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Abstract ALIQUOT (Anastrozole vs. Letrozole, an
Investigation of Quality Of Life and Tolerability) was a
prospective, open-label, randomized pharmacodynamic
study designed to assess the effects of aromatase inhibitors
(Als) on bone turnover in healthy postmenopausal women
with estrogen receptor-positive breast cancer. Ninety-four
patients were randomized to receive either 12 weeks of
letrozole (2.5 mg; n = 42) followed by 12 weeks of
anastrozole (1 mg), or 12 weeks of anastrozole (1 mg;
n = 42) followed by 12 weeks of letrozole (2.5 mg). After
completion of the study period, patients in the immediate
adjuvant group were either switched to tamoxifen (n = 38)
or continued on anastrozole or letrozole. In the beginning
of the study, 42 patients had taken tamoxifen within
3 months. Patients taking drugs likely to affect bone
metabolism, including bisphosphonates, were excluded.
Eighty-four patients had complete sample measurements
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and were included in the analysis. Prior tamoxifen therapy
resulted in a significantly lower mean baseline procollagen
type 1 N-terminal propeptide (PINP) compared with
patients with no prior tamoxifen. There were no significant
differences in bone markers between Als at any time. By
6 months, significant increases were seen in PINP, C-ter-
minal telopeptides (CTX), bone specific alkaline phos-
phatise (ALP), and urinary N-terminal telopeptides (NTX).
Patients with prior tamoxifen had significantly greater
increases than patients with no prior tamoxifen. Patients
treated with 3 months of tamoxifen following 6 months of
an Al showed a significant decrease in markers of bone
resorption, serum CTX and urinary NTX. In conclusion,
Al-induced bone turnover increases over time. Anastrozole
and letrozole produce similar effects on bone metabolism
and turnover. Stopping tamoxifen therapy and starting Als
results in a significantly greater increase in bone turnover
compared with commencing Als in tamoxifen-naive
patients. Patients given tamoxifen following Al therapy
showed a decrease in markers of bone resorption.

Keywords ALIQUOT - Anastrozole - Bone markers -
Breast cancer - Letrozole

Introduction

Third-generation aromatase inhibitors (Als) are active
treatments in postmenopausal women with estrogen
receptor-positive (ER+) breast cancer and are increasingly
used. In the neoadjuvant setting, they have definitive
advantages over tamoxifen, once the mainstay endocrine
therapy for postmenopausal women with hormone-sensi-
tive breast cancer. Data indicate that the Als are also
superior to tamoxifen, in terms of disease-free survival

@ Springer



644

Breast Cancer Res Treat (2010) 119:643-651

(DFS), in the adjuvant setting [1, 2]. Tamoxifen is an
antiestrogen that binds to the ER in place of estrogen and
thereby blocks estrogen-mediated signaling [3]. Tamoxifen
has partial agonist activity and stimulates ER activity in
some organs such as bone, resulting in bone-sparing
effects; however, in the endometrium, its partial estrogenic
agonist activity results in an increased risk of endometrial
cancer [4-6].

Concern over the long-term effects of adjuvant Al
therapy on bone health has also surfaced, as studies have
shown a higher fracture rate for Als compared with
tamoxifen [1, 2, 7, 8]. Als prevent estrogen biosynthesis in
peripheral tissues by inhibiting aromatase, the cytochrome
P450 enzyme that catalyses the conversion of adrenal
androgens (androstenedione and testosterone) to estrogens
(estrone and estradiol). There are two types of Als, the
nonsteroidal, competitive inhibitors anastrozole and
letrozole and the steroidal, non-competitive inhibitor exe-
mestane. Each substantially reduces circulating estrogen,
which increases bone turnover and results in bone mineral
loss. Letrozole decreases circulating estrogen levels to a
greater degree than anastrozole [9]. This in turn could lead
to a greater degree of osteoporosis and an increased rate of
fractures. There is clear evidence that bone turnover
markers are strong predictors of future fractures [10]. The
aim of this study was to determine whether there is a sig-
nificant difference between letrozole and anastrozole in
their effects on bone turnover in a series of postmenopausal
women with ER+ operable breast cancers.

Patients and methods
Study design

ALIQUOT (Anastrozole vs. Letrozole, an Investigation of
Quality Of Life and Tolerability) was a prospective, open-
label, randomized pharmacodynamic study. Bone turnover
markers were measured in a subset of 94 out of 185
postmenopausal women with invasive ER+ breast cancer.
Patients were randomized as part of their adjuvant endo-
crine therapy to receive either 12 weeks of letrozole fol-
lowed by 12 weeks of anastrozole or 12 weeks of
anastrozole followed by 12 weeks of letrozole. The study
was approved by the Lothian Research Ethics Committee
and carried out in accordance with the Declaration of
Helsinki and in keeping with Good Clinical Practice. All
patients were treated in the Edinburgh Breast Unit. Fol-
lowing informed consent, each patient was randomized to
receive 3 months of anastrozole (1 mg) or letrozole
(2.5 mg) orally once daily in a crossover study (Fig. 1).
Some patients received adjuvant Al therapy immediately
following surgery, while other patients had already
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received adjuvant tamoxifen and then received Als in the
extended adjuvant setting. Each drug was administered for
12 weeks, and after completion of the study period,
patients in the immediate adjuvant group were either
switched to tamoxifen or continued on anastrozole or
letrozole. All those having extended adjuvant therapy
continued on letrozole unless they expressed a specific
preference for anastrozole, as letrozole is approved for
extended therapy. The study ran between January 2004 and
December 2006.

Patients

All patients included had histologically confirmed invasive
cancer that was ER+ (ALLRED score > 4). Postmeno-
pausal status was defined as amenorrhea for 1 year and/or
luteinizing hormone with follicular stimulating hormone
levels in the postmenopausal range. Postmenopausal
women who had early invasive breast cancer (T1-3, NO-1,
MO) and who were able to give informed consent were
considered eligible. Of note, the only post chemotherapy
patients were those who had completed 5 years of tamox-
ifen. All premenopausal women; women receiving con-
current or previous chemotherapy (within the last 4 years);
women taking concomitant hormonal therapy, including
hormone replacement therapy; women taking drugs likely
to affect bone metabolism, including steroids and bis-
phosphonates; and patients unable to give informed con-
sent were excluded from entry into the study.

Ninety-four postmenopausal women with ER+ breast
cancer who were suitable for adjuvant or extended adjuvant
treatment with an Al and were on no drugs likely to have
an effect on bone metabolism were enrolled (Fig. 2).
Patients were either due to start endocrine therapy as their
first treatment after surgery and were therefore tamoxifen-
naive (n = 52) or were finishing 5 years of tamoxifen and
beginning extended adjuvant therapy (n = 42). Each
patient was randomized (1:1) to receive 6 months of Al
therapy, which included 3 months of anastrozole followed
by 3 months of letrozole or 3 months of letrozole followed
by 3 months of anastrozole (Fig. 1). Patients with no prior
exposure to tamoxifen were thereafter started on 20 mg of
tamoxifen daily for 3 months.

Eighty-four patients had complete sample measurements
and were included in the analysis. Ten patients were
excluded from analysis because of technical problems with
the samples. One patient was later removed from the
analysis, as she was found to be taking medication likely to
affect bone turnover; this patient did not exhibit an unusual
response to therapy.

The median age of the patients was 63 years (range, 40—
87). The median age was 61 and 65 years in the post-
tamoxifen and no-prior-tamoxifen groups, respectively.
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Fig. 1 Anastrozole versus
Letrozole, an Investigation of
Quality Of Life and Tolerability
(ALIQUOT) open-label
crossover study design. In this
analysis, postmenopausal
women with hormone receptor-
positive breast cancer received
either 3 months of anastrozole
followed by 3 months of
letrozole (n = 42) or the

Randomization Crossover

Tamoxifen
n=38

Letrozole
n=42

Letrozole
n=42

Women with
ER+ breast cancer
(N =94)

opposite sequence (n = 42).
ER+ estrogen receptor-positive

Assay

__/

Anastrozole
n =42

End of
treatment
or Al

Anastrozole
n=42
Assay
Assay

Assay tamoxifen

Baseline

Fig. 2 ALIQUOT CONSORT
diagram

12 weeks 12 weeks 36 weeks

Randomization (n = 94)
Prior tamoxifen (n = 42)
Tamoxifen-naive (n = 52)

[
ANASLET (n = 48)

Excluded from analysis (n = 7)
Technical problems with samples (n = 6)
Rlemoved by investigator (n = ?)

ANA—SLET (n =41)
Prior tamoxifen (n = 20)

Tamoxifen-naive (n = 21)

Further patient demographics are shown in Table 1. Forty-
six patients were initially randomized to letrozole first
followed by anastrozole, and 48 were initially randomized
anastrozole followed by letrozole.

Blood samples and bone marker measurements

Ninety-four patients (52 after surgery and 42 after tamox-
ifen) had fasting blood and urine collected before and after
12 weeks of each drug. Of the aforementioned 52 patients,
38 had fasting samples collected 12 weeks after complet-
ing Als and commencing tamoxifen (Fig. 1). Blood and
urine samples for bone marker measurements were

|
LET—ANA (n = 46)

| |
Excluded from analysis (n = 4)
Technical problems with samples (n = 4)
Rlemoved by investigator (n = (I))

LET—ANA (n = 42)
Prior tamoxifen (n = 22)
Tamoxifen-naive (n = 20)

collected following an overnight fast, at the same time of
day and on the same day of the week at the beginning and
end of each 12-week period of drug treatment. The timing
of samples was scheduled to minimize diurnal and diet-
related effects. Plasma samples were separated by centri-
fugation and stored at —80°C until analyzed. The second
voided urine of the day was collected for measurement of
urinary bone markers. Urine samples were also stored at —
80°C.

The crosslinked N and C telopeptides of type I collagen,
urinary N-terminal telopeptides (uNTX) and serum C-ter-
minal telopeptides (sCTX), were measured as markers of
bone resorption, and procollagen type I N-terminal

Table 1 Patient demographics

Post 5 years of tamoxifen (n = 42) No prior tamoxifen (n = 52)

Median age at entry, years (range) 61 (40-78) 65 (44-87)
Mean baseline height, cm (SE) 161.7 (1.21) 161.9 (0.88)
Mean baseline weight, kg (SE) 72.0 (2.13) 74.9 (2.24)
Prior hormone replacement therapy (n) 17 20
Hysterectomy (n) 11 5

Bilateral oophorectomy (1) 3
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propeptide (PINP) and bone-specific alkaline phosphatase
(bone ALP) were measured as markers of bone formation.

Urinary NTX was measured by an automated Vitros Eci
chemiluminescence immunoassay (Ortho Clinical Diag-
nostics) and was expressed as a ratio to urinary creatinine,
which was measured by a dry slide method (Vitros 250,
Ortho Clinical Diagnostics). Interassay coefficient of
variations (CV) was 6.2%, and the intra-assay CV was not
calculated, as NTX was run on an autoanalyser. Serum
CTX was measured by an enzyme-linked immunoassay
(Crosslaps®, Nordic Bioscience Diagnostics A/S). Intra-
assay CV was 3.2%, and interassay CV was 3.0%.

Intact PINP was measured by radioimmunoassay (Orion
Diagnostics Oy). The interassay CV was 5.7%, and the
intra-assay CV was 5.2%. Bone ALP was measured by the
Ostase® assay, a paramagnetic chemiluminescent method,
on an Acess® autoanalyer (Beckman Coulter Inc). The
interassay CV was 2.3%, and the intra-assay CV was not
calculated, as bone ALP was run on an autoanalyser.

Serum parathyroid hormone (PTH) was measured by
enzyme-linked immunoassay (Biomericalnc). The interas-
say CV was 7.2%, and the intra-assay CV was 3.7%.

Increases in NTX and CTX indicate bone resorption,
while increases in PINP and bone-specific ALP indicate
bone formation. These markers, together PTH, were mea-
sured at the Academic Unit of Bone Metabolism, Sheffield,
UK.

Statistical analysis

In order to have sufficient data to detect statistically sig-
nificant differences in bone turnover, it was estimated that
20% of patients on each Al would need to have significant
changes in bone turnover. For this proportion to be able to
exclude 10%, 86 patients would be required over the two
groups. To take this into account, the possibility of loss to
follow-up, or failure to comply, the sample size was
increased by 10% to 94.

The statistical analysis was conducted by an indepen-
dent statistician. Hormone therapy for each patient was
coded to maintain the blind assessment and avoid bias.
Analysis of the variables was conducted using mixed
models and repeated measures, since measurements were
of the same patient over a series of time points. Whether
the patients had also taken tamoxifen for 5 years was also
included in the model. Bone ALP and PTH were log
transformed to achieve normality prior to analysis.

Ten patients were unable to be included in the analysis
because of technical problems arising with the samples. An
additional patient was removed from the analysis, because
she was found to be taking medication likely to affect bone
turnover.
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Results
Patients

Ninety-four postmenopausal women with ER+ breast
cancer were enrolled in this study. Baseline patient char-
acteristics are shown in Table 1. Overall, patient demo-
graphics were similar between the two groups. The median
age of patients who had completed 5 years of tamoxifen
was 61, and the median age of those who had received no
prior tamoxifen was 65. More patients who had received
5 years of tamoxifen had undergone hysterectomy and
bilateral oophorectomy compared with those who had not
received tamoxifen.

Effect of treatment on bone turnover
Effect of prior tamoxifen

There were significant differences from baseline between
the tamoxifen-naive group and patients who had received
prior tamoxifen for PINP levels (47.9 vs. 37.3; P = 0.005)
and sCTX levels (0.67 vs. 0.49; P = 0.0003) (Table 2).
Figure 3 shows that patients who received prior tamoxifen
had a significantly greater increase in levels of PINP
(Fig. 3a), sCTX (Fig. 3b), uNTX (Fig. 3c), and ALP
(Fig. 3d) at 3 and 6 months than did tamoxifen naive
patients. Results are presented as percentage change from
baseline for each group. PTH (Fig. 3e) is an indirect
measure of overall bone turnover, and greater reductions
between the two groups also reflect the increased bone
turnover in patients previously treated with tamoxifen.

Differences between letrozole and anastrozole

Both Als had major effects on all bone markers, although
there were no significant differences between the drugs at
the 3- or 6-month time points for any of the parameters
measured (all P > 0.10). This was independent of the drug
sequencing. Changes from the baseline are shown in
Table 2 and Fig. 4. Both letrozole and anastrozole mark-
edly increased bone turnover.

Changes over time

There were significant increases in both bone resorption
and bone formation between O and 3 months and 3 and
6 months for PINP, sCTX, bone ALP (all P < 0.0001), and
uNTX (P = 0.04). PTH showed no change. The group that
had previously received tamoxifen had significantly greater
increases (all P < 0.0006) in markers of bone resorption
together with significantly larger rises in markers of bone
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Table 2 Percentage change from baseline

Percentage change from baseline

Study drug Tamoxifen for 5 years
Anastrozole Letrozole No (n = 41%) Yes (n = 42)
PINP Baseline 42.74 47.9 37.3
3 months +16.3% +16.8% +7.5% +25.7%
6 months +46.4% +32.7% +23.2% +55.8%
sCTX Baseline 0.59 0.67 0.49
3 months +30.3% +26.2% +14.6% +41.9%
6 months +44.8% +43.2% +26.2% +61.8%
uNTX Baseline 44.59 48.7 40.5
3 months +29.0% +26.2% +17.9% +37.4%
6 months +48.1% +40.7% +26.1% +62.7%
ALploe transformed Baseline 2.52 2.54 2.50
3 months +2.3% +1.6% +0.4% +3.5%
6 months +6.6% +5.4% +4.8% +7.2%
pTH"cg transformed Baseline 4.06 4.07 4.06
3 months —1.1% —2.7% —1.5% —2.3%
6 months —-3.0% —2.4% —0.4% —5.0%

% 11 patients removed at analysis stage

PINP procollagen type I N terminal propeptide, sCTX serum C-terminal telopeptides, uNTX urinary N-terminal telopeptides, ALP alkaline

phosphatase, PTH parathyroid hormone

formation at all time points compared with the tamoxifen-
naive group. The differences for PTH were also significant,
with smaller rises in the prior tamoxifen group
(P = 0.0004).

Effects of Als followed by tamoxifen

There were significant differences between the drugs (an-
astrozole vs. letrozole vs. tamoxifen-following Al) for the
markers of bone resorption, sCTX (P = 0.0004), and
uNTX (P = 0.0009), as shown in Table 3. In both cases,
anastrozole and letrozole were significantly different from
tamoxifen, but not from each other. However, only a lim-
ited number of patients had data for this analysis, so some
degree of care must be taken in the interpretation of the
results. There was no influence on mean percentage change
following tamoxifen by the sequence of the previous Als
(all P > 0.5).

Discussion

Anastrozole and letrozole are potent third-generation Als
that cause profound suppression of plasma estrogen levels
in postmenopausal women [11, 12]. There is evidence that
letrozole is a more potent inhibitor of aromatase, and that at
clinically used doses, letrozole reduces estrogen levels to a

greater degree than anastrozole [9, 13]. This study showed
that 6 months of treatment with letrozole and anastrozole
induces a significant increase in bone turnover, and that
this is further augmented in patients who have already
received 5 years of adjuvant tamoxifen therapy. Despite
the greater ability of letrozole (2.5 mg) to lower circulating
estrogen levels compared with anastrozole (1 mg) [9], the
effects on bone metabolism are similar at clinically used
doses. These effects increase with time, and greater bone
turnover is evident at 6 months compared with 3 months,
although there is no difference between the drugs. There is
therefore unlikely to be any difference between these drugs
in fracture rate or the rate of osteoporosis. In postmeno-
pausal women, Al therapy has been associated with
increases in bone turnover and bone loss at an average rate
of 1 to 3% per year [14]. Consequently, an increase in
fracture incidence is also observed when compared with
that seen during tamoxifen use [14]. In the Anastrozole,
Tamoxifen, Alone or in Combination (ATAC) trial, the
fracture rate for anastrozole was 11% at a median follow-
up of 68 months, versus 7.7% for tamoxifen [1]. Similarly,
in the subset analysis restricted to the monotherapy arms of
the Breast International Group (BIG) 1-98 trial, the fracture
rate for letrozole was 8.6% at a median follow-up of
51 months, compared with 5.8% for tamoxifen [15].
Recent trials indicate that a 5-year course of tamoxifen
is no longer the optimum therapy for postmenopausal
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women with early ER+ breast cancer. The ATAC trial and
the Intergroup Exemestane Study (IES) showed that initial
treatment with an Al or switching to an Al was better, in
terms of risk reduction, than tamoxifen. Estradiol levels
have been reported to be virtually undetectable in patients
taking Als, and this partly explains the high rate of bone
loss and greater risk of fractures. Deterioration in bone
health is a major concern for patients taking Als long-term.
In our study, there was no difference between letrozole and
anastrozole with regard to their effects on bone metabo-
lism. Our findings are similar to those in the Letrozole,
Exemestane and Anastrozole in healthy Postmenopausal
women (LEAP) study, which also reported that the third-
generation Als, whether steroidal or nonsteroidal, are
similar with respect to their effects on bone [7].
Postmenopausal women with hormone-sensitive breast
cancer receiving adjuvant Al therapy are at risk for Al-
associated bone loss, but it is important to note that this
bone loss is manageable, and Al therapy should not be
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withheld for fear of bone loss. The American Society of
Clinical Oncology recommends bone mineral density
(BMD) assessments in all women beginning adjuvant Al
therapy. While most women will have normal BMD, rou-
tine screening may identify women who are at increased
risk for bone loss and are candidates for bisphosphonate
therapy [16]. Randomized clinical trials such as the
Zometa-Femara Adjuvant Synergy Trial (Z-FAST in the
United States and ZO-FAST in Europe) support the use of
zoledronic acid (4 mg), a bisphosphonate, every 6 months
to prevent Al-associated bone loss [17, 18]. In addition to
calcium and vitamin D supplementation, any patient who is
starting Al therapy and has a T-score < —2.0 should
receive zoledronic acid (4 mg) twice yearly [19]. Zoled-
ronic acid is also being recommended for any patient who
is receiving Al therapy and has any two of the following
risk factors: 7-score < —1.5, age > 65 years, family his-
tory of hip fracture, personal history of fragility fracture
after age 50, or oral corticosteroid use >6 months [19].
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Table 3 Comparison of Anastrozole, Letrozole and Tamoxifen-following aromatase inhibitor
Drug (mean percentage change, 95% CI)
Anastrozole Letrozole Tamoxifen (following 6 months of AlI) P value
PINP (n = 31) 11.12 (—9.20 to 31.43) 8.98 (—11.94 to 29.90) —4.18 (—20.30 to 11.93) 0.51
sCTX (n = 38) —6.39 (—13.00 to 0.22) —7.56 (—14.05 to —1.08) —20.00 (—26.03 to —13.97) 0.0004
uNTX (n = 30) 9.96 (—1.31 to 21.23) 7.61 (—3.44 to 18.66) —10.20 (—21.69 to 0.87) 0.0009
ALP (n = 31) (transformed) 0.79 (—0.88 to 2.45) 0.71 (—1.08 to 2.50) —0.03 (—2.93 to 2.87) 0.82

N’s represent numbers patients who had data for all three drugs. Total number of tests performed for anastrozole, letrozole and tamoxifen,
respectively, was: PINP: 76, 76, 31; sCTX: 76, 76, 38; uNTX: 76, 76, 30 and ALP: 76, 76, 31

Al aromatase inhibitor, CI confidence interval, PINP procollagen type I N terminal propeptide, sCTX serum C-terminal telopeptides, uNTX
urinary N-terminal telopeptides, ALP alkaline phosphatase

It is evident that both anastrozole and letrozole cause a turnover, there is a clear Al class effect on bone health in
significant increase in the bone turnover markers studied  postmenopausal women with hormone-sensitive breast
here, and that these effects increase over time. Since both cancer. Tamoxifen has been reported to have some bene-
drugs have similar effects on bone metabolism and  ficial effects on bone turnover and fracture risk in
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postmenopausal women [4, 20-22], but the results here
show that these positive effects do not carry over once
tamoxifen therapy is discontinued. Our study showed an
increase in bone turnover that could eventually lead to bone
loss. Patients who had previously received tamoxifen
showed significantly greater increases in the bone turnover
markers PINP, sCTX, uNTX and bone ALP compared with
patients who had not been treated with tamoxifen. These
results are similar to those from the ATAC trial, which
suggested that bone resorption and formation are likely to
be suppressed by about 30 and 15%, respectively, in
patients treated with tamoxifen compared with an untreated
population [23]. Prior tamoxifen therapy has also been
shown to have a major effect on how Als affect bone. This
study has shown that prior treatment with tamoxifen pro-
foundly increases the effects of Als on bone turnover, and
that these effects increase over time. Major increases in
bone turnover are seen when tamoxifen is withdrawn and
anastrozole or letrozole is started. These findings are sim-
ilar to those seen in the IES bone substudy: in those
patients who were on tamoxifen for 2-3 years and then
switched to exemestane, there was a significant decrease in
BMD compared with baseline within 6 months at both the
lumbar spine (2.7%; P < 0.0001) and hip (1.4%;
P < 0.0001) [24]. Thus, any benefit that tamoxifen has on
bone density is lost after tamoxifen treatment ends and Als
begin. Therefore, patients who take anastrozole or letrozole
after tamoxifen need the same bone monitoring as any
patient taking anastrozole or letrozole alone.

In conclusion, these results indicate that the effects of
anastrozole and letrozole on bone turnover are similar and
increase with time. However, tamoxifen treatment has a
major effect on how Als affect bone.
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