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Aromatase inhibitors improve relapse-free survival in early breast cancer, but there is con-
cern about possible detrimental effects on bone mineral density (BMD) and plasma lipids.
This paper presents the results of a 2-year study evaluating the effects of exemestane ver-
sus placebo on BMD, bone markers, plasma lipids and coagulation factors, including a 1-
year follow-up after termination of treatment in 147 patients. During treatment, the mean
annual rate of loss of BMD in the lumbar spine was 2.17% in the exemestane group versus
1.84% in the placebo group (n.s.) and 2.72% versus 1.48%, respectively, in the femoral neck
(P =0.024). A loss of BMD above that expected in both arms of this study could be due to low
vitamin D status (88% of all patients had vitamin D levels <30 ng/ml). The changes observed
with exemestane were partially reversed during a 1-year follow-up, with no significant dif-
ference between the two arms. Similarly, the moderate decrease in high-density lipopro-
tein (HDL)-cholesterol was reversed. The bone marker values decreased, although a
difference at 6 months of follow-up was still recorded, in particular for the markers of bone
synthesis.
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1. Introduction

While phase III studies have demonstrated the unequivocal
superiority of aromatase inhibitors (Als) administered as
monotherapy or sequentially following tamoxifen over
tamoxifen monotherapy as adjuvant treatment for postmen-
opausal women with hormone-sensitive breast cancers,™
information regarding the long-term toxicity of Als is lacking.

The two major concerns with respect to the long-term pro-
found oestrogen deprivation resulting from AI administra-
tion®” relate to a negative influence on bone metabolism
(accelerated bone loss), which could lead to fractures, and
to a potential detrimental effect on plasma lipid levels, which
could contribute to cardiovascular events. In the latest update
of the ATAC (Arimidex, Tamoxifen, Alone or in Combination)
study,! adjuvant treatment with anastrozole monotherapy in-
creased the total fracture rate by 49% compared with tamox-
ifen. Similarly, the joint report of the Austrian Breast and
Colorectal Cancer Study Group (ABCSG 8) and German Arim-
idex-Nolvadex (ARNO 95) trials reported a significant increase
in the frequency of fractures among patients treated with
anastrozole following tamoxifen versus patients on continu-
ous tamoxifen treatment (odds ratio 2.14, 95% CI 1.14-4.17),>
while the Intergroup Exemestane Study reported a non-signif-
icant increase in fracture rate (35%) during treatment with
exemestane in comparison with tamoxifen.? The first report
from the Breast International Group (BIG) 1-98 trial confirmed
an increase of 43.5% in fractures, comparing women treated
initially with letrozole with those treated initially with tamox-
ifen.® Considering vascular events, a higher incidence of
thromboembolic events have been recorded in the tamoxifen
treatment arms, with a non-significant increase in cardiovas-
cular events on treatment with the different Als.’

A major challenge in evaluating the toxicity of Als is the
use of tamoxifen as a comparator in the control arm in most
studies. Tamoxifen is known to influence bone metabolism,
blood lipids and coagulation status in postmenopausal wo-
men. > While letrozole was compared with placebo in the
MA17 study,? the patients enrolled had all received 5 years
of tamoxifen therapy prior to treatment with the Al, and
tamoxifen may persist in tissue compartments for months.?
The beneficial effects of tamoxifen on bone mineral density
(BMD) in postmenopausal women have to be considered
whenever Als are compared with the anti-oestrogen in the
same study.’® Thus, to address the issue of potential toxic ef-
fects of exemestane on bone and lipid metabolism, we con-
ducted a 2-year double-blind placebo-controlled study
evaluating these parameters in patients with early breast can-
cer who were not candidates for adjuvant endocrine ther-
apy.’? Because a major issue relates to whether any
potential changes may be reversible upon terminating treat-
ment, BMD, bone biomarkers, and plasma lipids were evalu-
ated during a 1-year follow-up after termination of
treatment. This paper reports the results of this follow-up
with respect to BMD, bone biomarkers, plasma lipids and ser-
um homocysteine levels, coagulation parameters and sex ste-
roids. The key finding is that the modest changes in bone and
lipids recorded during 2 years of treatment with exemestane
were largely reversible 1-year after the termination of treat-
ment. In addition, vitamin D (25-OHD) and parathormone

(PTH) were measured in all patients before and during ther-
apy, looking for potential explanations for the high loss in
BMD in both treatment arms that was reported previously.*®

2. Patients and methods

2.1.  Study design

The study was designed and conducted by the Norwegian
Breast Cancer Group in collaboration with Pfizer Inc. Post-
menopausal women with low-risk, surgically treated early
breast cancer (n = 129) or ductal carcinoma in situ (n = 18) were
randomised (double-blind) either to exemestane 25 mg daily
or to oral placebo for 2 years, to be followed up for 1 year after
cessation of treatment for the primary (BMD) and secondary
(bone biomarkers, plasma lipids, coagulation factors, homo-
cysteine and serum hormone levels) study end-points. The
parameters recorded at each time interval are shown in
Fig. 1. The study was carried out at six Norwegian centres,
and enrolled patients from January 1999 to October 2001. At
that time, postmenopausal patients with low-risk breast can-
cer, as defined in the inclusion criteria,'® were not offered
routine adjuvant systemic treatment under the Norwegian
National Guidelines. The protocol was approved by the Regio-
nal Ethical Committees, and each patient gave written in-
formed consent before being enrolled. Randomisation was
performed by each centre; patients were randomly assigned
to treatment in blocks of four. A Data Monitoring Board,
including an oncologist, a lipid expert and a bone expert not
involved in the study, monitored the safety of patients.

Relapses and adverse events, together with drug compli-
ance, were monitored at each visit.

2.2.  Assessment of BMD

BMD was measured in the lumbar spine (L1 to L4) and in the
femoral neck by Hologic densitometry (Hologic Inc., Walthem,
MA, United States of America (USA)) in 130 patients and Lunar
densitometry (Lunar Corp., Madison, W1, USA) in 17 patients.
Absolute BMD, as well as t-scores (which represent standard
deviations (SDs) from the mean value in normal young
adults), were recorded. Patients were categorised as having
normal BMD, osteopenia or osteoporosis according to the
World Health Organisation (WHO) definition, applied to either
the spine or to the femoral neck.™*
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Fig. 1 — Study design.
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2.3.  Evaluation of bone biomarkers

To assess bone metabolism, the following bone formation
markers were measured: serum bone alkaline phosphatase
(BAP), osteocalcin and pro-collagen type I amino-terminal
propeptide (PINP). As markers of bone resorption, serum C-
telopeptide (CTX) and 12-h urinary excretion of CTX and N-
telopeptide (NTX) were measured. All bone metabolism mark-
ers were determined by Synarc SAS, Lyon, France.

2.4.  Measurement of 25-hydroxyvitamin D (25-OHD) and
parathormone (PTH)

Assessments of serum 25-OHD and PTH were performed at
Synarc SAS (Lyon, France) using specific analytical methods:
the 25-OHD '*I-radioimmunoassay (RIA) kit from DiaSorin
(Stillwater, MN, USA) and the Elecsys intact PTH assay from
Roche Diagnostics (Basel, Switzerland). While there has been
a debate about lower limits for vitamin D serum levels, the
current view is to consider a serum value below 30 ng/ml
25-OHD (the value at which PTH starts to increase) as subop-
timal.">™"

2.5.  Evaluation of lipids,
factors and hormone status

homocysteine, coagulation

Plasma lipid profile (total cholesterol, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol,
triglycerides, apolipoprotein A1, apolipoprotein B and lipopro-
tein A), serum homocysteine, coagulation profile (fibrinogen,
activated partial thromboplastin time (APTT) and prothrom-
bin time (PT)) and other safety parameters were determined
centrally by the Haukeland University Laboratory of Clinical
Chemistry on fresh samples delivered by courier. Serum
sex-steroids (oestradiol, oestrone, oestrone sulphate, andro-
stenedione and testosterone) were measured by a coupled
gas chromatography mass spectroscopy (GC/MS/MS) bio-ana-
lytical method (Taylor Technology Inc., Princeton, NJ, USA).

2.6.  Statistical analysis

The trial was powered to detect a difference in mean annual
rate of BMD loss versus the placebo arm equal to or greater
than 1.1%. Sixty-four evaluable patients per treatment arm
were required to detect such a difference during a treatment
time-span of 2 years and given a 1-tailed alpha level of 0.05
and 0.80 power. Statistical analysis of primary (BMD) and sec-
ondary end-points during the 24-month treatment interval
has been reported elsewhere.’® Results are reported here for
those patients who completed the 24-month treatment period
and were followed up post-treatment.

The mean percentage change in BMD at 1 year after termi-
nating treatment (36-month visit) was compared within each
treatment arm to the mean percentage change at the end of
therapy (24-month visit) using a paired t-test. The 36-month
mean changes were also compared between treatment
groups using a two-sample t-test. A significance level of 0.05
was adopted. Bone biomarkers, plasma lipids and serum
homocysteine levels during the follow-up (see Fig. 1 for spe-
cific parameters assayed at 27, 30 and 36 months), expressed

as percentage changes from baseline were analysed by re-
peated measures analysis of variance. Values were log-trans-
formed before the analysis if specified in the protocol. Due to
the exploratory nature of the analyses of these secondary
end-points, no adjustment for multiple testing was consid-
ered, and a significance level of 0.05 was used except for the
correlations between changes in bone biomarkers and BMD
measurements. Due to multiple comparisons, a level of statis-
tical significance of 0.01 was used for these estimates.

Coagulation parameters and sex steroids were also evalu-
ated by descriptive statistics. Patients receiving concomitant
medication known to influence one or more study parameters
(e.g. lipid-lowering drugs, anticoagulants, bisphosphonates,
etc.) were considered not evaluable for the analysis of af-
fected parameters. General safety analysis for this report is
included for all treated patients who completed the 2-year
treatment period and had at least one follow-up assessment.
Safety analysis on all treated patients has been reported
previously.™

3. Results

Of a total of 73 patients initially randomised to exemestane
treatment and 74 randomised to placebo, 58 and 65 patients,
respectively, completed 24 months of therapy and were avail-
able for follow-up. No patient completing 24 months of ther-
apy was lost to subsequent follow-up. The reasons
for premature discontinuation in the two arms are given in
Table 1.

3.1.  Bone mineral density

In the original publication,’® alterations in BMD status were
reported as annual bone loss in all patients having BMD as-
sessed at baseline and at least on one occasion (12 months
or later) during therapy. The mean annual rate of BMD loss
in the lumbar spine was 2.17% in the exemestane group ver-
sus 1.84% in the placebo group (n.s.). In the femoral neck,
the corresponding values for the exemestane and placebo
groups were 2.72% versus 1.48%, respectively (P = 0.024).

For patients completing 24 months of therapy, making
them available for follow-up analysis, the BMD expressed in
absolute values for the treatment and follow-up periods is
shown in Fig. 2, while percentage change from baseline at
24 and 36 months is given in Fig. 3. The average BMD losses
after 24 months of therapy compared with before-treatment
values were 3.59% and 2.12% in the lumbar spine for exemes-

Table 1 - Reason for premature treatment

discontinuation

Reason Number of Number of
patients on patients on
exemestane placebo

Adverse event 9 3

Refused further treatment 3 2

New primary cancer 2 -

Relapse 1 3

Lost to follow-up - 1
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Fig. 2 - Effect of 2-year treatment with placebo or
exemestane on bone mineral density (BMD) of the lumbar
spine (upper panel) and femoral neck (lower panel). SD,
standard deviation.
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Fig. 3 - Percentage changes from baseline of bone mineral
density (BMD) of the lumbar spine and femoral neck at the
end of 2-year treatment with placebo or exemestane and at
1 year after treatment discontinuation. CI, confidence
interval; NS, not significant; FU, follow-up.

tane versus placebo-treated patients, with corresponding val-
ues of 4.42% and 2.50% in the femoral neck for the two treat-
ment groups, respectively. One year after terminating
treatment, BMD in the lumbar spine had improved for pa-
tients in the exemestane arm (mean percentage bone loss de-
creased from 3.59% at 24 months to 2.16% at 36 months;
P =0.0003; Fig. 3). BMD loss improved slightly in the placebo
arm (from 2.12% at 24 months to 1.61% at 36 months;
P =0.169), and the difference in lumber spine BMD between
the 2 treatment arms at 36 months remained non-significant
(P =0.538). Considering the femoral neck, BMD loss remained

stable (4.42% at 24 months versus 4.28% at 36 months, respec-
tively) in the exemestane arm, while a minor BMD decrease
(from 2.50% at 24 months to 2.73% at 36 months) was ob-
served in the placebo arm. Comparing femoral neck values
obtained at 36 months in the 2 arms, the treatment difference
was no longer of statistical significance (P = 0.092).

3.2. Bone biomarkers

For patients completing 24 months of therapy and available for
follow-up, markers of bone formation (BAP, PINP and osteocal-
cin) and bone resorption (serum-CTX, urinary-CTX and uri-
nary-NTX) are shown in Fig. 4 (upper and lower panel,
respectively). As seen from the Figures, these biomarkers were
all raised in the exemestane treated patients after 24 months
of therapy. A correlational analysis looking at the alterations
in bone biomarkers at 6 months on treatment’® and BMD at
24 months showed a significant (P < 0.01) negative correlation
between BAP and BMD in the lumbar spine during treatment
with exemestane (highest increase related to high BMD loss).
When BAP values obtained at 12 months on treatment*? were
used, this phenomenon could be shown in both the exemes-
tane and the placebo group. All serum markers for bone forma-
tion (BAP, PINP and OC at 6 and 12 months) were found to
correlate significantly (P <0.01) and negatively with BMD in
the femur measured at 24 months in the placebo group only.

70 [ BAP | [ PINP || Osteocalcin |
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% Change from Baseline (Geom Mean, 95% Cl)

024 months & 27 months (3-m FU) @ 30 months (6-m FU)

60 T Serum-CTX | [ Urinary-CTX | [ Urinary-NTX |

| Placebo Exemestane Placebo Exemestane Placebo Exemestane

% Change from Baseline (Geom Mean, 95% ClI)

024 months & 27 months (3-m FU) @ 30 months (6-m FU)

Fig. 4 - Percentage changes from baseline of bone formation
(upper panel) and bone resorption markers (lower panel) at
the end of 2-year treatment with placebo or exemestane and
up to 6 months after treatment discontinuation. BAP, bone
alkaline phosphatase; PINP, pro-collagen type I amino-
terminal propeptide; CTX, C-telopeptide; NTX, N-telopeptide;
CI, confidence interval; m, month; FU, follow-up.
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After exemestane withdrawal, bone resorption markers re-
turned to or below baseline values within 6 months, with the
exception of serum-CTX. No statistically significant differ-
ence was found between treatment arms during the post-
treatment follow-up period for all these markers, apart from
serum-CTX (P =0.018). Considering markers of bone forma-
tion, a successive decrease in values at 3 and 6 months after
terminating therapy was recorded for each marker. However,
6 months after terminating treatment with exemestane they
all remained elevated compared with baseline and compared
with values recorded among placebo-controlled patients. For
BAP, PINP and osteocalcin, a statistically significant difference
was found between treatment arms during the post-treat-
ment follow-up period (P<0.001, P<0.001 and P =0.004,
respectively) (6 months after termination of treatment;
Fig. 4). Notably, we did not observe any significant correlation
between changes in serum bone markers and changes in BMD
during the treatment discontinuation period.

3.3. Vitamin D and parathormone status

The mean values of 25-OHD at baseline were 21.8 ng/ml (20.5-
23.2) and 21.2 ng/ml (19.7-22.8) in the placebo and exemestane
group, respectively (geometric mean values with 95% CI). 128
patients (88%) had 25-OHD levels below 30 ng/ml (67 patients
in the placebo group and 61 patients in the exemestane group)
reflecting a general vitamin D deficiency in the study popula-
tion. There was no significant correlation between 25-OHD
levels at baseline and BMD measurements at baseline. Neither
did we find significant correlations between 25-OHD levels at
baseline and loss of BMD during the 2-year treatment period.
However, there was a (non-significant) trend toward higher
loss of BMD in the femoral neck and in the lumbar spine dur-
ing treatment with exemestane for 2 years in the subgroup of
patients with baseline 25-OHD < 30 ng/ml (data not shown).
This trend was not present in the placebo group. The measure-
ment of PTH revealed no differences between the two study
groups at baseline (geometric mean levels of 30.7 and 30.8
pg/ml in the placebo and exemestane group, respectively).
The changes in serum 25-OHD and PTH during the 2-year
treatment period (placebo or exemestane) and the first 6
months after treatment termination are shown in Fig. 5. Dur-
ing the 2-year treatment period, exemestane had no signifi-
cant effect on 25-OHD levels, whereas a slight decrease was
observed in PTH levels of a maximum of 7-8% (compared with
a slight increase of 4-12% in the placebo arm, P = 0.038). These
PTH changes disappeared during the 6 months after exemes-
tane discontinuation (15% increase).

3.4.  Plasma lipid and serum homocysteine levels

As described in the original publication,' in all patients evalu-
able during the 2-year treatment period, exemestane had no
significant effect on lipid fractions, with the exception of a de-
crease in HDL-cholesterol of 6-9% (versus a 1-2% increase on
placebo; P < 0.001) and a 5-6% decrease in apolipoprotein Al
(versus a 0-2% decrease on placebo; P =0.004). In addition,
during the 24 months of treatment, exemestane caused a min-
or increase in serum levels of homocysteine (7-18% in the exe-
mestane arm versus 1-12% during placebo; P = 0.018).

30
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Fig. 5 - Percentage changes from baseline of serum 25-OH
Vitamin D (upper panel) and parathormone (lower panel)
during 2-year treatment with placebo or exemestane and up
to 6 months after treatment discontinuation. CI, confidence
interval; FU, follow-up.

For patients completing 24 months of therapy and avail-
able for follow-up, the on-treatment changes in lipids were
reversed during the 3-12 month follow-up phase (Fig. 6). For
homocysteine, the changes from baseline observed at 6-12
months after exemestane withdrawal (14-19% increase) were
no longer statistically significant versus placebo (9-12% in-
crease; Fig. 6).

3.5.  Coagulation parameters

No relevant change in any of the coagulation parameters
measured (plasma fibrinogen, PT and APTT) were observed,
either during therapy or during the follow-up phase (data
not shown).

3.6. Sex steroids

During the 2-year treatment period, exemestane has been re-
ported to cause a marked decrease (83-93%) in all serum oes-
trogens and no relevant changes in androstenedione and
testosterone.’® Oestrogen levels returned to pre-treatment
values within 6 months of withdrawal of exemestane treat-
ment. Exemestane withdrawal did not cause any change in
androgen levels (data not shown).

3.7.  Reasons for premature discontinuation of the study
and adverse events during the follow-up period

The reasons for premature discontinuation of the study in the
two arms are given in Table 1. All in all, 3 patients (4.1%) in the
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Fig. 6 — Percentage changes from baseline of plasma lipids
and serum homocysteine levels at the end of 2-year
treatment with placebo or exemestane and up to 1 year after
treatment discontinuation. HDL, high-density lipoprotein;
LDL, low-density lipoprotein; CI, confidence interval; m,
month; FU, follow-up.

placebo arm and 9 patients (12.3%) in the exemestane arm
discontinued the study due to adverse events. Side-effects,
possibly related to exemestane, causing premature discontin-
uation of therapy were: hot flushes, nausea, abnormal liver
function tests, diarrhoea, and deep vein thrombosis.

No serious adverse events or grade 4 events were reported
in either treatment group during the 1-year follow-up period.
No fractures were reported during follow-up in either arm.
The total number of on-study fractures remains 4 in the exe-
mestane arm and 5 in the placebo arm.

4, Discussion

Potential toxicities with respect to bone and lipid metabolism
are major concerns regarding long-term Al treatment of wo-
men for early breast cancer. These concerns relate to poten-

tial detrimental effects during the treatment period, but also
the potential for a sustained impact resulting in long-term
detrimental effects. According to official national statistics,
the expected life-span for normal healthy Norwegian women
aged 50, 60 and 70 years is 33 years, 24 years and 16 years,
respectively. The life-time risk for an otherwise healthy wo-
man of having a hip fracture may exceed 20%,'® and hip frac-
tures, as well as spinal compression fractures on an
osteoporotic basis, are associated with significant morbidity
as well as increased mortality.’® Thus, an increased risk of
osteoporosis and cardiovascular disease may reduce the ben-
efits of adjuvant treatment with Als.

In our initial report from this study,”” we found 2-year
treatment with exemestane to have a modest impact on bone
loss from the hip area and to cause a non-significant increase
in bone loss from the spine compared with placebo. Interest-
ingly, this finding with respect to BMD was accompanied by
elevated levels of bone biomarkers associated with bone for-
mation in addition to elevated markers of bone resorption.
This may represent a difference between steroidal and non-
steroidal compounds.” The different impact of exemestane
on bone is further supported by the recent report of the bone
sub-study of the Intergroup Exemestane Study, in which bone
loss stabilised at <1% per year.?! Considering plasma lipid lev-
els, with the exception of a small (6-9%) decrease in HDL-cho-
lesterol and a concomitant 5-6% decrease in apolipoprotein
A1, no significant changes in plasma lipids were recorded.

The results presented here confirm that these changes are,
at least in part, reversible. One year after terminating treat-
ment with exemestane, BMD had improved in the lumbar
area. A possible explanation for this phenomenon may be a
more prolonged effect of exemestane on bone synthesis, re-
flected by a rise in the markers of bone production during at
least the first 6 months after termination of exemestane. In
contrast, markers for bone resorption decreased rapidly after
termination of exemestane. In the hip, there is a slight
improvement in BMD among patients who had received 2-
year treatment with exemestane, while there was a further
small decrease in the placebo-arm; thus, the difference be-
tween the 2 arms was no longer statistically significant. The
improvement in BMD was paralleled by a gradual normalisa-
tion of all the bone biomarkers over the 6-month follow-up
period in which they were recorded. A slight increase in lum-
bar spine BMD in the placebo group after treatment termina-
tion was unexpected, and is probably found by chance.

Previous studies have reported conflicting results regard-
ing the effects of exemestane on plasma lipid fractions in
metastatic?®?® as well as in early’*? breast cancer. In our
study,'® we found exemestane to cause a small (6-9%) de-
crease in HDL-cholesterol and apolipoprotein Al, but no ef-
fect on other lipid fractions. While HDL-cholesterol is
known to be a cardioprotective factor,?*%’ recent results from
large, randomised studies evaluating the effects of hormone
replacement therapy have found no significant cardiopreven-
tive effect of such treatment, despite a 8-10% increase in plas-
ma-HDL-cholesterol.28-32 Thus, it remains unknown whether
a small decrease in HDL-cholesterol, as recorded in our study
during exemestane therapy, is of clinical importance. The
finding reported here, that this minor alteration is completely
reversible upon terminating treatment, provides further

13
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assurance of the safety of exemestane with respect to cardio-
vascular side-effects. This conclusion is further substantiated
by the finding of no detrimental effects on coagulation factors
during the follow-up phase, as well as the reversion of the
mild effect on serum homocysteine levels. Considering non-
steroidal Als, no difference was recorded between letrozole
and placebo with respect to lipid parameters in the MA17
study.?

The evaluation of the 25-OHD status in the study popula-
tion revealed that 88% of patients had suboptimal serum lev-
els. While we found no correlation between 25-OHD levels
and BMD at baseline, we observed a trend toward higher
losses in BMD in the femoral neck and the lumbar spine on
treatment with exemestane in the subgroup of patients with
suboptimal 25-OHD serum levels. Our findings suggest that
vitamin D supplementation may be an important factor in
maintaining postmenopausal BMD during treatment with
Als.

In conclusion, the results from this 1-year follow-up after
terminating exemestane treatment add information regard-
ing the lack of significant toxicity of this compound. The re-
sults now available indicate that exemestane is unlikely to
produce durable toxic effects with respect to bone metabo-
lism or plasma lipids. It is noteworthy that exemestane is a
steroidal compound with a chemical structure different from
anastrozole and letrozole.?* Clinically, there is a lack of com-
plete cross-resistance between exemestane and the non-ste-
roidal Als when administered for metastatic breast cancer,
probably due to a slight androgen-agonistic effect of its major
metabolite.* Thus, it is possible that exemestane may have
an effect on bone metabolism different from the non-steroi-
dal compounds, and the results obtained here may not be
extrapolated to the non-steroidal Als.
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