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Pharmacokinetics of anastrozole and tamoxifen alone,
and in combination, during adjuvant endocrine therapy
for early breast cancer in postmenopausal women: a
sub-protocol of the ‘Arimidex™ and Tamoxifen Alone or
in Combination’ (ATAC) trial 

The ATAC Trialists’ Group 1

CRC and UCL Cancer Trials Centre, University College London, Stephenson House, 158-160 N Gower Street, London NW1 2ND, UK

Summary The ATAC trial evaluates in a randomized, double-blind design, Arimidex™ (anastrozole) alone or in combination with tamoxifen,
relative to tamoxifen alone as 5-year adjuvant treatment in postmenopausal women with early breast cancer. Patients included in the
pharmacokinetic (PK) sub-protocol had been in ATAC for ≥ 3 months, taking their medication in the morning and were 100% compliant for
the preceding 14 days. Blood samples were collected 24 ± 4 h after last dose. Trough (Cmin) plasma concentrations of anastrozole,
tamoxifen and desmethyltamoxifen (DMT) were measured by validated methods. The PK results were based on a total of 347 patients (131
anastrozole (1 mg o.d.), 111 tamoxifen (20 mg o.d.), 105 anastrozole and tamoxifen (1 and 20 mg o.d. respectively)). The geometric mean
steady-state trough plasma concentrations of tamoxifen and DMT were statistically equivalent in patients receiving tamoxifen alone or in
combination with anastrozole: geometric mean tamoxifen = 94.8 ng ml–1 and 95.3 ng ml–1 in tamoxifen alone and combination groups,
respectively; geometric mean DMT = 265.1 and 277.6 ng ml–1 in the tamoxifen and anastrozole and tamoxifen groups, respectively. The
geometric mean anastrozole levels were 27% lower (90% Cl 20–33%; P < 0.001) in the presence of tamoxifen than with anastrozole alone.
Baseline plasma oestradiol levels were not obtained in the PK sub-protocol, however, such information was available from a similar ATAC
sub-protocol, which evaluated bone mineral density. Mean oestradiol levels were 21.3, 19.3, and 21.6 pmol l–1 prior to treatment and 3.7, 20.9
and 3.6 pmol l–1 after 3 months in the anastrozole, tamoxifen, and combination groups, respectively (n = 167). On-treatment values were
below the detection limit (3 pmol l–1) in 43.6 and 38.5% of the anastrozole alone and anastrozole in combination with tamoxifen groups,
respectively. As a result of (a) the lack of effect of anastrozole on tamoxifen and DMT levels and (b) the observed fall in blood anastrozole
levels having no significant effect on oestradiol suppression by anastrozole, we conclude that the observed reduction in anastrozole levels by
tamoxifen is unlikely to be of clinical significance when anastrozole and tamoxifen are administered together. © 2001 Cancer Research
Campaign http://www.bjcancer.com 
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The link between oestrogen and the growth and developmen
some breast cancers has long been recognized (Beatson, 
Boyd, 1900), and there is substantial evidence that circula
oestrogens promote the proliferation of breast cancer (Jor
1976; Knazek et al, 1977). Many current therapies for bre
cancer involve hormonal manipulation, with oestrogen-depri
tion of the tumour being an established method of treatment. D
therapy can achieve this goal either by antagonizing the effec
circulating oestrogens on receptors at the tumour site using 
oestrogens, or by reducing the level of oestrogen within the b
using drugs such as aromatase inhibitors (Howell and Dow
1997). 

Tamoxifen is currently the endocrine drug of choice f
the treatment of early breast cancer in patients with oestro
receptor-positive disease. The effects of tamoxifen in bre
cancer appear to be primarily related to its anti-oestroge
ve 
at a
e
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activity/oestrogen-receptor (ER) antagonist activity, although ot
mechanisms of action may also be important (Jaiyesimi et al, 19

Aromatase inhibitors are a class of compounds that act syste
cally to inhibit oestrogen synthesis in tissues, by inhibiting t
enzyme aromatase, which catalyses the conversion of andro
(androstenedione and testosterone) to oestrogens (oestrone
oestradiol). In postmenopausal women, oestrogens are mo
derived from adrenal androgens being converted by aromatas
peripheral tissues (Grodin et al, 1973; Brodie and Njar, 199
Aromatase is also present in many breast carcinomas where it 
provide an important source of oestrogenic stimulation (Miller a
O’Neill, 1987). 

Anastrozole (Arimidex) is a third-generation non-steroid
aromatase inhibitor, which is both potent and selective for 
enzyme. It is given orally, is well tolerated, and provides alm
complete oestrogen suppression both systemically and intr
mourally (Geisler et al, 1996, 1999). Anastrozole is effecti
in treating advanced breast cancer (Buzdar et al, 1996) and 
dose of 1 mg once-daily, it significantly increases survival tim
317

1Contributors to the trial are listed in Appendices I, II, and III in the
Acknowledgements section. 
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318 The ATAC Trialists’ Group 
compared with megestrol acetate (median follow-up 31 mon
(Buzdar et al, 1998). Recently, it was shown to be at least as e
tive as tamoxifen (20 mg o.d.) for first-line treatment of po
menopausal advanced breast cancer (Bonneterre et al, 2
Nabholtz et al, 2000). One of these studies was conducted in N
America and the other in Europe, Australia, New Zealand, So
Africa and South America. In patients with tumours known to 
ER-positive and/or progesterone receptor (PgR)-positive, ana
zole significantly prolonged time to disease progression compa
with tamoxifen (median values of 10.7 and 6.4 months for anas
zole and tamoxifen, respectively, P = 0.022) (Nabholtz et al, 2000)

From the different and potentially complementary modes
action of tamoxifen and anastrozole, it is possible that using b
agents in combination may provide a more effective method
treating breast cancer in postmenopausal women. A study refe
to as the ‘Arimidex and Tamoxifen Alone, or in Combinatio
(ATAC)’ trial is currently underway to investigate this hypothes
The trial, which has recruited over 9300 patients, is designe
compare the efficacy and safety of anastrozole and the combin
of anastrozole plus tamoxifen with that of tamoxifen alone, as a
vant treatment for postmenopausal women with early breast ca
who have completed their primary therapy (surgery with or with
radiotherapy and/or chemotherapy) (Houghton and Baum, 199

Before initiating this large clinical trial programme it wa
noted that the prototype aromatase inhibitor, aminoglutethim
reduced blood levels of tamoxifen by more than 50% when gi
in combination (Lien et al, 1990). Hence a pilot study w
conducted to determine whether or not anastrozole had any e
on tamoxifen blood levels, and thus, potentially any impact on
clinical efficacy of tamoxifen (Dowsett et al, 1999a). That stu
showed that anastrozole did not affect the pharmacokinetic
tamoxifen when the 2 drugs were given in combination to po
menopausal women with early breast cancer. Additionally, an
trozole remained an effective suppressant of oestradiol when g
in combination with tamoxifen (Dowsett et al, 1999a). Howev
no assessment was made of the major active metabolite of ta
ifen, desmethyltamoxifen, which has a similar pharmacologi
profile to tamoxifen but with concentrations approximately 50
higher than the parent drug. In addition, the effect of tamoxifen
the pharmacokinetics of anastrozole could not be directly asse
with the design of that study. However, preclinical data in r
suggest that there is no synergism between anastrozole and ta
ifen (Brodie et al, 1999, the half-life of anastrozole in the rat
very different compared with a patient (8 hours in the rat and
hours in a patient); Dukes, 1997). Therefore, it cannot be assu
that the lack of synergistic activity of these agents in a rat can
extrapolated to the clinical situation. 

We now report data from an assessment of the pharmacokin
of both anastrozole and tamoxifen when given alone or in comb
tion as adjuvant endocrine therapy for early breast cancer as d
mined in a sub-protocol of the ATAC trial. Following the initia
pharmacokinetic assessments, further data were taken from a 
rate ATAC protocol in order to evaluate oestradiol suppression.

PATIENTS AND METHODS 

Study design 

This was a sub-protocol of the ATAC trial, which is a randomiz
double-blind, multicentre study. The sub-protocol was desig
to compare the pharmacokinetics of the combination 
British Journal of Cancer (2001) 85(3), 317–324
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anastrozole plus tamoxifen with those of anastrozole alone
tamoxifen alone when used as adjuvant treatment for early br
cancer in postmenopausal women (Houghton and Baum, 199

The study was designed and monitored to comply with 
ethical principles of Good Clinical Practice (GCP) in accordan
with the Declaration of Helsinki. All patients included in the stu
had given their informed consent. 

The primary assessments were the steady-state trough pl
concentrations of tamoxifen, desmethyltamoxifen, and anas
zole, measured at 24 ± 4 hours after the previous dose of treatm

There was no intent to measure baseline or on-treatment oe
diol levels in the PK sub-protocol, but measuring the effects
anastrozole with or without tamoxifen on oestradiol leve
became desirable after the pharmacokinetic data became a
able. Thus, this information was sought from a separate AT
sub-protocol, which looked at bone mineral density in a tota
167 patients. This cohort was chosen since this sub-prot
required blood samples to be taken from patients at baseline a
months following treatment, allowing the impact of drugs on t
proportional suppression of oestradiol to be established 
compared between the treatments. 

Patient population 

All patients were initially recruited into the ATAC trial and wer
required to be postmenopausal, have a diagnosis of early b
cancer, have completed all primary treatment and chemothe
(if given), and be suitable to receive adjuvant endocrine therap

The inclusion criteria for the patients recruited to both the bo
mineral density and pharmacokinetic studies were the same. T
eligible for this pharmacokinetics subprotocol, all patients had
have been participating in the ATAC trial for at least 3 mont
have taken their medication in the morning and have been f
compliant over the preceding 14 days before the study assessm
were performed. Each trial investigator or pharmacist was resp
sible for the maintenance of drug accountability records, wh
consisted of documentation of receipt, dispensing, and the re
of trial medication. Drug dispensing was documented by attach
the tear-off portion of the drug label to each patient record (or c
report form in North America) and this was initialled and dated
the investigator. At the end of the trial, patients were asked
return all unused drugs and a note of the number of retur
tablets was entered on to the patient record or case re
form. The completed forms were then signed off and dated by
investigator. 

Exclusion criteria for the pharmacokinetic sub-protocol we
concurrent treatment with diazepam, oral administration of ke
conazole or related antifungal compounds, or drugs that m
affect steroid hormone status and/or tamoxifen steady-state le
(cytotoxic chemotherapy or other hormonal treatments for bre
cancer). Exclusion criteria for the bone mineral density proto
above that of the main sub-protocol were patients who ha
received hormone replacement therapy or bisphosphate the
within the previous 12 months prior to recruitment; had a bo
fracture in the previous 6 months prior to recruitment; chro
renal/liver impairments; malabsorption syndrome; endocr
disorders including hyperthyroidism, untreated thyroid disea
Cushing’s syndrome or pituitary disease; or patients taking co
costeroids or anti-convulsants. Demographic data from this 
other sub-protocols, as well as from the ATAC trial as a who
will be published in the future. 
© 2001 Cancer Research Campaign
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PK of arimidex and tamoxifen alone or in combination 319
Treatment programme 

Patients enrolled in the ATAC trial were randomized on a 1:
basis into 1 of 3 treatment schedules (active anastrozole 1 mg
and tamoxifen placebo o.d., active tamoxifen 20 mg o.d. 
anastrozole placebo o.d., or active anastrozole 1 mg o.d. 
active tamoxifen 20 mg o.d.). Patients at 24 centres from 6 co
tries that agreed to participate in the sub-protocol were scree
for additional eligibility criteria for entry 3 months after the
randomization into the ATAC trial. In order that the blinding 
the ATAC trial would not be compromised, patients were issu
with a unique identifying number specific to this sub-protoc
which could not be linked to the patient identifier in the ATA
trial. 

Assessments 

In the pharmacokinetic sub-protocol, patients were required
give only one 15 ml blood sample, after steady-state levels 
been achieved (3 months after treatment randomization). 
elimination half-lives of tamoxifen, desmethyltamoxifen, an
anastrozole are 4–7 days (Adam, 1981a, 1981b); 6.7–12 
(Adam, 1981a, 1981b; Mould et al, 1986a, 1986b; De-vos e
1989), and 40–50 hours (Yates et al, 1996), respectiv
Therefore, by taking the samples 3 months after treatment rand
ization ensured that steady-state would be reached by this tim
this sample, trough (Cmin) plasma concentrations of anastrozo
tamoxifen, and desmethyltamoxifen were measured. For 
purposes of this study, trough levels were defined as the pla
concentration of drug 24 hours after the previous dose. Howe
for practical reasons blood samples withdrawn between 20 an
hours (24 ± 4 hours) after the last dose were acceptable. Bec
trough levels were required, it was important that no medica
was taken on the day of assessment until after the blood sa
was withdrawn. If a patient had taken medication within t
previous 24 ± 4 hours, she was asked to give her blood samp
another visit. 

Plasma levels of tamoxifen and desmethyltamoxifen w
analysed according to the high-performance liquid chromat
raphy (HPLC) method described by Johnston et al (1993). Ove
recovery varied from 79% to 93% and was corrected for by 
internal recovery control. The intra-assay coefficient of variat
was 2.2% at a mean level of 135 ng ml–1. The sensitivity limit for
the detection of tamoxifen was 0.5 ng ml–1 and for desmethyl-
tamoxifen was 0.275 ng ml–1. Plasma levels of anastrozole we
determined using a validated method involving solvent extract
capillary gas chromatography, and separation with elect
capture detection (ECD) (Bock et al, 1997). The sensitivity lim
for the detection of anastrozole was 3.0 ng ml–1. 

Oestradiol levels were assessed from a blood sample take
baseline and at 3 months following treatment; the analyt
method for this had a sensitivity limit of 3 pmol l–1 and has been
previously described (Dowsett et al, 1987). 

Statistical analysis 

The primary assessments of the sub-protocol were the steady
plasma concentrations of anastrozole (Bock et al, 1997), tamox
and desmethyltamoxifen. For the steady-state Cmin plasma levels of
tamoxifen and desmethyltamoxifen, comparisons were m
between samples from patients treated with either tamoxifen a
© 2001 Cancer Research Campaign
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or with anastrozole plus tamoxifen. For the steady-state Cmin

plasma levels of anastrozole, comparisons were made betw
samples from patients treated with either anastrozole alone
anastrozole in combination with tamoxifen. 

To demonstrate equivalence between 2 treatment group
terms of plasma levels, the 90% confidence interval for the ratio
the geometric means (combination/monotherapy) was require
lie within the interval > 0.8 to 1.25. A population of 110 patien
per treatment arm was required to demonstrate equivalence o
plasma levels of tamoxifen, desmethyltamoxifen, and anastroz
with a minimum 90% power. 

All comparisons were analysed using analysis of variance. 
plasma levels were log (base e) transformed prior to analy
The results were back transformed and presented in terms o
geometric means. The treatment effect was the ratio 
the geometric mean of the combination group divided by 
geometric mean of the associated monotherapy group. The ap
priate equivalence test criteria was the 90% confidence interva
the ratio of geometric mean values. Equivalence was conclude
the 90% confidence interval lay entirely within the (0.8, 1.2
interval. 

For oestradiol levels, the comparison between the anastro
and combination treatment groups was assessed using analys
variance. The percentage reduction in oestradiol levels was de
mined with the baseline fitted as a covariate. Oestradiol lev
were log (base e) transformed prior to analysis. The results w
back transformed and presented in terms of the adjusted (for b
line oestradiol) geometric least square means (GLS Means), re
senting the oestradiol level at 3 months as a proportion of the le
at baseline. The 90% confidence interval of the ratio of G
Means was calculated along with estimated percentage reduc
in oestradiol in each treatment group. 

RESULTS 

Patient characteristics 

A total of 357 patients (138 anastrozole 1 mg o.d., 113 tamoxi
1 mg o.d., and 106 anastrozole co-administered with tamoxif
were recruited into this sub-protocol from 24 international centr
The groups were well balanced with respect to demographic c
acteristics (Table 1). 10 patients were excluded from the phar
cokinetic analyses because the results of laboratory tests did
correspond with those that would be anticipated from th
recorded treatment allocation, highlighting uncertainties in t
actual treatment received. In 2 patients recorded as receiving a
trozole alone, tamoxifen was identified at a concentration in 
range of those seen clinically; one patient recorded as recei
anastrozole alone had undetectable anastrozole levels; 5 pat
recorded as receiving anastrozole alone also had trace leve
tamoxifen; and in 2 patients recorded as receiving tamoxifen al
there were detectable low levels of anastrozole. The demogra
characteristics of the patients enrolled in the bone sub-proto
whose blood samples were analysed for plasma oestradiol le
were comparable to those of the patients in the pharmacokin
sub-protocol of the ATAC trial. Because the study looking at bo
mineral density is ongoing, we were unable to break the drug c
and carry out statistical tests. However, the demographics of
bone density sub-protocol were comparable with the patients fr
the main ATAC trial. 
British Journal of Cancer (2001) 85(3), 317–324
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320 The ATAC Trialists’ Group 

Table 1 Patient characteristics 

Demographic Anastrozole Tamoxifen Anastrozole Bone sub
characteristics (1 mg o.d.) (20 mg o.d.) + tamoxifen protocol

Number of patients 138 113 106 302 

Age (years) 
n 138 111 105 301 
Median 65 63 62 65 
Minimum 42 43 40 42 
Maximum 87 88 84 86 

BMI 
n 130 107 105 288 
Median 26.7 26.3 26.9 28 
Minimum 22.7 23.5 20.3 17.6 
Maximum 54.9 36.2 32.1 52.3 

Origin (number of patients) 
Caucasian 132 (95.7%) 104 (92.0%) 102 (96.2%) 272 (90.1%) 
Black/Afro-Caribbean 2 ( 1.4%) 1 (0.9%) 1 (0.9%) 4 (1.3%) 
Hispanic 1 ( 0.7%) 1 (0.9%) 0 2 (0.6%) 
Asian 1 ( 0.7%) 0 0 0 
Mixed 2 ( 1.4%) 4 (3.5%) 1 (0.9%) 17 (6.2%) 
Other 0 0 1 (0.9%) 2 (0.6%) 
Not recorded 0 3 (2.7%) 1 (0.9%) 5 (1.8%) 
Plasma concentrations of tamoxifen and
desmethyltamoxifen 

There was very little difference between the mean steady-state tro
plasma concentrations of tamoxifen and desmethyltamoxifen 
patients receiving tamoxifen when compared with those of patie
receiving anastrozole in combination with tamoxifen (Table 2). T
mean level of tamoxifen in both groups was approximately 1
ng ml–1 and levels of desmethyltamoxifen were almost 3-fold tho
of tamoxifen. Fewer values of desmethyltamoxifen were availab
since a batch of analyses failed quality control criteria and insu
cient sample was available for repeat analysis. The ratio of 
geometric mean values ((anastrozole and tamoxifen group)/tam
ifen group) was 1.01 for tamoxifen (90% confidence interval fro
British Journal of Cancer (2001) 85(3), 317–324

Table 2 Steady-state trough plasma concentrations (Cmin) of ta

Tamoxifen 
(20 mg o.d.)

(n = 111)

Tamoxifen
n 104
Arithmetic mean ± SD (ng/ml) 103.8 ± 40.9
Geometric mean 94.8

Ratio of geometric mean 
(anastrozole+tamoxifen)/tamoxifen
90% Cl (lower-upper) (0

Desmethyltamoxifen 
n 76
Arithmetic mean ± SD (ng/ml) 286.6 ± 107.8
Geometric mean 265.1

Ratio of geometric mean 
(anastrozole+tamoxifen)/tamoxifen
90% Cl (lower-upper) (0

Anastrozole 
n –
Arithmetic mean ± SD (ng/ml) –
Geometric mean –

Ratio of geometric mean 
(anastrozole+tamoxifen)/anastrozole
90% Cl (lower-upper)
gh
in
ts
e
0
e
le
fi-
he
x-

0.91 to 1.11), and 1.05 for desmethyltamoxifen (90% confide
interval from 0.94 to 1.16). This indicates that the tamoxifen a
desmethyltamoxifen blood levels measured in patients recei
tamoxifen alone were equivalent to those in patients receiv
tamoxifen in combination with anastrozole. 

Plasma concentrations of anastrozole 

The mean steady-state trough plasma concentration of anastr
in patients receiving anastrozole monotherapy was 37.4 ± 1
ng ml–1. In patients co-administered with tamoxifen and anast
zole, the mean steady-state trough plasma concentration of a
trozole was found to be 27.7 ± 11.3 ng ml–1 (Table 2). 
© 2001 Cancer Research Campaign

moxifen, desmethyltamoxifen and anastrozole 

Anastrozole (1 mg o.d.) Anastrozole  
and tamoxifen (20 mg o.d.) (1 mg o.d.)

(n = 105) (n = 131) 

99 – 
103.8 ± 45.6 – 

95.3 – 

1.01 
.91–1.11) 

76 – 
293.8 ± 98.9 – 

277.6 – 

1.05 
.94–1.16) 

104 130 
27.7 ± 11.3 37.4 ± 15.2 

25.5 34.7 

0.73 
(0.67–0.80) 
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PK of arimidex and tamoxifen alone or in combination 321
The ratio of the geometric mean values ((anastrozole 
tamoxifen group)/anastrozole group) for anastrozole was 0
(90% confidence interval from 0.67 to 0.80). This indicates t
the mean anastrozole levels were a mean 27% lower (P < 0.001) in
the presence of tamoxifen than with anastrozole alone, and th
fore equivalence could not be concluded. 

Plasma concentrations of oestradiol 

Of the 167 patients whose plasma oestradiol concentrations 
measured before and after 3 months’ treatment, 55 patients we
anastrozole, 62 were on tamoxifen and 50 were on anastrozole
tamoxifen. Geometric mean levels were 21.3, 19.3 and 21.6 pmo–1,
respectively before treatment and 3.7, 20.9 and 3.6 pmol l–1, respec-
tively after 3 months’ treatment (Figure 1). The GLS Means for 
ratio of 3-month values to baseline values were 0.174 for ana
zole alone and 0.169 for anastrozole plus tamoxifen, indica
that percentage suppression was 82.6 and 83.1%, respectively
ratio of the GLS Means ((anastrozole + tamoxifen)/anastroz
was 0.97 and the 90% confidence interval was 0.86 to 1.10. 
percentage of oestradiol concentrations below the assay dete
limit was 43.6 for anastrozole alone and 38.5 for the combinat
Thus, the effect of anastrozole on oestradiol suppression was
similar whether administered alone or in combination with ta
oxifen; none of the small differences in the data approac
statistical significance. 

The pretreatment oestradiol levels showed a highly signific
(P = 0.0001) positive correlation with weight and body mass ind
but no relationship with height or smoking status. There wa
positive correlation with age, and this approached statist
significance (P = 0.06). 

DISCUSSION 

The aim of the ongoing ATAC study is to compare the effica
and safety of anastrozole alone with those of tamoxifen alon
the combination of anastrozole with tamoxifen, as adjuv
treatment for postmenopausal women with early breast can
who have completed their primary therapy (surgery with 
without radiotherapy and/or chemotherapy). As part of 
larger ATAC programme, a number of sub-protocols have b
undertaken, of which the pharmacokinetic sub-protocol 
reported here. 
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Figure 1 Plasma concentrations of oestradiol measured before and after 
3 months’ treatment with anastrozole (1 mg o.d.), tamoxifen (20 mg o.d.), or
anastrozole and tamoxifen in combination (1 mg o.d. and 20 mg o.d.
respectively). Limit of detection for oestradiol, 3 pmol l–1
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Given the different modes of action of anastrozole and tam
ifen (Howell and Dowsett, 1997), there is a rationale f
combining these 2 drugs due to the potential for synergy a
increased efficacy. It was, therefore, necessary to determ
whether or not the pharmacokinetics of the 2 drugs were affec
when given in combination. It was considered particularly impo
tant to determine whether or not there was any effect on tamox
levels since tamoxifen is widely accepted to be the endocrine d
of choice for the treatment of early breast cancer in patients w
oestrogen receptor-positive disease (Early Breast Cancer Trial
Collaborative Group, 1992, 1998). The relevance of looking 
possible interactions between anastrozole and tamoxifen 
emphasized by the finding that the non-specific aromat
inhibitor, aminoglutethimide, had an interaction with tamoxife
resulting in a greater than 50% reduction in plasma tamoxi
levels (Lien et al, 1990). It was suggested that this reduction m
have affected the clinical efficacy of tamoxifen when the 2 dru
were combined. This interaction was attributed to an action
aminoglutethimide whereby it induces the metabolism of tamo
ifen. In contrast to the effects of aminoglutethimide on tamoxife
however, anastrozole was previously found not to interact with 
metabolism of tamoxifen in a study designed specifically 
address that possibility (Dowsett et al, 1999a). 

The findings of the present study were consistent with 
results of this earlier pilot study (Dowsett et al, 1999a), show
that steady-state trough plasma tamoxifen concentrations w
similar in patients treated with tamoxifen monotherapy or 
combination with anastrozole. Mean tamoxifen levels were sim
to those reported in that earlier study. Additionally, in the pres
study, the plasma levels of the biologically active metaboli
desmethyltamoxifen, were unaffected by the presence of anas
zole, indicating that no substantial effect on the major metabo
pathway of tamoxifen was induced by anastrozole. 

This sub-protocol also set out to determine whether or 
tamoxifen had any effect upon anastrozole blood levels, and, s
the effectiveness of anastrozole as a treatment for breast ca
(Buzdar et al, 1998; Nabholtz et al, 2000) is related to its effecti
ness as an oestrogen suppressant (Geisler et al, 1996), to com
the oestradiol suppression achieved by anastrozole alone wit
effect in combination with tamoxifen. Co-administration of ana
trozole with tamoxifen resulted in a mean 27% decrease in stea
state trough plasma anastrozole levels compared with th
observed in patients administered anastrozole alone. 

The finding of lower blood anastrozole levels when combin
with tamoxifen administration is not unique to anastrozole; simi
findings have been reported previously for the non-steroi
aromatase inhibitor, letrozole. In a study of 12 postmenopau
women with advanced breast cancer, the pharmacokinetics
combined treatment with tamoxifen (20 mg day–1) and letrozole
(2.5 mg day–1) were examined. Plasma levels of letrozole we
reduced by a mean 37.6% (90%Cl: 31.6–43.2%) during comb
tion therapy (P < 0.0001) (Dowsett et al, 1999b). The mechanis
was postulated to be a consequence of an induction of letroz
metabolizing enzymes by tamoxifen, which would result in mo
rapid metabolism of letrozole and hence a reduction in plas
levels. However, this potential mechanism was not addresse
the study, nor has it been assessed in subsequent studies.
possible that a similar mechanism may be responsible for 
reduced plasma levels of anastrozole observed in this s
protocol, although again this has not been investigated, 
remains to be elucidated. 
British Journal of Cancer (2001) 85(3), 317–324
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322 The ATAC Trialists’ Group 
There are data available that suggest that the observed m
27% reduction in anastrozole levels would not have significan
affected the degree of oestradiol suppression, and hence the 
ical efficacy of anastrozole. In the pilot combination stud
(Dowsett et al, 1999a), suppression of serum oestradiol in pati
who received anastrozole in combination with tamoxifen was
the limit of detection of the assay used (3 pmol l–1). In an earlier
study, administration of both 0.5 and 1 mg anastrozole once-d
achieved a greater than 80% reduction in the mean oestra
levels (Yates et al, 1996). The present sub-protocol was desig
to assess subjects who had already received treatment for 3 mo
prior to entry, such that pretreatment blood samples were not a
able to assess the relative suppression of oestrogen levels in
same patients in whom pharmacokinetic data were available. 

Thus the opportunity was also taken to compare oestro
levels in a further set of samples obtained from a separate 
protocol of ATAC (to assess the effect of the treatment on bo
metabolism) in which pretreatment and on-treatment sample
steady state were available. The demographic measures 
comparable for both groups of patients. The inclusion criteria 
the bone sub-protocol were the same as for this pharmacokin
study, and although there were some exclusion criteria above th
of the main ATAC sub-protocol, it is likely that the oestradio
suppressing effects we report for the patients assessed for 
metabolism are the same as would be seen in the patients ass
for the pharmacokinetics of anastrozole and tamoxifen. The d
revealed a very similar degree of suppression of oestradiol le
with anastrozole alone and in combination with tamoxife
confirming expectations of no perceptible reduction in the ph
macological effectiveness of the lower anastrozole levels. 

Tamoxifen alone had no significant effect on oestradiol leve
This is consistent with previous studies (Dowsett et al, 1999a),
was important to confirm in the present study since a pharma
logical effect of tamoxifen on plasma oestradiol could ha
confounded the study of whether the lower plasma levels of an
trozole affected its effects on oestrogen suppression. The pos
correlation of the pretreatment values of oestradiol with weig
BMI and (marginally) with age are also consistent with expec
tions since there are well-described positive relationships betw
peripheral aromatase activity and each of these parame
(Grodin et al, 1973; MacDonald et al, 1978). Demonstration 
these relationships in this dataset suggests that the popula
studied may be considered representative of the postmenopa
population. 

Overall the data from this study are reassuring in that the lac
effect of anastrozole on tamoxifen levels indicates that no red
tion in the efficacy of tamoxifen would be anticipated in th
combination arm of the ATAC trial. Thus the benefits of tamoxife
in this arm should not be lower than those in the tamoxif
monotherapy arm. The over-riding question, therefore, is whet
or not combining anastrozole with tamoxifen will achiev
increased efficacy when compared with tamoxifen alon
Definitive conclusions as to whether or not the efficacy of anast
zole is affected by the addition of tamoxifen cannot be made u
the results of the main ATAC trial have been analysed. Howeve
does appear that the observed interaction between tamoxifen
anastrozole is unlikely to reduce the levels of anastrozole su
ciently to reduce its oestrogen-suppressive effects. 

In conclusion, the results confirm that, in postmenopau
women with early breast cancer, co-administration of anastroz
does not affect steady-state trough plasma concentrations
British Journal of Cancer (2001) 85(3), 317–324
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tamoxifen. Steady-state trough plasma concentrations of 
metabolite of tamoxifen, desmethyltamoxifen, are also unaffec
The observed reduction in the steady-state trough plasma con
trations of anastrozole in the presence of tamoxifen has no sig
cant effect on the oestradiol suppressive effects of anastro
These results, therefore, indicate that the observed interactio
unlikely to be of clinical significance whenever anastrozole 
tamoxifen are administered together. The results of the m
ATAC trial will shed further light on these findings. 
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