
women.
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