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Background: Initial findings from the National Surgical Ad-
juvant Breast and Bowel Project Breast Cancer Prevention
Trial (P-1) demonstrated that tamoxifen reduced the risk of
estrogen receptor—positive tumors and osteoporotic frac-
tures in women at increased risk for breast cancer. Side
effects of varying clinical significance were observed. The
trial was unblinded because of the positive results, and
follow-up continued. This report updates our initial findings.
Methods: Women (n = 13388) were randomly assigned to
receive placebo or tamoxifen for 5 years. Rates of breast can-
cer and other events were compared by the use of risk ratios
(RRs) and 95% confidence intervals (CIs). Estimates of the
net benefit from 5 years of tamoxifen therapy were compared
by age, race, and categories of predicted breast cancer risk.
Statistical tests were two-sided. Results: After 7 years of
follow-up, the cumulative rate of invasive breast cancer was
reduced from 42.5 per 1000 women in the placebo group to
24.8 per 1000 women in the tamoxifen group (RR = 0.57,
95% CI = 0.46 to 0.70) and the cumulative rate of noninva-
sive breast cancer was reduced from 15.8 per 1000 women in
the placebo group to 10.2 per 1000 women in the tamoxifen
group (RR = 0.63, 95% CI = 0.45 to 0.89). These reductions
were similar to those seen in the initial report. Tamoxifen led
to a 32% reduction in osteoporotic fractures (RR = 0.68,
95% CI = 0.51 to 0.92). Relative risks of stroke, deep-vein
thrombosis, and cataracts (which increased with tamoxifen)
and of ischemic heart disease and death (which were not
changed with tamoxifen) were also similar to those initially
reported. Risks of pulmonary embolism were approximately
11% lower than in the original report, and risks of endome-
trial cancer were about 29% higher, but these differences
were not statistically significant. The net benefit achieved
with tamoxifen varied according to age, race, and level of
breast cancer risk. Conclusions: Despite the potential bias
caused by the unblinding of the P-1 trial, the magnitudes of
all beneficial and undesirable treatment effects of tamoxifen
were similar to those initially reported, with notable reduc-
tions in breast cancer and increased risks of thromboem-
bolic events and endometrial cancer. Readily identifiable
subsets of individuals comprising 2.5 million women could
derive a net benefit from the drug. [J Natl Cancer Inst
2005;97:1652-62]

When the National Surgical Adjuvant Breast and Bowel
Project (NSABP) Breast Cancer Prevention Trial (P-1) was
begun in 1992, two principal clinical strategies were being used
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to improve breast cancer management. The first approach was
aimed at devising progressively better regimens for the systemic
treatment of detectable disease. The second was directed toward
improving methods of detection so as to identify breast cancer at
an carlier stage of development. There was, however, a need to
implement a plan that would evaluate the worth of modalities
that were presumed to be capable of interfering with the initiation
and/or promotion of clinically nondetectable tumors. That ap-
proach has been referred to as prevention.

An extensive body of literature describing the pharmacokinet-
ics, metabolism, antitumor effects, and toxicity of the antiestro-
gen tamoxifen in experimental animals and in humans was
obtained during the 1970s and 1980s (/—4). Other studies showed
that tamoxifen-treated women had a statistically significantly
lower incidence of contralateral breast cancer than did women
who received placebo (5—9). That information was judged to be
sufficient to justify the formulation of a testable hypothesis that
proposed that the administration of tamoxifen as a preventive
agent to women at high risk for breast cancer would reduce their
risk. The P-1 trial became the mechanism for testing the credibil-
ity of that thesis. Initial findings from the P-1 study (70) demon-
strated that tamoxifen administration resulted in a statistically
significant reduction in the risk of noninvasive and estrogen re-
ceptor (ER)—positive invasive breast cancer. This risk reduction
occurred in women regardless of age; of history of noninvasive
breast disease, including both lobular carcinoma in situ (LCIS)
and atypical hyperplasia; and of other breast cancer risk factors.
Although tamoxifen also reduced the risk of osteoporotic frac-
tures, it increased the risk of endometrial cancer, thromboembo-
lism, and other undesirable side effects but had no effect on the
rate of heart disease. This article provides an update of the
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findings from the P-1 trial after 7 years of follow-up, with an
average of 74 months of follow-up.

PATIENTS AND METHODS

Accrual, Drug Administration, and Follow-up

From April 22, 1992, through May 20, 1997, risk assessments
were performed for 98018 women (70). On the basis of their
risk, 57641 (58.8%) of these women were deemed eligible for
participation in the trial, and 14453 agreed to be medically eval-
uated to further determine their eligibility; a total of 13954 par-
ticipants met all eligibility requirements (70). Between June 1,
1992, and September 30, 1997, 13 388 of those women were ran-
domly assigned to receive either placebo (6707 participants) or
tamoxifen at 20 mg/day (6681 participants) for 5 years. After the
trial results were announced in 1998, all women and their physi-
cians were informed as to whether they had received tamoxifen
or placebo. Women in the tamoxifen group who wished to do so
continued to receive that drug for a total of 5 years. Participants
in the placebo group were given the opportunity either to receive
a 5-year course of tamoxifen or to be randomized to the Study of
Tamoxifen and Raloxifene (STAR) trial. Almost 32% of the
women in the placebo group accepted one of those alternatives.
Other women in the placebo group received tamoxifen or raloxi-
fene by prescription, although the precise number of women who
did so is unknown.

The original protocol for the P-1 study included a plan for
follow-up through 7 years after randomization. After the trial
was unblinded, the protocol was amended to continue follow-up,
beyond 7 years, of only those women who had been randomly
assigned to the tamoxifen group. Written informed consent was
obtained for each participant according to federal and institu-
tional guidelines; the consent allowed both for the collection of
data about breast and other cancers and for obtaining information
about the side effects that had been found to be associated with
tamoxifen administration.

Participant Eligibility and Breast Cancer Risk Assessment

To be eligible for the trial, women had to have signed a con-
sent form that had been witnessed and dated before randomiza-
tion; had to be either 60 years of age or older or between 35 and
59 years of age with a 5-year predicted risk for breast cancer of
at least 1.66% (as determined by the algorithm described below);
or had to have a history of LCIS or atypical hyperplasia. Within
180 days before randomization, women had to have undergone a
mammogram that was determined to be negative for breast can-
cer. Also, women were not eligible for participation in the study
if they had taken estrogen or progesterone replacement therapy,
oral contraceptives, or androgens within 3 months of randomiza-
tion. Participants were also prohibited from taking those drugs
while they were enrolled in the study. Women who had a history
of deep-vein thrombosis or pulmonary embolism were ineligible.
The algorithm used to determine the predicted risk of breast can-
cer was based on a modified version of the multivariable logistic
regression model developed by Costantino et al. (/7). The vari-
ables included in the model were a woman’s age, race, number of
first-degree relatives with breast cancer, nulliparity or age at first
live birth, number of benign breast biopsies, pathologic diagnosis
of atypical hyperplasia, and age at menarche.
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Statistical Methods

Randomization of participants was performed centrally in a
double-blind fashion by the NSABP Biostatistical Center. Par-
ticipants were stratified by age (3549 years, 50-59 years, or
>60 years), race (African American, white, or other), history of
LCIS (yes or no), and 5-year predicted breast cancer risk (<2.5%,
2.5%-3.9%, or >4.0%). An adaptive randomization scheme
using the biased coin method was used to avoid imbalances in
group assignment within a clinical center (72). The design of the
study included formal interim monitoring for early stopping
based on the primary end point of the trial, i.e., the incidence of
invasive breast cancer (/3). To facilitate the monitoring of mul-
tiple potential beneficial and detrimental outcomes, a form of
monitoring that used a global index modeled after the one pro-
posed for the Women’s Health Initiative trial was used (74).

The data included in this article are based on information re-
ceived and processed by the NSABP Biostatistical Center as of
March 31, 2005. Because follow-up data were not collected for
participants in the placebo group after 7 years, all analyses, which
were based on the assignment of women at the time of their ran-
domization, have been censored at 7 years. All randomly assigned
participants who were at risk and for whom follow-up data were
obtained were included in the analyses. Incidence rates for the
study end points were calculated for each group by dividing the
number of observed events by the number of observed event-
specific person-years of follow-up. Two-sided P values for tests
of differences between the groups for the rates of invasive breast
cancer, noninvasive breast cancer, and invasive endometrial can-
cer were determined by use of the exact method (75). Event rates
in the two groups were also compared by use of the risk ratios
(RRs) and 95% confidence intervals (Cls). Confidence intervals
were determined assuming that the events followed a Poisson
distribution, conditioning on the total number of events and
person-years at risk. Cumulative incidence rates by follow-up
time were determined accounting for competing risk due to death
(16). Differences between cumulative incidence curves were
assessed by the method of Pepe and Mori (17).

REsuLTS
Participant Characteristics

Table 1 shows, by duration of follow-up time, the distribu-
tions of women in the placebo and tamoxifen groups who were
included in the analyses. Of the 13388 women who were ran-
domly assigned, 13207 were included in these analyses. One
participant was discovered to have had a prior diagnosis of breast
cancer, and follow-up information was not available for 180 of
the women. In the initial report of the P-1 results (710), follow-up
was not available for 212 women, but it has since been obtained
for 32 of those women. The number of person-years of follow-up
included in this analysis was 40648 for the placebo group and
40844 for the tamoxifen group. These numbers of person-years
are 56% greater than those included in the original publication
for both treatment groups. Since the study was unblinded in
March 1998, many women have decided to discontinue their par-
ticipation. Because the withdrawal rate between the sixth and
seventh years of follow-up was higher in the placebo group than
in the tamoxifen group, the amount of information available for
the two groups for this period was substantially different. In
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Table 1. Women included in the analyses and number followed up through
5, 6, and 7 years

Accrual and follow-up status Placebo Tamoxifen Total
Accrual
Women randomly assigned 6707 6681 13388
Not at risk* 0 1 1
Without follow-up 97 83 180
Included in analysis 6610 6597 13207
Follow-up time (y)
>5 5550 5602 11152
>6 5285 5372 10657
>7 4379 4931 9310
Average follow-up time (mo) 73.8 74.3 74.0
Total person-years of follow-up 40648 40844 81492

included in this analysist

*History of invasive breast cancer prior to randomization.
tFollow-up was censored at 7 years (see text for details).

particular, 552 more women in the tamoxifen group than the
placebo group had follow-up through 7 years (4379 and 4931,
respectively).

The distributions of the 13207 participants included in the
analyses by participant characteristics are shown in Table 2.
Approximately 39% of the women were aged 35-49 years at the
time of random assignment, 31% were aged 50-59 years, and
30% were aged 60 years or older. Approximately 3% of the par-
ticipants were aged 35-39 years, and 6% were aged 70 years or

Table 2. Participant characteristics at time of randomization for women
included in the analyses*

Placebo Tamoxifen

Characteristic No. % No. %
Age (y)

35-39 186 2.8 160 2.4

4049 2414 36.5 2429 36.8

50-59 2022 30.6 2037 30.9

60-69 1592 24.1 1577 239

>70 396 6.0 394 6.0
Race

White 6368 96.3 6366 96.5

African American 112 1.7 111 1.7

Other 130 2.0 120 1.8
No. of first-degree relatives

with breast cancer

0 1597 242 1548 23.5

1 3738 56.6 3763 57.0

2 1094 16.6 1072 16.2

>3 181 2.7 214 32
Prior hysterectomy

No 4200 63.5 4111 62.3

Yes 2410 36.5 2486 37.7
History of LCIS

No 6197 93.8 6181 93.7

Yes 413 6.2 416 6.3
History of AH

No 5995 90.7 6016 91.2

Yes 615 9.3 581 8.8
5-y predicted breast cancer

risk (%)t

<2.00 1661 25.1 1643 24.9

2.01-3.00 2035 30.8 2064 313

3.01-5.00 1794 27.1 1718 26.0

>5.01 1120 16.9 1172 17.8
Total 6610 100.0 6597 100.0

*LCIS = lobular carcinoma in situ; AH = atypical hyperplasia.
fDetermined with the Gail model (17).
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older. Almost all of the participants were white (96%), more than
one-third (37%) had had a hysterectomy prior to randomization,
6% had a history of LCIS, and 9% had a history of atypical
hyperplasia. More than 75% of the participants had at least one
first-degree relative with breast cancer; more than half (57%) of
the participants had one such relative, 16% had two, and 3% had
three or more. Approximately one-quarter of the women had a
S-year predicted breast cancer risk of 2.00% or less, almost 58%
had a 5-year risk of between 2.01% and 5.00%, and 17% had a
S-year risk of more than 5.00%.

Comparison of the Initial and Updated Results

The updated estimates of the risk ratios and 95% confidence
intervals for all of the beneficial and undesirable outcomes of
tamoxifen administration are similar to those that were reported
initially (70) (Fig. 1). Both datasets showed similar decreases in
invasive and noninvasive breast cancer and in osteoporotic frac-
tures. The datasets also showed similar increases in endometrial
cancer, thromboembolic events, and cataracts associated with
tamoxifen administration.

Reduction in Invasive and Noninvasive Breast
Cancer Events

Through 7 years of follow-up, the cumulative rate of invasive
breast cancer was reduced from 42.5 per 1000 women in the
placebo group to 24.8 per 1000 women in the tamoxifen group
(P<.001; Fig. 2). The risk ratio was 0.57 (95% CI =0.46 to 0.70),
and the incidence rate of invasive breast cancer was 0.27% less
in the tamoxifen group than in the placebo group (Table 3). The
cumulative rate of noninvasive breast cancer (ductal carcinoma
in situ [DCIS] and LCIS) was reduced from 15.8 per 1000 women
in the placebo group to 10.2 per 1000 women in the tamoxifen
group (P =.008; Fig. 2). The risk ratio was 0.63 (95% CI = 0.45
to 0.89), and the incidence rate of noninvasive breast cancer was
0.09% less in the placebo group than in the tamoxifen group (data
not shown). Tamoxifen reduced the risk of invasive breast cancer
in women in all subgroups defined by age, history of LCIS, his-
tory of atypical hyperplasia, or level of predicted risk of breast
cancer (Table 3). Although there were some variations in the

Invasive Breast Cancer ~mam Results
— Initial
Noninvasive Breast Cancer ~masCommm : m—— pdated
Osteoporotic Fractures C—
Death _D;'_j—
Ischemic Heart Disease :'_:_D—
Endometrial Cancer _:4
Stroke |_
Pulmonary Embolus D_’
Deep-Vein Thrombus
Cataracts '_D—7

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Relative Risk and 95% Confidence Interval

Fig. 1. Comparison of relative risks (with 95% confidence intervals) of benefits
and undesirable effects of tamoxifen from the initial and updated results of
NSABP P-1.
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Fig. 2. Cumulative rates per 1000 women of invasive and noninvasive breast
cancers in NSABP P-1 participants by treatment group.

point estimates of the risk ratio across the various categories of
these subgroups, there were no statistically significant differ-
ences in the magnitudes of effect across categories.

The effectiveness of tamoxifen was also assessed by compar-
ing the rates of occurrence of invasive breast cancer during each
of the seven yearly intervals of follow-up (Fig. 3). In each of the
years 2 through 5, the rates of tumors in women who received
tamoxifen were reduced by approximately 50% compared with
rates in women who received placebo; in year 6, the reduction was
29%, and in year 7, it was only 14%. However, it is important to
note that the rate in the tamoxifen group remained relatively con-
stant during the 7-year period; the decline in the magnitude of
difference between the groups in the later years was due to a de-
crease in the rate of breast cancer in the placebo group rather than
to an increase in the rate of breast cancer in the tamoxifen group.

Relation of Tumor Characteristics to Reduction in
Invasive Breast Cancer

The size distributions of invasive tumors in women in the
placebo and tamoxifen groups were similar. In each group,

nearly 40% of the tumors were 1 cm or smaller, approximately
50% were 1.1-3.0 cm, and approximately 10% were 3.1 cm or
larger (Table 4). In women who received tamoxifen, the reduc-
tion in the rate of invasive cancer among the three groups was
similar, i.e., 39%, 43%, and 49%, respectively. In the placebo and
tamoxifen groups, the distribution of tumors according to nodal
status was also similar; approximately two-thirds of the women
with breast cancer in each group had negative nodes. Tamoxifen
reduced the rate of node-negative cancer by 45% and of node-
positive cancer by 32%, but the magnitudes of these reductions
were not statistically significantly different from each other. The
tumors in the placebo and tamoxifen groups had different distri-
butions by ER status; 81% of the tumors that developed in the
placebo group and 56% of those in the tamoxifen group were ER
positive. Tamoxifen administration resulted in a 62% reduction
in the rate of ER-positive invasive breast cancer but did not re-
duce the rate of ER-negative breast cancer.

Reduction in Osteoporotic Fractures

Women who received tamoxifen experienced reductions in
hip, spine, and radius (Colles’) fractures compared with women
who received placebo (RR = 0.68, 95% CI = 0.51 to 0.92)
(Table 5). Most fractures (89%) occurred in women aged 50
years or older. Tamoxifen treatment reduced fractures in that age
group by 29% (RR = 0.71, 95% CI = 0.52 to 0.97). Among
women aged 49 years or younger, tamoxifen reduced fractures
by 53% (RR =0.47, 95% CI =0.16 to 1.22).

Ischemic Heart Disease

There was no evidence that the administration of tamoxifen
increased ischemic heart disease, either overall or by a specific
type of event (Table 6). Risk ratios comparing tamoxifen with
placebo for fatal and nonfatal myocardial infarctions, severe

Table 3. Events and incidence rates of invasive breast cancer in the placebo and tamoxifen groups by selected participant characteristics®

No. of events

Rate per 1000 women

Characteristic Placebo Tamoxifen Placebo Tamoxifen Differencet RRi 95% CI
All women 250 145 6.29 3.59 2.70 0.57 0.46 to 0.70
Age at Entry (y)
<49 98 63 6.32 4.04 2.28 0.64 0.46 to 0.89
50-59 72 42 5.87 3.33 2.54 0.57 0.38 t0 0.84
>60 80 40 6.68 3.30 3.38 0.49 0.33t00.73
History of LCIS
No 221 129 5.93 3.41 2.52 0.58 0.46 to 0.72
Yes 29 16 11.70 6.27 5.43 0.54 0.27 to 1.02
History of AH
No 212 136 5.87 3.69 2.18 0.63 0.50t0 0.78
Yes 38 9 10.42 2.55 7.87 0.25 0.10 to 0.52
5-y predicted breast cancer risk (%)§
<2.00 58 40 4.717 3.18 1.59 0.67 0.43to 1.01
2.01-3.00 67 41 6.13 3.88 2.25 0.63 0.42 t0 0.95
3.01-5.00 45 27 4.51 2.70 1.81 0.60 0.36 to 0.99
>5.01 80 37 11.98 5.15 6.83 0.43 0.28 to 0.64
No. of first-degree relatives with breast cancer
0 62 33 6.47 3.48 2.99 0.54 0.34 t0 0.83
1 124 73 5.52 3.16 2.36 0.57 0.42t0 0.77
2 52 32 7.84 491 2.93 0.63 0.39 t0 0.99
>3 12 7 11.24 5.48 5.76 0.49 0.16 to 1.34
*LCIS = lobular carcinoma in situ; AH = atypical hyperplasia; RR = risk ratio; CI = confidence interval.
TRate in the placebo group minus rate in the tamoxifen group.
iRisk ratio for women in the tamoxifen group relative to women in the placebo group.
§Determined with the Gail model (/).
Journal of the National Cancer Institute, Vol. 97, No. 22, November 16, 2005 ARTICLES 1655

220z 1snbny 0z uo 1senb Aq 89171.2GZ/2591L/22/L6/2191e/10ul/Wwoo dno olwepeoe//:sdiy wol papeojumoq



-
o

91 -O- Placebo

81 -@- Tamoxifen
74
6 -
54
4-
3
2

Invasive Breast Cancer Rate/1000

1 2 3 4 5 6 7
Year of Follow-up

Fig. 3. Annual rates of invasive breast cancer per 1000 women by year of
follow-up and treatment group in NSABP P-1.

angina, and acute ischemic syndrome ranged from 0.94 (95%
CI=0.55t01.58)to 1.12 (95% C1=10.68 to 1.86). Overall, the risk
ratio for ischemic heart disease was 1.03 (95% CI =0.79 to 1.36).

Uterine Cancer

Women who received tamoxifen had a statistically signifi-
cantly increased risk of invasive endometrial cancer (RR = 3.28,
95% CI = 1.87 to 6.03) (Table 7). The risk was not increased in
women aged 49 years or younger (RR = 1.42, 95% CI = 0.55 to
3.81), but there was a statistically significant increase in risk in
women aged 50 years or older (RR = 5.33, 95% CI = 2.47 to
13.17). The cumulative rate of invasive endometrial cancer
through 7 years of follow-up was 4.68 per 1000 women in the
placebo group and 15.64 per 1000 women in the tamoxifen group,
respectively (P<.001). Of the 70 cases of endometrial cancer
(17 in the placebo group and 53 in the tamoxifen group), 67 cases
(15 in the placebo group and 52 in the tamoxifen group) were
International Federation of Gynecology and Obstetrics (FIGO)
stage [. Of the remaining two cases in the placebo group, one was
stage Il and one was stage IV. The remaining case in the tamox-
ifen group was stage II1. Four cases of endometrial cancer in situ
were observed: three in the placebo group and one in the tamox-
ifen group. In addition to these cases of endometrial cancer, there

were four cases of uterine sarcoma, one in the placebo group and
three in the tamoxifen group.

Thromboembolic Events

Women in the P-1 study who experienced more than one
thromboembolic event were categorized according to the most
severe event; e.g., if a woman had both a pulmonary embolism
and deep-vein thrombosis, she was considered to have had a pul-
monary embolism. There was evidence of an increased risk of
stroke in women who received tamoxifen, but the increase was
not statistically significant (RR = 1.42, 95% CI = 0.97 to 2.08)
(Table 8). The incidence rate of stroke was 0.05% greater in the
tamoxifen group than in the placebo group. In analyses by age,
women aged 49 years or younger were not at increased risk for
stroke if they had received tamoxifen (RR = 1.13, 95% CI = 0.39
to 3.36). However, for women aged 50 years or older, there was
some evidence that tamoxifen increased the risk of stroke (RR =
1.47, 95% CI = 0.97 to 2.22). The risk of transient ischemic
attacks was similar in both groups (RR = 0.91, 95% CI = 0.54
to 1.52). The incidence of pulmonary embolism was statistically
significantly greater in the tamoxifen group than in the placebo
group (RR = 2.15, 95% CI = 1.08 to 4.51). There were six cases
of pulmonary embolism in women aged 49 years or younger:
Two occurred among women in the placebo group and four
among women in the tamoxifen group (RR = 2.01, 95%
CI=0.29t0 22.19). Among women aged 50 years or more, those
who received tamoxifen had an increased risk of pulmonary
embolism (RR =2.16, 95% CI =1.02 to 4.89). The overall risk of
deep-vein thrombosis was also greater in the tamoxifen group
than in the placebo group, although the difference was not statis-
tically significant (RR=1.44, 95% CI = 0.91 to 2.30). The risk
increase was similar in both age groups.

Cataracts

The rates of both cataracts and cataract surgery were statisti-
cally significantly elevated in women in the tamoxifen group.
The incidence rate of cataract development was 27.75 per 1000
women in the tamoxifen group and 22.85 per 1000 women in the
placebo group (RR = 1.21, 95% CI = 1.10 to 1.34). In women
who developed cataracts, the incidence rate of cataract surgery
was 10.54 per 1000 women in the tamoxifen group and 7.58

Table 4. Events and incidence rates of invasive cancer in the placebo and tamoxifen groups by selected tumor characteristics

No. of events (%)

Rate per 1000 women

Characteristic Placebo Tamoxifen Placebo Tamoxifen Difference™ RRf 95% CI
Tumor size (cm)
<1.0 90 (36.0) 56 (38.6) 2.26 1.39 0.87 0.61 0.43 t0 0.87
1.1-3.0 130 (52.0) 75 (51.7) 3.27 1.86 1.41 0.57 0.42t0 0.76
>3.1 25 (10.0) 13 (9.0) 0.63 0.32 0.31 0.51 0.24 to 1.04
Unknown 5(2.0) 1(0.7) 0.13 0.02 0.11 0.20 0.01to 1.76
Pathologic nodal status
Negative 162 (64.8) 91 (62.8) 4.08 2.26 1.82 0.55 0.42t00.72
Positive 70 (28.0) 48 (33.1) 1.76 1.19 0.57 0.68 0.46 to 0.99
Unknown 18(7.2) 6(4.1) 0.45 0.15 0.30 0.33 0.11 to 0.86
Estrogen receptor status
Negative 42 (16.8) 56 (38.6) 1.06 1.39 —0.33 1.31 0.86 to 2.01
Positive 182 (72.8) 70 (48.3) 4.58 1.74 2.84 0.38 0.28 to 0.50
Unknown 26 (10.4) 19 (13.1) 0.65 0.47 0.18 0.72 0.38to 1.35

*Rate in the placebo group minus rate in the tamoxifen group.

tRisk ratio for women in the tamoxifen group relative to women in the placebo group. RR = risk ratio; CI = confidence interval.
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Table 5. Events and incidence rates of osteoporotic fractures in the placebo and tamoxifen groups by site of fracture and age at entry

No. of events

Rate per 1000 women

Variable Placebo Tamoxifen Placebo Tamoxifen Difference* RRT 95% CI
Fractures 1163 80§ 2.88 1.97 0.91 0.68 0.51 t0 0.92
Hip 35 24 0.86 0.59 0.27 0.68 0.39to 1.18
Spine 53 40 1.31 0.98 0.33 0.75 0.48to0 1.15
Radius (Colles’) 29 20 0.72 0.49 0.23 0.69 0.37to 1.25
Age at entry (y)
<49 15 7 0.95 0.44 0.51 0.47 0.16to 1.22
>50 101 73 4.13 2.95 1.18 0.71 0.52 t0 0.97

*Rate in the placebo group minus rate in the tamoxifen group.

TRisk ratio for women in the tamoxifen group relative to women in the placebo group. RR = risk ratio; CI = confidence interval.

One woman in the placebo group had both a hip and a Colles’ fracture.

§In the tamoxifen group, one woman had a hip and a Colles’ fracture; one woman had a hip and a spine fracture; and one woman had a hip, a spine, and a Colles’

fracture.

per 1000 women in the placebo group (RR = 1.39, 95%
CI=1.19to 1.63).

Cancers Other Than Those of the Breast and
Endometrium

There were 155 cancers at 18 sites other than the breast and
endometrium among women who received placebo and 178
cancers at 21 other sites among those who received tamoxifen
(Table 9). None of the differences by site was statistically sig-
nificant. The largest absolute difference in numbers of events
between the placebo and tamoxifen groups was six cases, which
occurred for both skin cancer and for lymphatic and hematopoi-
etic cancers. The most frequently occurring cancer was lung can-
cer, which developed in 30 women in the placebo group and 33
in the tamoxifen group.

Causes of Death

Death rates were similar in the two groups (RR = 1.10, 95%
CI=0.85 to 1.43). No cause-specific category of death exhibited
astatistically significant difference between the groups (Table 10).
The most frequent cause of death was lung cancer, with 17 such
deaths occurring in each group. There were 11 deaths due to
breast cancer in the placebo group and 12 such deaths in the
tamoxifen group. In the tamoxifen group, three deaths were re-
lated to pulmonary embolism and nine to stroke. In the placebo
group, one death occurred from pulmonary embolism and three
occurred from stroke.

DiscussioN

The updated data from the P-1 trial confirm the reduction in
the risk of invasive breast cancer with tamoxifen treatment that
we reported in the initial publication (70). That conclusion is sup-
ported by the observation that the incidence rate of breast cancer
among women who received tamoxifen was relatively constant
through 7 years of follow-up and the fact that the rate remained
stable for at least 2 years past the maximum time that the women
received tamoxifen (Fig. 3).

It should be noted that reduction in mortality was not the
primary end point of the P-1 trial because, when the study was
designed, it was anticipated that the follow-up time required to
obtain definitive information about reduction in mortality was
likely to be 15-20 years. Instead, reduction in incidence of breast
cancer was used as a marker of outcome. In 1998, when an over-
all 49% reduction in the risk of breast cancer (P<.001) was ob-
served, the independent data monitoring committee that regularly
reviewed the P-1 data decided that the primary aim of the trial
had been attained beyond all reasonable doubt. The committee
recommended, therefore, that the study be unblinded, the find-
ings be disclosed, and participants be informed of whether or not
they had received placebo so that they could decide whether to
take tamoxifen to reduce their risk of breast cancer (78). Although
the study had been designed to determine reduction in incidence
of breast cancer rather than improved survival, and despite the
recommendation of the data monitoring committee, some critics
suggested that the participants should not have been informed of
the marked benefit achieved with tamoxifen until a survival ben-
efit was demonstrated (719—22). This position is an unrealistic one

Table 6. Events and incidence rates of ischemic heart disease in the placebo and tamoxifen groups

No. of events

Rate per 1000 women

Type of event Placebo Tamoxifen Placebo Tamoxifen Difference* RRf 95% CI
Myocardial infarction 44 43 1.09 1.06 0.03 0.97 0.62 to 1.52
Fatal 11 12 0.27 0.29 0.02 1.09 0.44 t0 2.72
Nonfatal 33 31 0.81 0.76 0.05 0.94 0.55to 1.58
Severe angina 33 34 0.82 0.84 —0.02 1.03 0.62to 1.71
Acute ischemic syndromes 32 36 0.79 0.89 —0.10 1.12 0.68 to 1.86
Total 109 113 2.70 2.79 —-0.09 1.03 0.79 to 1.36

*Rate in the placebo group minus rate in the tamoxifen group.

fRisk ratio for women in the tamoxifen group relative to women in the placebo group. RR = risk ratio; CI = confidence interval.
iDiagnosis based upon new Q-wave on electrocardiogram without angina, elevation of serum enzymes, or angina requiring hospitalization without surgery.
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Table 7. Events and incidence rates of invasive and in situ endometrial cancer in the placebo and tamoxifen groups by age at study entry*

No. of events

Rate per 1000 women

Type of cancer Placebo Tamoxifen Placebo Tamoxifen Differencet RRi 95% CI

Invasive 17 53 0.68 2.24 -1.56 3.28 1.87 t0 6.03
<49y at entry 9 12 0.82 1.16 —-0.34 1.42 0.55 t0 3.81
>50y at entry 8 41 0.58 3.08 -2.50 5.33 2.47to 13.17

In situ cancer 3 1 0.12 0.04 0.08 0.35 0.01 to 4.36

*Women at risk were those with an intact uterus. RR = risk ratio; CI = confidence interval.

tRate in the placebo group minus rate in the tamoxifen group.

fRisk ratio for women in the tamoxifen group relative to women in the placebo group.

that fails to take into account the ethical considerations under
which medical research is conducted, i.e., adhering to commit-
ments in the consent form regarding data sharing and notifying
participants of the findings once the independent data monitoring
committee has recommended doing so.

Our findings and those of other investigators indicated the rel-
evance of using incidence rather than mortality as the primary
end point in a breast cancer prevention study. Of the three other
prevention trials that have reported findings (20,23,24), only one
study (23) defined breast cancer mortality as a primary end point,
and information on this end point will probably never be forth-
coming. The investigators of the recently implemented Interna-
tional Breast Cancer Intervention Study (IBIS-II [Prevention])
have identified breast cancer incidence as the primary end point
in their trial and have indicated that evidence to test that hypoth-
esis will be obtained after a median follow-up of 5 years (25).
Although those investigators have designated breast cancer mor-
tality as a secondary end point, they have also recognized that
reduction in the incidence of breast cancer is likely to be deter-
mined well before the findings with regard to survival are ascer-
tained. They have stated that the power to detect a survival end
point within 10 years is marginal (25).

Although criticism of the decision to unblind the P-1 trial was
unjustified, the current findings do provide justification for ques-
tioning whether it was appropriate to continue to obtain follow-
up information from participants once they had been informed of
whether they had received placebo or tamoxifen. After the un-
blinding, almost one-third of the placebo participants began
taking a selective estrogen-receptor modifier (SERM) for chemo-

prevention. Therefore, the proportion of women in the placebo
group with follow-up was 8.5% less than that in the tamoxifen
group. Thus, the potential for bias and confounding in the long-
term findings was substantial. The observation that the rate of
breast cancer in the placebo group dropped in the sixth and sev-
enth years of follow-up to a level that was close to the rate seen
in the tamoxifen group (Fig. 3) supports the conclusion that there
is a bias causing an attenuation of the relative risk toward 1.0. As
a result of these potential biases, the true magnitude of the effects
from tamoxifen cannot be estimated well from the updated data.
The data presented in the original report, which were obtained
before the P-1 trial was unblinded, thus provide the best estimate
of the true magnitude of tamoxifen effects.

Although the updated P-1 data fail to provide evidence of a
reduction in mortality, findings from NSABP B-14, a randomized
trial that compared the outcome of patients with ER-positive tu-
mors and negative nodes who received either placebo or tamoxi-
fen (26), indicate that the reduction in breast cancer incidence in
the P-1 trial will likely be accompanied by a decrease in breast
cancer mortality. In the B-14 study, the recurrence-free survival
benefit from tamoxifen that was noted after 5 years continued to
increase through 15 years of follow-up. Although an overall
survival benefit was not observed until after about 10 years of
follow-up, it, too, progressively increased through 15 years.

Other information that can be gained from the updated P-1
data relates to the reliability of conclusions about the beneficial
and undesirable effects that have previously been associated with
tamoxifen administration. All of the previously reported findings
and conclusions about these effects (/0) have persisted with

Table 8. Events and incidence rates of vascular-related events in the placebo and tamoxifen groups by age at study entry

No. of events

Rate per 1000 women

Type of event by age at study entry (y) Placebo Tamoxifen Placebo Tamoxifen Difference* RRf 95% CI
Stroke 50 71 1.23 1.75 —0.52 1.42 0.97 to 2.08
<49 8 9 0.50 0.57 —-0.07 1.13 0.39 t0 3.36
>50 42 62 1.70 2.50 —0.80 1.47 0.97 to 2.22
Transient ischemic attack 34 31 0.84 0.76 0.08 0.91 0.54 to 1.52
<49 7 4 0.44 0.25 0.19 0.57 0.12t0 2.25
>50 27 27 1.10 1.09 0.01 0.99 0.56 to 1.76
Pulmonary embolism 13 28 0.32 0.69 -0.37 2.15 1.08 to 4.51
<49 2 4 0.13 0.25 —0.12 2.01 0.29t0 22.19
>50 11 24 0.44 0.96 —0.52 2.16 1.02 to 4.89
DVT: 34 49 0.84 1.21 -0.37 1.44 0.91 t0 2.30
<49 12 16 0.76 1.01 —0.25 1.34 0.59 t0 3.10
>50 22 33 0.89 1.33 —0.44 1.49 0.84 t0 2.68

*Rate in the placebo group minus rate in the tamoxifen group.

+Risk ratio for women in the tamoxifen group relative to women in the placebo group. RR = risk ratio; CI = confidence interval.

iDVT = deep-vein thrombosis.
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Table 9. Events and incidence rates for invasive cancer cases other than breast and uterine cancer in the placebo and tamoxifen groups

No. of events

Rate per 1000 women

Site of cancer Placebo Tamoxifen Placebo Tamoxifen RR* 95% CIt
Mouth, pharynx, larynx 2 6 0.05 0.15 2.99 0.53 t0 30.27
Stomach 2 2 0.05 0.05 1.00 0.07 to 13.74
Gallbladder 4 1 0.10 0.02 0.25 0.01 to 2.52
Pancreas 11 8 0.27 0.20 0.72 0.25 to 1.98
Retroperitoneum 3 1 0.07 0.02 0.33 0.01to 4.14
Colon 15 20 0.37 0.49 1.33 0.65 t0 2.79
Rectum 4 6 0.10 0.15 1.49 0.35t0 7.20
Liver 0 1 0 0.02 — —
Lung, trachea, bronchus 30 33 0.74 0.82 1.10 0.65 to 1.86
Lymphatic and hematopoietic systems 20 26 0.50 0.64 1.29 0.70 to 2.45
Uterus, ovary, fallopian tube 18 17 0.45 0.42 0.94 0.46to 1.93
Other genital 3 3 0.07 0.07 1.00 0.13 to 7.44
Urinary bladder 3 5 0.07 0.12 1.66 0.32 to 10.69
Kidney 6 8 0.15 0.20 1.33 0.40 to 4.64
Connective tissue 2 1 0.05 0.02 0.50 0.01 to 9.57
Skin 13 19 0.32 0.47 1.46 0.68 to 3.21
Nervous system 5 3 0.12 0.07 0.60 0.09 to 3.07
Thyroid gland 7 8 0.17 0.20 1.14 0.36 t0 3.69
Adrenal gland 0 1 0 0.02 — —
Other digestive system 0 1 0 0.02 — —
Unknown 7 8 0.17 0.20 1.14 0.36 to 3.69

*RR = risk ratio for women in the tamoxifen group relative to women in the placebo group.

TCI = confidence interval.

longer follow-up. Some of the more important of those findings
were ones demonstrating that effects that were originally hypoth-
esized did not exist. For example, when the P-1 trial was de-
signed, there was evidence to indicate that tamoxifen altered lipid
and lipoprotein metabolism (27-31). Consequently, it was postu-
lated that tamoxifen might reduce the rate of ischemic heart dis-
ease. Although a reduced risk of heart disease with tamoxifen has
been reported (32-35) and tamoxifen reduced total cholesterol,
fibrinogen, and C-reactive protein in the P-1 cohort (36), the cur-
rent findings continue to demonstrate that tamoxifen administra-
tion does not reduce the risk of ischemic heart disease.

Because an increased risk of endometrial cancer had been as-
sociated with tamoxifen use among breast cancer patients (37,38)
by the time the P-1 study was conceived, the risk of that event
was included as a secondary end point. The increased risk of en-
dometrial cancer noted in the initial report of the P-1 findings
(10) persists in the updated data. Findings from the IBIS-I pre-
vention trial demonstrated a non—statistically significant (P = .2)
twofold excess of endometrial cancer in women who received
tamoxifen and, as with the P-1 findings, showed that the majority
of such cancers were FIGO stage I (24). The early stage of this
disease associated with tamoxifen discounts the contention that
endometrial cancer in women who received tamoxifen was as-
sociated with an “extremely” bad prognosis (39). In an earlier
report of data from the P-1 trial, we noted four cases of uterine
sarcoma in tamoxifen-treated women and none in women who
received placebo (40). Numbers in this report differ from those
previously reported because one woman with a tumor that oc-
curred after more than 7 years of follow-up was not included in
the current analysis. Also, one case of uterine sarcoma has been
noted in a woman in the placebo group since our initial report.

Pulmonary embolism and deep-vein thrombosis were included
as secondary end points in the P-1 trial. In both the initial (70)
and current findings from P-1, the frequency of those outcomes
was elevated in the tamoxifen group; however, the difference
reached statistical significance only for pulmonary embolism.
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Stroke, another thromboembolic event that has been observed in
women who received tamoxifen, was not a predefined secondary
end point, but we included it as an outcome in the initial report
because it was elevated, although not statistically significantly.
The current findings continue to demonstrate a non—statistically
significant increase in the incidence of stroke. However, it is not
clear whether this finding should be interpreted as a true eleva-
tion in risk because other investigators who have evaluated the
risk of stroke associated with tamoxifen have obtained various
findings. Recent results from a meta-analysis estimated that the
risk of ischemic stroke was increased among breast cancer pa-
tients who were treated with tamoxifen (4/). Results from a large,
nested case—control study showed that, after adjustment for other
factors associated with stroke, breast cancer patients who used
tamoxifen for at least 1 year had an increase in the risk of stroke
that was of borderline statistical significance (42). Although the
results from the IBIS-I prevention study showed a statistically
significant increased risk of thromboembolic events with tamoxi-
fen, the study did not demonstrate a statistically significantly
increased risk of stroke (24,43).

In the initial report of P-1, a slight but statistically significant
excess in posterior subcapsular lens opacities (cataracts) was ob-
served in women who had received tamoxifen. The current data
continue to demonstrate such an increase in the incidence rate
of cataract occurrence, as well as in the rate of cataract surgery.
Evaluation of the frequency of other adverse eye-related events
from tamoxifen failed to demonstrate vision-threatening toxicity
(44). More recently, investigators concluded that there was no
evidence that retinal small-vessel occlusive disease occurred at
an increased rate in patients taking tamoxifen (45). No increase
in either the frequency of cataracts or eye complaints was ob-
served in tamoxifen recipients in either the IBIS-I prevention
trial (24) or in a recent nested, matched case—control study (46).
It should be noted that eye morbidity was included as one of the
planned end points in the P-1 trial. Consequently, as for all end
points included in that study, the reporting requirements were
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Table 10. Deaths in the placebo and tamoxifen groups

Cause of death Placebo Tamoxifen

Cancer
Bladder
Brain
Breast
Colon
Gallbladder and extrahepatic bile duct
Kidney
Lung
Lymphatic and hematopoietic
Melanoma
Ovary
Pancreas
Stomach
Thyroid gland
Uterus
Primary site unknown
Cardiac and vascular disease
Disorder of arteries
Ischemic heart disease
Other heart disease
Pulmonary embolism
Stroke
Other
Auto accident
Other disease of the digestive system
Kidney/urinary tract
Other lung disease
Septicemia and other infection
Miscellaneous
Unknown
Total No. of deaths
Incidence rate per 1000 women
RR (95% CI)*
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3.08
1.10 (0.85 to 1.43)

*RR = risk ratio; CI = confidence interval.

comprehensive. Whether the other studies were as thorough in
their reporting of ocular events is unclear.

Another aspect of the current findings that has clinical signifi-
cance relates to the estimation of the net benefit resulting from
the use of tamoxifen. The methodology for conducting such an
estimate has been developed by Gail et al. (47). The process is
complex, involving 10 different outcomes relative to beneficial
and undesirable effects. As a consequence of this complexity, it
has not been fully recognized that there are large populations of
women who could likely benefit from taking tamoxifen (48—53);
thus, tamoxifen has been underused as a breast cancer prevention
agent. Using the data from the Gail et al. report (47), we have
constructed Fig. 4, which quantifies the benefits and risks from
tamoxifen in groups identified by predicted breast cancer risk,
age, and race. Although the graphic presentation does not include
all of the beneficial and undesirable events associated with the
drug, and although not all types of events have equal medical
significance, the presentation is adequate to illustrate the differ-
ences in net effect among populations. It is apparent from the
observations in Fig. 4 that the potential benefit from tamoxifen
therapy is related to a woman’s predicted 5-year risk of breast
cancer; 1.e., the benefit increases with an increase in the level of
predicted risk. It is also evident that the potential risks of
thromboembolic events and endometrial cancer are related to a
woman’s age and race. There are categories of women for whom
the net effect of chemoprevention is highly positive, e.g., all
women younger than 50 years whose 5-year predicted breast can-
cer risk is at least 2.5% and white women younger than 60 years
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Fig. 4. Benefits and risks associated with tamoxifen use for breast cancer risk
reduction. Numbers of breast cancers prevented by tamoxifen in cases per 10000
women over 5 years by 10-year age group and by level of predicted risk (left).
Numbers of thromboembolic events and endometrial cancers caused by tamoxifen
in cases per 10000 women over 5 years, by ethnicity (right).

whose 5-year predicted risk is at least 4.5%. Because the poten-
tial for undesirable effects is greater among older African
American women, a smaller proportion of such women than of
white women would gain a net beneficial effect from tamoxifen
chemoprevention.

Because women with a history of LCIS or atypical hyperpla-
sia have a high risk of developing invasive breast cancer, women
in this group also have the potential for demonstrating a positive
benefit-risk ratio from tamoxifen. The high breast cancer risk
among women with such a history is evident from the P-1 popu-
lation, for whom the initial report found a breast cancer incidence
rate of 12.99 per 1000 in women with LCIS and 10.11 per 1000
for those with atypical hyperplasia. This rate extrapolates to
S5-year observed breast cancer rates of about 6.5% and 5.0%, re-
spectively. Because the incidence of LCIS has more than doubled
during the past 25 years, with the peak incidence occurring dur-
ing menopause (54), and because of the frequent occurrence of
atypical hyperplasia, a substantial population of women with a
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history of either of these conditions might be expected to benefit
from tamoxifen. Because women with a history of DCIS are at
even higher risk for subsequent invasive breast cancer than those
with a history of LCIS or atypical hyperplasia (70,55), they
should also be considered for tamoxifen chemoprevention. Find-
ings from the NSABP B-17 and NSABP B-24 trials, which eval-
uated the management of DCIS, provide additional justification
for including women with a history of DCIS within the context of
breast cancer prevention (55).

Freedman et al. (56) have used Gail’s benefit/risk assessment
methodology to determine the total number of women in the
United States who would have a positive benefit-risk ratio from
chemopreventive therapy with tamoxifen. After considering the
distribution of women in the United States by age, race, hysterec-
tomy status, and 5-year breast cancer risk, they determined that
approximately 2.5 million women in the age range of 35-70
years could obtain a net benefit from chemopreventive therapy
with tamoxifen. This number represents about 25% of the women
in that age range who are considered to be at high risk for breast
cancer (i.e., women with a 5-year risk of >1.66%). The current
data from the P-1 trial are in accord with those findings.

Because this article is apt to be the final report of findings
from P-1, it is appropriate to conclude it by indicating that, from
its inception, we viewed the study not as a trial to evaluate the
worth of a drug (57) but rather as a scientific inquiry aimed at
testing the hypothesis that occult pathologic aberrations could
be altered so that they fail to become clinically detectable. Posi-
tive findings have been obtained from the P-1 trial that have
established proof of that principle. The P-1 trial should there-
fore be viewed as the starting point from which a new paradigm
for breast cancer management can evolve. In that regard, a se-
ries of new breast cancer prevention trials are currently being
conducted in postmenopausal women to evaluate other agents
that could be more effective than tamoxifen in decreasing the
risk of breast tumors and reducing the frequency of undesirable
side effects noted with the drug. One study, NSABP P-2, also
known as the STAR trial, has compared tamoxifen with another
SERM, raloxifene, an agent that was originally developed to
prevent osteoporosis (58). Breast cancer incidence was evalu-
ated as a secondary end point in the Multiple Outcomes of
Raloxifene Evaluation (MORE) trial that raloxifene reduced
the incidence of invasive breast cancer without increasing the
risk of endometrial cancer (59). IBIS-II (24) and MAP3 (60) are
comparing the efficacy of the aromatase inhibitors anastrozole
and exemestane, respectively, with placebo. Evidence from tri-
als supporting the efficacy of those agents for the treatment of
primary breast cancer justifies evaluating them in the prevention
setting (6/—64). Until one of these trials demonstrates a greater
net benefit from an alternative therapy, tamoxifen remains the
only proven chemopreventive treatment for breast cancer risk
reduction.
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