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Pierro, Anibal Hospital J. Fernandez, Buenos Aires,
Argentina; Prof. Dr. R. Tozzini, Roberto Hospital del
Centenario-Ginecologı́a, Rosario, Santa Fe, Argen-
tina; Dr. J. Beith, Royal Prince Alfred Hospital,
Camperdown, NSW, Australia; Dr. M. Byrne, Sir
Charles Gairdner Hospital, Nedlands, Australia; Dr.
M. Green, Royal Melbourne Hospital, Parkville,
Australia; Dr. J. Ph. Janssens, Salvatorziekenhuis,
Hasselt, Belgium; Prof. Dr. S. Van Belle, Dienst
Oncologie, Gent, Belgium; Dr. G. De Wasch, Henri
Serruys Ziekenhuis, Oostende, Belgium; Dr. A. L.

BACKGROUND. Two randomized, double-blind trials have compared tamoxifen 20

mg daily and the selective, nonsteroidal aromatase inhibitor anastrozole 1 mg daily

as first-line therapy for advanced breast carcinoma (ABC) in postmenopausal

women. The trials were prospectively designed to allow for combined data anal-

yses.

METHODS. The combined study population included 1021 postmenopausal women

(median age, 67 years [range, 30 –92]) with ABC whose tumors were either estrogen

and/or progesterone receptor positive or of unknown receptor status. Primary

endpoints were time to progression (TTP), objective response, and tolerability.

RESULTS. At a median duration of follow-up of 18.2 months, anastrozole was at

least equivalent to tamoxifen in terms of median TTP (8.5 and 7.0 months, respec-

tively; estimated hazard ratio [tamoxifen relative to anastrozole], 1.13 [lower 95%

confidence level, 1.00]). In a retrospective subgroup analysis, anastrozole was

superior to tamoxifen with respect to TTP (median values of 10.7 and 6.4 months

for anastrozole and tamoxifen, respectively, two-sided P 5 0.022) in patients with

estrogen and/or progesterone receptor positive tumors (60% of combined trial

population). In terms of objective response, 29.0% of anastrozole and 27.1% of

tamoxifen patients achieved either a complete response (CR) or a partial response

(PR). Clinical benefit (CR 1 PR 1 stabilization of $ 24 weeks) rates were 57.1% and

52.0% for anastrozole and tamoxifen, respectively. Both anastrozole and tamoxifen

were well tolerated. Anastrozole led to significantly fewer venous thromboembolic

(P 5 0.043; not adjusted for multiple comparisons) events, and vaginal bleeding

was reported in fewer patients treated with anastrozole than with tamoxifen.

CONCLUSIONS. In postmenopausal women with hormonally sensitive ABC, anas-

trozole should be considered as the new standard first-line treatment. Cancer

2001;92:2247–58. © 2001 American Cancer Society.

KEYWORDS: postmenopausal, breast carcinoma, tamoxifen, anastrozole, hormone
receptor, aromatase inhibitor.

Endocrine therapy is widely accepted for the adjuvant treatment of
breast carcinoma, primarily directed at reducing the synthesis of

estrogen or blocking estrogen receptors in tumors that are hormone
dependent.

In postmenopausal women with breast carcinoma whose disease
has progressed after treatment with the endocrine therapy tamoxifen,
a second-line endocrine agent such as an aromatase inhibitor fre-
quently is prescribed to provide maximum palliative benefit with
minimum toxicity. The new generation nonsteroidal aromatase in-
hibitor anastrozole (Arimidex™; AstraZeneca Pharmaceuticals LP,
Wilmington, DE) is both potent and selective and is given orally once
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daily. Because it is selective, it is well tolerated, while
providing near maximal estrogen suppression, both in
the peripheral circulation and within the tumor it-
self.1,2 Based on a prospective combined analysis of
two trials, anastrozole has shown a significant survival
advantage over megestrol acetate in postmenopausal
patients with advanced breast carcinoma progressing
on previous tamoxifen treatment.3

To confirm the suitability of anastrozole as a
first-line treatment, two identical randomized trials
compared anastrozole and tamoxifen as first-line
treatment for advanced breast carcinoma in post-
menopausal women. Including 1021 women in total,
these are the largest studies that have been performed
to date in this group of patients to our knowledge. One
trial was conducted in the United States and Canada
(the North American trial)4 and the other in Europe,
Australia, New Zealand, South America, and South

Africa (the Tamoxifen or Arimidex Randomized Group
Efficacy and Tolerability [TARGET] trial).5 Each of the
trials individually identified that anastrozole is at least
as effective as tamoxifen for the first-line treatment of
advanced breast carcinoma in postmenopausal
women in terms of time to disease progression (TTP).
In addition, the results from the North American trial
showed a significant improvement in TTP with anas-
trozole compared with tamoxifen (P 5 0.005), this
being the first observation of a single endocrine agent
to show a significant efficacy benefit over tamoxifen to
our knowledge.

An important observation from these trials was
that the proportion of patients with tumors known to
be estrogen receptor (ER) and/or progesterone recep-
tor (PgR) positive (ER1 and/or PgR1) differed mark-
edly between the North American trial (in which ap-
proximately 90% of patients were known to be ER1
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and/or PgR1) and the TARGET trial (in which approx-
imately 45% of patients were known to be ER1 and/or
PgR1). An assessment of subgroup data based on the
patient demography at baseline did not reveal any
factor other than receptor status that may have ac-
counted for the differences in TTP observed between
the two trials. This finding raises important public
health issues and highlights that, in various regions of
the world, there are marked differences in the ap-
proach to the routine management of breast carci-
noma, which ultimately may affect the outcome of
treatment.

The North American and the TARGET trials were
designed similarly and prospectively intended for
combined analysis. The findings of this combined
analysis are presented here, and the differences be-
tween these trials in terms of the known receptor
status of tumors are reported and discussed.

MATERIALS AND METHODS
Study Design
The two trials were double-blind, randomized, multi-
center studies comparing the efficacy and tolerability
of anastrozole 1 mg once daily with tamoxifen 20 mg
once daily as first-line therapy for advanced breast
carcinoma in postmenopausal women. One trial was
conducted at 97 sites in the United States and Canada
(North American trial), and the other at 83 sites in
Europe, Australia, New Zealand, South America, and
South Africa (TARGET trial).

The primary objectives of both trials were to com-
pare the two drugs with respect to TTP, objective
response (OR) rate, and tolerability in similar patient
types. The secondary objectives were to compare
treatment groups with respect to time to treatment
failure (TTF), response duration, and clinical benefit
duration. All patients were to be observed until objec-
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tive progression and death, irrespective of treatment
received.

The study blinding was broken centrally for the
purposes of this analysis (which was conducted on all
data up to March 10, 1999), but the blinding on indi-
vidual patients at the treatment centers remained in-
tact.

Patient Population
All patients were required to be postmenopausal and
to have a diagnosis of locally advanced or metastatic
breast carcinoma and had to be suitable for endocrine
therapy as first-line treatment for advanced disease.
Postmenopausal women were defined as one of the
following: those aged 50 years or older who had not
menstruated during the preceding 12 months or who
had castrate follicle-stimulating hormone (FSH) levels
(. 40 IU/L), those younger than 50 years of age who
had castrate FSH levels (. 40 IU/L), or those who had
undergone a bilateral oophorectomy. Prior adjuvant
chemotherapy or hormonal therapy for early breast
carcinoma was permissible, provided that at least 12
months had passed since the last administration of
tamoxifen.

Patients with tumors known to be ER and PgR2
were excluded. Other exclusion criteria were previous
systemic therapy for advanced breast carcinoma, ex-
tensive visceral disease, any concurrent medical ill-
ness or laboratory abnormalities that would compro-
mise safety or prevent interpretation of results, or an
estimated survival of less than 3 months from the start
of trial therapy based on clinical judgement. At the
beginning of the study, patients receiving bisphospho-
nates were excluded; because of increasing numbers
of women with advanced breast carcinoma being
treated with bisphosphonates, the protocol was sub-
sequently amended (at which stage 810 patients had
been enrolled; 540 into TARGET and 270 into the
North American trial), and these patients could then
be included. In these patients, bone metastases were
not considered for evaluation.

All patients gave their written informed consent,
and appropriate ethics committee approval was ob-
tained at each site before initiation of the study.

Treatment Program
In each trial, patients were randomized to receive a
daily dose of two tablets (one active and one placebo
tablet). Patients were allocated to treatment on a 1:1
basis using a predetermined randomization scheme
held centrally. The treatment regimen was the combi-
nation of either anastrozole 1 mg once daily and ta-
moxifen placebo or tamoxifen 20 mg once daily and
anastrozole placebo. Patients were instructed to take

the two tablets together at approximately the same
time each day.

Trial treatment continued until objective disease
progression was observed, at which time it was
stopped. Further treatment was left to the discretion
of the investigator, and follow-up continued until
death.

Patients were withdrawn from active treatment
because of breast carcinoma progression, a serious
adverse event, noncompliance with protocol proce-
dures, unwillingness or inability to continue the trial,
or after withdrawal at the investigator’s discretion.
The randomization code for individual patients could
only be broken once the decision had been taken to
withdraw them from trial treatment. All patients who
were withdrawn for reasons other than objective dis-
ease progression were monitored until progression
was observed. After objective disease progression, pa-
tients were contacted every 6 months until death, to
obtain survival information.

Baseline screening assessments were completed
within the 4 weeks before randomization. These as-
sessments included demographic information, com-
plete history, and clinical examination to document
the sites of disease. Laboratory studies included chest
X-ray, liver scan by ultrasound, computed tomogra-
phy scan, or magnetic resonance imaging, bone scan,
and bone survey or X-rays of suspicious areas positive
on the bone scan. History of symptoms related to
disease also was documented. Blood samples were
collected for hematology and blood chemistry. On Day
1 (the date of randomization), eligible patients under-
went a complete physical examination. Each patient’s
disease then was assessed clinically every 4 weeks for
the first 12 weeks (North American trial) or 24 weeks
(TARGET trial) of treatment and then every 12 weeks
(both trials) until objective evidence of disease pro-
gression was obtained. When possible, all assessments
were repeated at the end of trial therapy.

Efficacy Assessments
The primary efficacy measures were TTP and OR rate.
The secondary efficacy measures were TTF, duration
of response, duration of clinical benefit, and survival.

Measurable disease was defined as the presence
of bidimensionally or unidimensionally measurable
lesions as determined by physical examination, ultra-
sound, or radiographic scan. Osteolytic bone lesions
were considered measurable. Single metastatic lesions
smaller than 0.5 cm, malignant pleural effusions or
ascites, positive bone scans, and purely osteoblastic or
intratrabecular bone lesions were not classified as
measurable disease. Lesions not classified as measur-
able constituted evaluable (nonmeasurable) disease.
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All randomized patients were assessed based on
International Union Against Cancer (UICC) criteria for
tumor response 4 weeks after the initial administra-
tion of trial medication, and at all subsequent visits,
up to and including the visit at which disease progres-
sion was observed. Objective responses were classified
as complete response (CR), partial response (PR), sta-
ble disease (SD), or progressive disease (PD) for both
measurable and nonmeasurable disease.6 The best re-
sponse of a patient was the highest classification that
was observed on two consecutive assessments at least
4 weeks apart.

The assessment criteria used were more strict
than the UICC criteria in that patients having only
nonmeasurable disease could not qualify for a PR, and
a best response of SD only was assigned when re-
sponses of SD or better were observed for at least 24
weeks. If such responses had been observed for less
than 24 weeks because a patient did not have mea-
surements for 24 weeks at the time of data cutoff, then
a best response of SD for less than 24 weeks was
recorded. This criterion was based on data showing
that a response of SD for at least 24 weeks is equiva-
lent to CR and PR in terms of overall survival.7–9 Re-
sponders were those patients with a best OR of CR or
PR. Patients with clinical benefit were defined as those
responding (CR 1 PR) plus those with SD for at least
24 weeks.7–9

Time to progression, TTF, duration of response,
and duration of clinical benefit were calculated from
the date of randomization. Time to progression rep-
resented the time to objective disease progression or
death, whichever occurred first. Time to treatment
failure was the time to the earliest occurrence of pro-
gression, death, or withdrawal from randomized trial
treatment. Duration of response, which was recorded
for those with either a CR or a PR, was the time from
randomization to the time of the first observation of
objective progression or death. Duration of clinical
benefit in patients who achieved CR, PR, or SD for 24
weeks or more also was defined as the time from
randomization to the time of the first observation of
objective progression or death. Any patient who had
not progressed at the time of data cutoff was censored
at their last disease assessment for the above end-
points.

Tolerability Assessments
Adverse events were recorded on a treatment-received
basis. An adverse event was defined as any detrimen-
tal change in a patient’s condition after randomization
and during any follow-up period, unless considered by
the investigator to be related to disease progression.
Adverse events that might be expected to occur on the

basis of the pharmacology of anastrozole and tamox-
ifen also were specifically identified (“predefined”
events). The predefined events were depression, tu-
mor flare, thromboembolic events, gastrointestinal
disturbance, hot flushes, vaginal dryness, lethargy,
vaginal bleeding, and weight gain.

In addition to monitoring for adverse events, rou-
tine laboratory tests were performed at baseline, at
selected times during therapy, and at withdrawal or
study end. The results of clinical laboratory tests were
reviewed for clinically relevant changes. Physical ex-
aminations were performed, and body weight, blood
pressure, and pulse rate were recorded at baseline, at
selected times during therapy, and at study end or
withdrawal.

Statistical Analysis
The two trials were designed to compare anastrozole
with tamoxifen, using TTP and OR rate as the two
primary efficacy endpoints, and were designed to
show equivalence in each of these endpoints. Both
trials were similarly designed to allow for a combined
analysis to be performed.

The statistical analyses were performed on an in-
tention-to-treat (ITT) basis, including all patients who
entered the trial according to their randomized treat-
ment. In each trial, a population of 660 patients (330 in
each treatment group) was estimated to be sufficient
to show treatment equivalence with 80% power, based
on a one-sided 5% significance level.

For TTP, the comparison between anastrozole
and tamoxifen was expressed in terms of the hazard
ratio (tamoxifen:anastrozole), which estimates the
chance of progression on tamoxifen in a given time
period in relation to the chance of progression on
anastrozole in the same time period. A hazard ratio of
greater than 1 indicates an advantage for anastrozole.

The estimated hazard ratio for TTP from this com-
bined analysis provides the best estimate of the true
value of the hazard ratio in the overall population of
patients. The lower one-sided 95% confidence limit
indicates the range of true values for the hazard ratio,
which may be considered to be consistent with the
results from these studies. The prespecified criterion
for equivalence would be met if the lower one-sided
95% confidence limit was equal to or greater than 0.80.

For response rate (CR 1 PR), the comparison be-
tween treatments was expressed in terms of the dif-
ference in response rates (anastrozole minus tamox-
ifen). A difference greater than zero would indicate a
higher response rate for anastrozole, whereas a differ-
ence less than zero would indicate a higher response
rate for tamoxifen.

The estimated difference in response rates from
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these studies provides the best estimate of the true
differences in response rates in the overall population
of patients. The lower one-sided 95% confidence limit
indicates the range of true differences, which may be
considered to be consistent with the results from these
studies. The prespecified criterion for equivalence
would be met if the lower one-sided 95% confidence
limit was equal to or greater than 210%.

The Cox regression model was used to assess
treatment equivalence for TTP and TTF. The OR rate
was compared between the treatment groups using
logistic regression. All efficacy analyses were per-
formed on an ITT basis and were adjusted for impor-
tant prognostic factors: age (# 65 years, . 65 years),
previous endocrine therapy (yes or no), extent of dis-
ease at randomization (soft tissue and/or lung disease
only vs. all other disease combinations), and hor-
monal receptor status at diagnosis (ER and/or PgR1
vs. all other combinations). In addition to the prospec-
tively identified statistical analyses, a retrospective
analysis assessed whether anastrozole showed any su-
periority over tamoxifen for clinical benefit (CR, PR, or
SD $ 24 weeks).

Duration of response was measured only for re-
sponding patients from the date of randomization to
the date of first observed progression or death from
any cause. Duration of response and duration of clin-
ical benefit were summarized by randomized trial
treatment using the Kaplan–Meier method.

In addition, the relative efficacy of anastrozole
and tamoxifen has been assessed in the following sub-
groups: receptor status (ER1 and/or PgR1 vs. all oth-
ers), prior hormonal treatment history (no vs. yes),
presence or absence of visceral (all sites), liver, or
bone disease, and age (# 65 years vs. . 65 years).

RESULTS
Patient Characteristics
One thousand twenty-one patients from 97 centers in
North America and 83 centers in Europe, Australia,
New Zealand, South America, and South Africa were
entered onto the study and randomized to 1 of the 2
treatment groups (511 anastrozole 1 mg, 510 tamox-
ifen 20 mg).

In total, 668 patients (340 anastrozole 1 mg; 328
tamoxifen 20 mg) were recruited in the TARGET trial
between February 26, 1996 and July 1, 1998. Between
August 21, 1995 and July 1, 1998, 353 patients (171
anastrozole 1 mg; 182 tamoxifen 20 mg) were recruited
into the North American trial. This lower number of
patients in the North American trial reflects that re-
cruitment was stopped when the TARGET trial
achieved its full prespecified recruitment, which was
before unblinding of either trial. The groups formed

by randomization were well balanced with respect to
demographic and pretreatment characteristics (Table
1). However, there was a major difference between the
two individual trials with respect to the proportion of
patients with confirmed receptor positive tumors.
These data are summarized in Table 2.

At the time of data cutoff for this analysis (March
10, 1999), all patients had completed 8 months follow-
up within the trial. The median duration of follow-up

TABLE 1
Demographic and Pretreatment Characteristics

Characteristic

Anastrozole 1
mg (n 5 511)

Tamoxifen 20
mg (n 5 510)

n % n %

Age (yrs)
Median 67 67
Range 30–91 40–92

Weighta (kg)
Median 68 67
Range 40–121 36–140

Breast carcinoma disease status
(at first diagnosis)

Advanced 215 42.1 229 44.9
Early 294 57.5 280 54.9
Unknown 2.0 0.4 1.0 0.2

Prior adjuvant treatment
Hormonal only 52 10.2 40 7.8
Cytotoxic only 96 18.8 99 19.4
Both 25 4.9 28 5.5
None 336 65.8 342 67.1
Unknown 2 0.4 1 0.2

Sites of metastatic diseaseb

Soft tissue 316 61.8 316 62.0
Skin 235 46.0 233 45.7
Lymph 208 40.7 212 41.6

Bone 268 52.4 256 50.2
Visceral 186 36.4 211 41.4

Lung 150 29.4 168 32.9
Liver 45 8.8 61 12.0
Abdomen 17 3.3 13 2.5

Other 1 0.2 3 0.6
No evaluable disease 4 0.8 2 0.4

Extent of metastatic disease
Soft tissue only 146 28.6 139 27.3
Bone only 101 19.8 86 16.9
Bone and soft tissue only 74 14.5 72 14.1
Visceral disease with no liver
involvement 141 27.6 150 29.4

Visceral disease with liver
involvement 45 8.8 61 12.0

No evaluable disease 4 0.8 2 0.4
Measurable disease 418 81.8 426 83.5
No measurable disease 93 18.2 84 16.5

ER: estrogen receptor; PR: progesterone receptor.
a Recorded for 168 patients in the anastrozole group and 178 patients in the tamoxifen group.
b Patients may be in more than one category.
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was 18.2 months, at which time disease progression
had been observed in 363 (71.0%) patients random-
ized to anastrozole and 385 (75.5%) patients random-
ized to tamoxifen.

Efficacy
Time to progression
The median TTP was approximately 8.5 months for
the anastrozole group and approximately 7.0 months
for the tamoxifen group. Analysis of the TTP data
showed that the difference between groups in TTP was
not statistically significant (P 5 0.103, 2-sided). The
estimated progression hazard ratio for tamoxifen ver-
sus anastrozole was 1.13 (lower 95% confidence limit,
1.00), showing that anastrozole was at least as effective
as tamoxifen. A Kaplan–Meier plot of TTP is presented
in Figure 1.

Effects of prognostic factors on TTP
In patients with ER1 and/or PgR1 tumors (59.8% of
the total study population), treatment with anastro-

zole had a significant benefit in TTP compared with
treatment with tamoxifen (P 5 0.022; Figs. 2 and 3).
The median TTP was approximately 10.7 months for
the anastrozole group and approximately 6.4 months
for the tamoxifen group. When the data were analyzed
according to each of the major prognostic factors (tu-
mor receptor status [ER1 and/or PgR1 vs. all others],
prior hormonal treatment history [no vs. yes], pres-
ence or absence of visceral [all sites], liver [alone], or
bone disease, and age), the overall effect of anastro-
zole relative to tamoxifen was consistent in each of the
subgroups (Fig. 2).

Tumor response
In total, 29.0% of patients in the anastrozole group and
27.1% in the tamoxifen group achieved CR or PR (Ta-
ble 3). The difference in OR rates between the anas-
trozole and tamoxifen groups was 11.1% (lower 95%
confidence limit, 23.5%), showing that anastrozole
was as effective as tamoxifen (analysis adjusted for
baseline prognostic factors [age, hormonal status, ex-
tent, and prior hormonal therapy]).

The clinical benefit rates (CR 1 PR 1 SD $ 24
weeks) were 57.1% for patients randomized to anas-
trozole and 52.0% for those randomized to tamoxifen
(P 5 0.1129, retrospective analysis). The median du-
ration of clinical benefit from the time of randomiza-
tion was 15.9 months (range, 2.1–39.2 months) and
14.6 months (range, 2.5– 41.4 months) for patients ran-
domized to either anastrozole or tamoxifen, respec-
tively. The median duration of response was similar
for both groups: 16.4 months (range, 2.1–39.2 months)
for anastrozole and 17.2 months (range, 2.7–36.9
months) for tamoxifen.

Time to treatment failure
Treatment failure occurred in 402 patients (78.7%)
randomized to anastrozole and 418 patients (82.0%)
randomized to tamoxifen. Disease progression was
the main reason for treatment failure in both treat-
ment groups (61.8% anastrozole and 64.5% tamox-
ifen). The estimated treatment failure hazard ratio for
tamoxifen versus anastrozole was 1.13 (lower 95%
confidence limit, 1.01), again showing that anastrozole
was at least equivalent to tamoxifen in these trials.

Survival
Overall, 265 deaths (26.0% of patients) were reported
up until the data cutoff (March 10, 1999). Evaluation of
potential differences in terms of survival was not per-
formed at this time, because the data were considered
to be immature.

TABLE 2
Hormone Receptor Status of Tumors of Patients in the Individual
Trials and in the Combined Analysis

Receptor status

TARGET trial
(n 5 668)

North
American trial

(n 5 353)

Combined
population
(n 5 1021)

n % n % n %

ER1, PgR1 165 24.7 230 65.2 395 38.7
ER1, PgR2 57 8.5 63 17.8 120 11.8
ER1, PgR unknown 66 9.9 8 2.3 74 7.2
ER2, PgR1 9 1.3 11 3.1 20 2.0
ER2, PgR2 2 0.3 1 0.3 3 0.3
ER unknown, PgR1 1 0.1 1 0.3 2 0.2
Unknown 368 55.1 39 11.0 407 39.9

TARGET: Tamoxifen or Arimidex Randomized Group Efficacy and Tolerability; ER: estrogen receptor;

PgR: progesterone receptor.

FIGURE 1. Kaplan–Meier plot of time to progression in patients receiving

anastrozole 1 mg or tamoxifen 20 mg once daily.
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Tolerability
Anastrozole and tamoxifen were both well tolerated in
most patients. All adverse events were collected irre-
spective of causality. The four most common adverse
events reported in both the anastrozole- and tamox-
ifen-treated groups were hot flushes (reported by
26.5% and 23.1% of patients, respectively), nausea (re-
ported by 18.6% and 20.7% of patients, respectively),
asthenia (reported by 16.4% and 15.9% of patients,
respectively), and pain (reported by 13.8% and 14.3%
of patients, respectively). In total, 51 of 1017 patients
(5.0%) experienced an adverse event leading to with-
drawal. Of these, 24 of 506 patients (4.7%) were in the
anastrozole group and 27 of 511 patients (5.3%) were
in the tamoxifen group. However, in only 23 of the 51
patients were the adverse events considered to be
drug-related (10 of 506 patients [2.0%] in the anastro-

zole group and 13 of 511 patients [2.5%] in the tamox-
ifen group).

Table 4 shows the incidences of predefined ad-
verse events (both irrespective of causality and those
considered to be related to treatment). When consid-
ering all events, irrespective of causality, gastrointes-
tinal disturbances were the most common adverse
events for both treatments, followed by hot flushes.
The incidence of gastrointestinal disturbances and hot
flushes was similar in both groups (gastrointestinal
disturbances and hot flushes: 33.6 and 26.5% in the
anastrozole group and 38.4 and 23.1% in the tamox-
ifen group, respectively). Adverse events related to
thromboembolic effects, however, were reported in
significantly more patients randomized to tamoxifen
(6.5%) compared with those randomized to anastro-

FIGURE 2. Subgroup analyses of time to progression

by various prognostic factors.

FIGURE 3. Kaplan–Meier probability of time to progression in patients

receiving anastrozole 1 mg or tamoxifen 20 mg once daily—subgroup of

patients with ER1 and/or PgR1 tumors.

TABLE 3
Objective Tumor Response Rates at Median Follow-Up of 18 Mos

Response
Anastrozole 1 mg
(n 5 511) (%)

Tamoxifen 20 mg
(n 5 510) (%)

Best objective response
(CR 1 PR) 29.0 27.1

Clinical benefit (CR 1 PR
1 SD $ 24 wks) 57.1 52.0a

CR 4.7 4.1
PR 24.3 22.9
SD $ 24 wks 28.2 24.9
SD , 24 wks 3.1 2.4
Progression 39.7 45.7

CR: complete response; PR: partial response; SD: stable disease.
a P 5 0.1129 (two-sided, retrospective analysis).
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zole (3.6% P 5 0.0434, not adjusted for multiple com-
parisons [see Table 4]). These numbers include venous
thromboembolic, ischemic coronary, and ischemic ce-
rebrovascular events. When considering the severity of
adverse events (irrespective of causality), it is noteworthy
that the number of patients who received tamoxifen who
experienced moderate/severe thromboembolic events
was almost twice that of patients who received anastro-
zole (5.1% vs. 2.6%, respectively). Vaginal bleeding was
found to occur more than twice as frequently in patients
who received tamoxifen (11 patients; 2.2%) compared
with those who received anastrozole (5 patients; 1.0%
[Table 4]). The number of bone fractures were similar in
both groups with 11 (2.2%) in the anastrozole group
compared with 16 (2.9%) fractures in the tamoxifen
group.

When considering treatment-related adverse
events only, similar results were observed, although
for both treatments hot flushes most commonly were
reported followed by gastrointestinal disturbances.

There were 17 deaths during the treatment period
of this study (10 anastrozole; 7 tamoxifen), which were
not considered to be related to breast carcinoma.
Deaths while receiving anastrozole were caused by
shock (2 of 10), suicide (1 of 10), cardiovascular events
(4 of 10), gastrointestinal hemorrhage (1 of 10), dys-
pnea (1 of 10), and pneumonia (1 of 10). Deaths while
receiving tamoxifen were caused by cardiovascular

events (4 of 7), pneumonia (1 of 7), hypoglycemia (1 of
7), and angioedema (1 of 7). No deaths were consid-
ered by the investigator to be causally related to trial
therapy.

DISCUSSION
The objectives of these two large, randomized, inter-
national trials were to compare the efficacy and toler-
ability of anastrozole and tamoxifen as first-line endo-
crine therapy for postmenopausal women with
advanced breast carcinoma. These trials had similar
protocols and were designed for combined analysis.
The combined efficacy data from the two studies show
that anastrozole is at least as effective as tamoxifen in
this patient group.

In terms of TTP, analysis of the combined data
showed that anastrozole was equivalent to tamoxifen,
and this was in accordance with the results of the
larger of the two individual trials, the TARGET trial.5

However, in the North American trial, anastrozole
showed superiority in efficacy compared with tamox-
ifen in terms of TTP (P 5 0.005).4 The major difference
between the two individual trials was the proportion
of patients whose tumors were confirmed as being
ER1 and/or PgR1: these patients represented almost
90% of patients in the North American trial but less
than 50% of those in the TARGET trial. A retrospective
analysis of subgroups of patients defined by tumor

TABLE 4
Incidence of Predefined Adverse Events Reported in Each Treatment Group

Adverse event category

Anastrozole 1 mg (n 5 506) Tamoxifen 20 mg (n 5 511)

P valuea

Irrespective of
causality Treatment-related

Irrespective of
causality Treatment-related

n % n % n % n %

Depression 23 4.5 2 0.4 32 6.3 2 0.4 0.2676
Tumor flare 15 3.0 7 1.4 18 3.5 12 2.3 0.7241
Thromboembolic disease 18 3.6 3 0.6 33 6.5 7 1.4 0.0434

Venous
thromboembolism 5 1.0 2 0.4 15 2.9 6 1.2

Coronary & cerebral
thrombosis 13 2.6 1 0.2 19 3.7 2 0.4

Gastrointestinal disturbance 170 33.6 55 10.9 196 38.4 62 12.1 0.1173
Nausea 94 18.6 42 8.3 106 20.7 50 9.8
Vomiting 38 7.5 4 0.8 36 7.0 8 1.6
Diarrhea 40 7.9 8 1.6 33 6.5 3 0.6

Hot flushes 134 26.5 120 23.7 118 23.1 101 19.8 0.2176
Vaginal dryness 9 1.8 7 1.4 3 0.6 3 0.6 0.0890
Lethargy 6 1.2 3 0.6 15 2.9 6 1.2 0.0754
Vaginal bleedingb 5 1.0 2 0.4 11 2.2 8 1.6 0.2066
Weight gain 11 2.2 8 1.6 8 1.6 6 1.2 0.4975

a P value for incidence of events irrespective of causality—not adjusted for multiple comparisons.
b One and four additional patients in anastrozole and tamoxifen arms, respectively, had metrorrhagia.
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receptor status (those with ER1 and/or PgR1 tumors
compared with those with tumors of unknown recep-
tor status) in the combined study population indi-
cated that anastrozole was significantly more benefi-
cial compared with tamoxifen in terms of extending
the TTP in those patients whose tumors were ER1
and/or PgR1 (median TTP was 10.7 and 6.4 months
for anastrozole and tamoxifen, respectively, 2-sided P
5 0.022). This analysis indicates that, for the overall
combined results, the benefits of anastrozole com-
pared with tamoxifen may have been diluted by the
high proportion (40%) of patients of unknown recep-
tor status in the combined study population.

This finding suggests that receptor status is an
important factor when comparing the efficacy of anas-
trozole with tamoxifen. Reasons for the better antitu-
mor activity observed with anastrozole over tamoxifen
in patients whose tumors are hormone-sensitive are
currently unclear. The drugs have distinct and differ-
ent modes of action, and these data suggest that anas-
trozole, which reduces peripheral and intratumor es-
trogen to very low levels, may induce a more profound
reduction in the proliferative activity of the breast
tumor than tamoxifen, an antiestrogen with partial
agonist properties.10 This hypothesis is currently un-
der further investigation in the Arimidex or Tamox-
ifen, Alone or in Combination (ATAC) trial, which
compares the adjuvant use of tamoxifen with anastro-
zole and the combination of these two endocrine
agents in patients with early breast carcinoma.11

Anastrozole was at least as effective as tamoxifen
in inducing OR. A total of 57.1% of patients in the
anastrozole group and 52.0% of patients in the tamox-
ifen group gained clinical benefit (CR 1 PR 1 SD $ 24
weeks) from treatment (P 5 0.1129, retrospective anal-
ysis). These findings are similar to those of the indi-
vidual studies, although in the North American trial, a
significantly greater number of patients receiving
anastrozole achieved clinical benefit from treatment
compared with those receiving tamoxifen (P
5 0.0098). This again may reflect the impact of recep-
tor status on the endpoints assessed.

When looking at the outcome of subgroups de-
fined by prognostic factors other than hormone recep-
tor status (prior hormonal treatment history, presence
or absence of visceral, liver or bone disease, and age),
although small differences in TTP were sometimes
observed, these were not significant.

The results in terms of the efficacy of tamoxifen
were similar to previously reported studies of this
agent in this patient population,12 therefore confirm-
ing that tamoxifen performed as would be expected.
Any differences in favor of anastrozole therefore may
be considered to be treatment benefits, especially be-

cause this was a randomized study in a large patient
population.

In general both treatments were well tolerated.
The main difference with anastrozole therapy com-
pared with tamoxifen in terms of adverse events was
the lower incidence of thromboembolic events and
vaginal bleeding observed in patients randomized to
anastrozole. Less than half as many patients reported
vaginal bleeding after being randomized to anastro-
zole, providing indirect evidence of a lack of stimula-
tory effect of anastrozole on the endometrium.13 Vag-
inal bleeding is psychologically distressing for the
patient and necessitates further invasive investigation.
The impact of these effects on quality of life is cur-
rently under further investigation in a substudy of the
ATAC trial. A two- to fivefold increase in the risk of
developing endometrial carcinoma has been docu-
mented in association with long-term tamoxifen use.14

An increased incidence of thromboembolic events
compared with placebo has been reported with ta-
moxifen when given for a period of 5 years.15 Previ-
ously published studies investigating the use of ta-
moxifen compared with other treatment options have
reported similar findings.16 In this combined analysis,
a lower incidence of thromboembolic events was ob-
served in patients who received anastrozole compared
with those who received tamoxifen (3.6% compared
with 6.5%, respectively). The clinical relevance of
these differences in thromboembolic and vaginal
bleeding events are being evaluated further in the
much larger ATAC trial, which has recruited over 9300
postmenopausal women with early breast carcino-
ma.12 Reassuringly, the data observed for bone frac-
tures in these trials highlight that potent estrogen
suppression to the levels observed with anastrozole
did not lead to an excess of bone fractures. This is an
important observation because there have been theo-
retic concerns that potent estrogen suppression may
have deleterious effects on bone metabolism. Al-
though the effects on bone may be less important in
the metastatic setting, it will be of great importance in
the adjuvant setting in which the new aromatase in-
hibitors, such as anastrozole, are being given for up to
5 years duration. This aspect is being investigated
further in the ATAC trial.

Although it is now routine clinical practice to ex-
clude patients whose tumors are known to be ER2
from treatment with endocrine therapy, as indicated
from the TARGET trial, many patients are assigned to
endocrine treatment in the absence of receptor data.
This may have been acceptable for tamoxifen in the
mid-1990s when it was considered that tamoxifen was
effective in both ER1 and ER2 tumors.17 However,
data for other endocrine agents in relation to clinical
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outcome in ER2/poor tumors are not available. In the
North American trial, 90% of patients were known to
be hormone receptor positive, and in this population,
anastrozole offered significant benefits compared with
tamoxifen, and we therefore believe that the results of
these studies support the recommendation that all
breast carcinoma patients be evaluated for tumor hor-
mone receptor status. As we begin the new millen-
nium, in which cost-effective, high-quality assays for
hormone receptor status are widely available, it is
surprising to see so many patients assigned to breast
carcinoma treatments in the absence of confirmation
of receptor status. As far as we are aware, these trials of
anastrozole versus tamoxifen are the first to highlight
the marked differences in treatment practice that oc-
cur throughout the world.

In addition, as a general comment, caution should
be exerted for future randomized trials comparing
endocrine therapies with respect to selection of pa-
tient population. In a recent systematic review18 ana-
lyzing 35 randomized trials comparing tamoxifen with
other endocrine agents, only 64% of patients were
reported to have known hormonal receptors, of which
78% were ER1. This finding combined with the very
low sample sizes of these studies (5160 patients for 35
studies) has definitively limited the capability of these
trials to entertain reasonable scientific hypothesis
when comparing, in the past, tamoxifen with other
endocrine agents. This observation should be put in
light with the classic concept of hormonal manage-
ment of metastatic patients, in which all hormonal
manipulations were considered equal in terms of ef-
ficacy, whereas toxicity profile was guiding the se-
quential choice of endocrine therapy. Small sample
sizes and diluted scientific hypothesis due to poorly
targeted trial populations may have been an impor-
tant factor in the generation of this concept. The wide-
spread capability of determining the hormonal recep-
tor status and its well accepted predictive value should
now allow for the identification of patient populations
known to be sensitive to hormone manipulation and
thus create the optimal conditions for assessing new
endocrine agents, without taking the risk to under or
overestimate their impact on breast carcinoma pa-
tients.

An important aspect in the treatment of post-
menopausal women with advanced breast carcinoma
is to optimally use in sequence the various classes of
endocrine agents to prolong survival and to achieve
maximal palliation. Until now, tamoxifen has been
considered the first choice endocrine agent for ad-
vanced disease in postmenopausal women, with anas-
trozole and other new-generation aromatase inhibi-
tors being used in patients progressing on tamoxifen.

With the observation of the significant efficacy advan-
tage for anastrozole over tamoxifen, thus indicating
that anastrozole should now be considered for first-
line use, a common question that arises is whether
tamoxifen is effective in patients progressing on anas-
trozole treatment. This crossover was not addressed in
a formal way in the trials described in this article;
however, using a questionnaire targeted at all patients
crossing from anastrozole to tamoxifen and vice versa,
retrospective data were collected from both trials. Pre-
liminary data from 89 patients who received tamox-
ifen after progression on anastrozole showed 53 pa-
tients to have a clinical benefit (CR 1 PR 1 SD $ 24
weeks), suggesting that tamoxifen is an effective sec-
ond-line therapy for patients who progress on anas-
trozole.19

In conclusion, in the combined analyses of these
two large multicenter studies, involving 1021 patients,
anastrozole was at least as effective as tamoxifen for
the first-line treatment of advanced breast carcinoma
in postmenopausal women whose tumors were either
receptor positive or of unknown receptor status. In
patients whose tumors were ER and/or PgR1, anas-
trozole therapy provided a significant efficacy benefit
over tamoxifen, the current treatment of choice in this
patient group. Both treatments were well tolerated,
with a low number of withdrawals due to adverse
events. However, significantly fewer incidences of
thromboembolic events and fewer vaginal bleeding
events were reported in patients treated with anastro-
zole. These data confirm that anastrozole has a favor-
able efficacy–toxicity ratio and should now be consid-
ered as the new standard first-line therapy for
postmenopausal women with receptor-positive or re-
ceptor-unknown advanced breast carcinoma.
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