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Effect of anastrozole and tamoxifen on lipid metabolism in Japanese
postmenopausal women with early breast cancer
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Abstract

Endocrine therapies that profoundly decrease estrogen levels potentially have a detrimental effect on the cardiovascular
system. This study evaluated the effect on lipid metabolism of one such agent, the new generation aromatase inhibitor
anastrozole, compared with tamoxifen, when used as adjuvant treatment in postmenopausal Japanese women with early
breast cancer. All patients had completed primary surgery and were randomized to anastrozole 1 mg once daily (n =22) or
tamoxifen 20 mg once daily (n =22). Anastrozole significantly reduced levels of triglycerides and remnant-like particle
cholesterol, whereas tamoxifen significantly increased these. Activity of lipoprotein lipase and levels of high-density
lipoprotein cholesterol significantly increased after anastrozole treatment. In contrast, activity of hepatic triglyceride lipase,
also a key enzyme of triglyceride metabolism, significantly decreased following treatment with tamoxifen. We thus conclude
that in our study anastrozole had a beneficial effect on lipid profiles of postmenopausal women with early breast cancer after
12 weeks of treatment.

Abbreviations: 17-C—rotal cholesterol, LDL-C—Ilow-density lipoprotein cholesterol, HDL-C—high-density lipoprotein
cholesterol, RLP-C—remnant-like particle cholesterol, Apo A-I—apolipoprotein A-I, Apo A-II—apolipoprotein A-II,
Apo B—apolipoprotein B, Apo C-II—apolipoprotein C-II, Apo C-III— apolipoprotein C-III, Apo E—apolipoprotein E,
LPL—lipoprotein lipase, HT GL— hepatic triglyceride lipase
Introduction Tamoxifen is a SERM that is widely used in the
treatment of breast cancer. For almost 30 years
tamoxifen has remained the ‘gold-standard’ endo-
crine treatment of breast cancer [5]. However, the
development of selective aromatase inhibitors has
led to the availability of an alternative management
approach for postmenopausal patients in whom
hormonal therapy is indicated.

Anastrozole is a new-generation, oral aromatase
inhibitor that substantially lowers both circulating
plasma estrogens and intratumoral estrogen levels

Many breast cancers depend on estrogen for their
continued growth, and depriving tumors of this
stimulus is an established method of treating the
disease [1,2]. Separate treatment strategies are
available for reducing the effects of estrogens on
breast cancer. One option is the use of selective
estrogen receptor modulators (SERMs). These anti-
estrogens block the effects of estrogen by binding to
the estrogen receptor (ER) and interfering with

receptor-mediated transcriptional events. Another
option is to use an aromatase inhibitor to reduce
plasma and intratumoral estrogen levels. Aromatase
inhibitors block the rate-limiting step in the synthesis
of estrogens—the conversion of androgens to estro-
gens by the cytochrome P-450 enzyme aromatase
[3,4].

and has shown the highest degree of selectivity
compared with letrozole and exemestane in terms
of lack of effect on adrenosteroidogenesis [6,7].
Several trials comparing tamoxifen and anastrozole
in postmenopausal women with advanced breast
cancer have shown anastrozole to be superior to
tamoxifen in terms of anti-tumor efficacy [8,9]. The
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most important issues now concern use of anastro-
zole in the adjuvant setting. In the “Arimidex”,
Tamoxifen alone or in Combination (ATAC) trial,
adjuvant anastrozole was associated with signifi-
cantly better disease-free survival and an overall
favorable risk:benefit profile compared with tamox-
ifen in postmenopausal women [10,11]. It is there-
fore possible that anastrozole may, in the future,
replace tamoxifen as the established adjuvant endo-
crine therapy for early breast cancer in these women.

Estrogen has been shown to have a beneficial
effect on lipid metabolism [12], while the reduction
of estrogen at the menopause has been associated
with an increased rate of hyperlipidemia and a risk of
hypoestrogenic-related disease, including myocardial
infarction and stroke [13,14]. Estrogen deprivation
following treatment for breast cancer may not be
important in the metastatic setting. However, in the
adjuvant setting or when used for the prevention of
breast cancer, it is more important because patients
are receiving long-term treatment.

In the present study, we compared, in a prospec-
tive, randomized fashion, the effect of two primary
treatments, tamoxifen and anastrozole, on lipid
metabolism in postmenopausal Japanese women
with early breast cancer.

Material and methods
Patients

The study population consisted of 49 Japanese
postmenopausal, primary operable breast cancer
patients treated at the National Defense Medical
College (Tokorozawa, Japan) from January 2002 to
January 2003. Patients included in the trial satisfied
the following entry criteria: (1) all demonstrated a
postmenopausal status (defined as either no menses
for more than 1 year or shorter duration of amenor-
rhea with follicle-stimulating hormone [FSH] levels
in the postmenopausal range); (2) all had undergone
breast surgery (either lumpectomy or mastectomy)
and were considered to be potentially curable; (3)
none had received either radiation or chemotherapy
before breast surgery; (4) ER positivity was con-
firmed by histopathology; (5) none had either
diabetes mellitus, renal or hepatic disease; (6) none
had received drugs known to affect the lipid and
lipoprotein levels; and (7) all were instructed to
follow their usual diet and maintain weight during
the study period. Informed consent was obtained
from all participants. The study was conducted on
an outpatient basis according to the principles of the
Declaration of Helsinki and was approved by the
medical ethics committee of the National Defense
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Medical College, and written consent was obtained
from all participants.

All patients underwent surgery in the form of a
total mastectomy or a breast-conserving resection
with axillary evacuation. The subjects were ran-
domly allocated to tamoxifen 20 mg once daily or
anastrozole 1 mg once daily.

Sex hormone and lipid analyses

Overnight fasting blood samples were collected
under identical conditions from the study patients,
before and after 12 weeks of endocrine therapy, for
measurement of FSH, estradiol, total cholesterol (T-
C), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), tri-
glycerides, remnant-like particle cholesterol (RLP-
C), and apolipoprotein (apo) A-I, A-1I, B, C-II, C-
III and E levels. Serum FSH and estradiol levels
were determined by modification with a fluorescence
immunoassay kit (Perkin Elmer, Japan). T-C, LDL-
C, HDL-C, and triglycerides were determined using
enzymatic assay kits (Kyowa Medics, Japan). RLP-C
was determined by an immune adherence method
(Japan Immunoresearch Laboratories, Japan). Apo
A-I, A-II, B, C-II, C-III, and E were measured with
a turbidimetric immunoassay kit (Daiichi Pure
Chemicals, Japan). The intra-assay coefficient of
variance (%) (n=20) for measurements of T-C =
1.1; LDL-C=1.5; HDL-C =1.2; triglycerides =
0.8; RLP-C =3.7; apoA-1=2.2; apoA-II=2.0;
apoB =1.9; apoC-II =2.0; apoC-III=2.0, and
apoE =2.4. The inter-assay coefficient of variance
(%) (n=20) for measurements of T-C =0.6; LDL-
C =0.8; HDL-C =0.6; triglycerides =0.9; RLP-C =
3.1; apoA-1 =0.8; apoA-II =1.2; apoB =0.8; apoC-
II =2.0; apo-CIII =1.0, and apoE =1.2.

Lipase activiry assay

At the same time as fasting blood samples were
collected, samples to determine the activity of
lipoprotein lipase (LPL) and hepatic triglyceride
lipase (HTGL) were collected in post-heparin
plasma from all patients, 10 min after intravenous
injection of heparin (30 U/kg body weight). The
samples were separated immediately by centrifuga-
tion at 4°C and stored at —80°C until assay. The
activities of LPL. and HTGL were measured using
previously described methods [15]. The intra-assay
coefficient of variance (%) (n=20) for measure-
ments of LPL. =4.6 and for HTGL =3.9. The inter-
assay coefficient of variance (%) (n =20) for mea-
surements of LPL. =4.3 and for HTGL =3.8.
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Statistical analyses

Summary statistics are presented as the mean+
standard deviation (SD). Differences in the serum
values from baseline to 12 weeks within each
group were calculated as the median (interquartile
range) and were compared by the Wilcoxon
matched-pair signed-rank test. The differences in
the serum values between the two groups were
compared by the non-parametric Mann—Whitney
test. All p-values of less than 0.05 were considered
significant.

Assessment of T-C, LCL-C, HDL-C, and trigly-
cerides before and after 12 weeks of endocrine
therapy were classed as primary endpoints of the
study.

Results

Table I gives the baseline values of all variables
measured for all women included in the study. The
two groups were generally well balanced. Forty-four
women completed the 12-week follow-up. In the
tamoxifen group, two women withdrew because of
hot flushes and one withdrew due to the onset of
diabetes. In the anastrozole group, one woman
withdrew due to edema of the lower leg, and one
due to administration of a hypolipidemic drug not
authorized by the protocol. Both groups maintained
their weight during the study period (data not
shown).

Serum sex hormone levels

The baseline serum hormone levels and the response
to tamoxifen and anastrozole are shown in Figure 1.
Estradiol levels before treatment were low in both
the tamoxifen and anastrozole group (34.9 and
32.0 pmol/L, respectively), thus indicating that pa-
tients in both groups were postmenopausal. Estra-
diol levels decreased significantly after treatment in
the anastrozole group (p <0.001). FSH levels were

Table I. Clinical characteristics of the study population.

Tamoxifen Anastrozole

Variables (n=22) (n=22)
Age (years) 59.34+5.9 58.7+5.4
Height (cm) 1534+6.2 155+6.7
Weight (kg) 54.7+8.3 55.6+5.6
Body mass index 23.445.4 23.1+5.5
Hypercholesterolemia, n (%) 13 (59) 12 (55)
Hypertension, n (%) 3 (14) 2 (9)
Previous coronary disease, n (%) 0 (0) 1(5)
Duration of menopause (years) 7.3+4.7 6.5+3.9

Values indicate the frequencies or mean +SD.

significantly decreased in the tamoxifen group (p =
0.001), whereas they increased significantly in the
anastrozole group (p <0.001).

Serum liprd and lipoprotein levels

The baseline serum variables and the response to 12
weeks’ treatment with tamoxifen and anastrozole are
summarized in Table II, and the percentage change
at 12 weeks from baseline for T-C, LDL-C, HDL-C,
triglycerides, and RLP-C are shown in Figure 2.

Tamoxifen significantly decreased T-C by 13.4%
(p =0.001) and LDL-C by 23.5% (p <0.001) (see
Table II). Anastrozole did not induce any changes in
T-C and LDL-C levels. The difference between the
groups was statistically significant (p <0.001).

Tamoxifen did not change HDL-C, but anastro-
zole significantly increased HDL-C by 10.2% (p <
0.001). The difference between the two groups was
statistically significant (p =0.029).

Tamoxifen increased triglycerides by 21.7% (p =
0.005) and RLP-C by 22.6%, (p=0.011), while
anastrozole decreased triglycerides by 20.1% (p =
0.003) and RLP-C by 22.2% (p<0.001). The
differences between the groups were also statistically
significant (p <0.001).

Serum apolipoprotein levels

The various serum lipoproteins have characteristic
apoprotein compositions. The protein moiety of
HDL particles consists primarily of apo A-I and
apo A-II, while the protein moiety of LDL particles
contains exclusively apo B. The levels of lipoproteins
and apolipoproteins are important independent
factors in the risk of coronary heart disease (CHD)
that require assessment [16,17]. Tamoxifen signifi-
cantly increased apo A-I by 12.9% (p <0.001) and
apo A-II by 7.1% (p =0.015). Apo B decreased by
19.4% (p <0.001) and apo E by 13.6% (p =0.002)
(see Table II).

Treatment with anastrozole was not associated
with any significant changes in serum apoprotein
levels (see Table II), although a slight increase in
Apo A-I was observed (3.6%, p =0.02).

Lipase activity

LPL and HTGL catalyze the hydrolysis of triglycer-
ides. Table III shows the activity of HTGL and LPL
before and after 12 weeks of treatment and Figure 3
shows percentage change in HT'GL and LLPL activ-
ities from baseline at 12 weeks.

Tamoxifen significantly decreased HTGL activity
by 18.8% (p <0.001), compared with anastrozole,
which increased the HTGL activity by 9.7%
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Figure 1. Effect of tamoxifen and anastrozole on the serum sex hormone levels. (A): Estradiol concentration; (B): FSH concentration. Data
are the mean +SDj; p-values for the treatment difference from baseline to after 12 weeks of treatment were determined using the Wilcoxon

matched-pair signed rank test. *p =0.001 and **p <0.001.

(p =0.124). The difference between the groups was
statistically significant (p =0.005).

In contrast, anastrozole significantly increased the
LPL activity by 10.0% (p =0.01) compared with
tamoxifen, which decreased the LPL activity by
10.3% (p=0.051). The difference between the
groups was statistically significant (p =0.007).

Discussion

Epidemiologic studies have provided data to support
the finding that elevated LDL-C and triglycerides
levels, and reduced HDL-C levels are important risk
factors for developing cardiovascular disease
[16,17]. Overall, a 1 mg/dL increase in HDL
cholesterol decreases the risk of CHD by 2-3%

[18]. A 10 mg/dL increase in LDL cholesterol
increases the risk of cardiovascular disease by
12%[19]. As a result, drugs that alter lipid profiles
may increase the risk of developing cardiovascular
disease. In the present study, we demonstrated that
anastrozole administered at a dose of 1 mg once
daily had no detrimental impact on fasted lipid
profiles over a treatment period of 12 weeks. T-C
and LDL-C levels remained unchanged; moreover,
beneficial changes associated with anastrozole treat-
ment were noted for HDL-C, triglycerides, and
RLP-C levels. We also found that anastrozole treat-
ment was associated with increased LPL activity,
which could explain why it led to a decrease in
triglyceride levels and an increase in HDL-C levels
in this study.

Table II. Effect of tamoxifen and anastrozole on fasting lipids in 44 postmenopausal women with breast cancer.

Anastrozole
(n=22)

Tamoxifen
(n=22)

Anastrozole
(n=22)

Tamoxifen
(n=22)

0 week 12 weeks 0 week 12 weeks

Difference between

Difference between

Laboratory (mean+SD (mean +SD 0 and 12 weeks (median 0 and 12 weeks (median

Test [mg/dL]) [mg/dL]) [IQ range] mg/dL) p-value [IQ range] mg/dL) p-value
T-C 217+30 188+33 213+30 215+31 —34.5 (—50.0, —15.0) 0.001 4.0 (—9.0, 17.0) 0.498
LDL-C 132+29 101426 130427 126+28 —35.5 (—44.0, —25.0) <0.001 —3.5 (—23.0, 8.0) 0.358
HDL-C 61+16 63+16 59+12 65+16 0.5 (—2.5, 6.8) 0.367 6.0 (3.3, 11.9) <0.001
Triglycerides 129441 157+64 134+61 107 +47 26.0 (0.0, 44.0) 0.005 —27.0 (—44.0, —9.0) 0.003
RLP-C 6.2+1.7 7.6+3.3 6.3+2.8 4.9+2.0 1.2 (-0.2, 1.8) 0.011 —1.3 (—2.2, —0.6) <0.001
Apo A-1 139+23 157423 138+18 143+22 15.5 (3.0, 24.0) <0.001 9.0 (—2.0, 12.0) 0.020
Apo A-I1 28+4.4 30+4.0 27+4.4 27+4.0 1.5 (—0.3, 4.6) 0.015 0.6 (—2.4, 2.6) 0.539
Apo B 103+24 83+26 103+19 102+25 —24.5 (—35.0, —6.0) <0.001 1.5 (—15.0, 8.0) 0.788
Apo C-II 3.7+1.3 3.6+1.2 4.1+1.3 4.2+1.4 0.1 (—=0.9, 0.6) 0.754 0.0 (—=0.9,0.9) 0.726
Apo C-III 8.8+1.5 9.4+2.4 9.3+24 9.3+2.2 0.4 (—0.8, 1.6) 0.265 0.1 (—1.0, 1.4) 0.975
Apo E 44408 3.84+1.2 4.4+1.0 4.5+1.0 —0.6 (—1.3, —0.3) 0.002 0.1 (—0.3,0.5) 0.256

P-values are for the difference between 12 weeks and baseline, using the Wilcoxon matched-pair signed rank test.
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Figure 2. Effect of tamoxifen and anastrozole on serum lipids.
Data are the mean +SD; p values for the difference between the
tamoxifen group and anastrozole group were determined using the
Mann—Whitney test. T-C =total cholesterol; LDL-C =low den-
sity lipoprotein cholesterol; HDL-C =high density lipoprotein
cholesterol; RLP-C =remnant like particle cholesterol.

Anastrozole and LDL-C

Postmenopausal women have higher T-C and LDL-
C levels than premenopausal women [20]; LDL-C
levels increase by 10-20% after menopause [21].
Estrogen is known to reduce serum LDL-C levels by
increasing LDL particle clearance through LDL
receptor upregulation [22]. A large increase in
LDL-C levels appears to occur early in the transition
from premenopausal to postmenopausal status [23],
when estrogen concentrations decrease from high
levels (>200 pmol/L) to low levels ( <50 pmol/L).
In this study, anastrozole caused no change in LDL-
C levels when the estrogen concentration decreased
from a low level (50 pmol/L) to an even lower level
(<10 pmol/L) (see Figure 1). We speculate that the
estrogen concentration threshold affecting choles-
terol metabolism ranges between 50 pmol/LL and

200 pmol/L. Therefore, in postmenopausal women,
lowering the estrogen concentration below 50 pmol/
L may not influence LDL-C levels.

Anastrozole and HDL-C, triglycerides, RLP-C

In this study, anastrozole increased HDL-C, and
reduced triglycerides and RLP-C levels. RLP-C,
which is reflected by remnant lipoprotein, is a new
independent risk factor for cardiovascular disease
[24]. A high level of RLP-C implies a delayed
clearance of triglyceride rich lipoprotein.

LPL is the major enzyme responsible for hydro-
lysis of circulating triglycerides. It hydrolyzes the
triglyceride moiety of chylomicrons and very low-
density lipoproteins (VLDL), thus resulting in the
biogenesis of HDL particles. Increased LPL activity
leads to low levels of VLLDL and high levels of HDL.
This enzyme is mainly produced in adipose tissue
and skeletal muscle [25]. Plasma LPL activity was
correlated with LPL activity in adipose tissue [26]
and in skeletal muscle [27].

LPL activity was investigated to determine
whether or not anastrozole has a beneficial effect
on triglyceride metabolism. Anastrozole was shown
to increase LLPL activity. Estrogen has been reported
to inhibit LPL activity in plasma [26], which
supports the finding that the effect of anastrozole
on estrogen levels may increase LPL activity (see
Table IIT and Figure 3). This increase in LPL activity
leads to the hydrolysis of triglyceride-rich lipopro-
tein, generating HDL in the process, which could
explain why anastrozole reduced triglycerides and
increased HDL-C in this study.

Enhanced LPL activity is known to increase larger
HDL particles, which are more lipid-rich and less
protein-poor [28]. Anastrozole significantly in-
creased HDL-C (10.2%, p <0.001) but increased
apoA-I slightly (3.6%, p =0.02) (see Table II and
Figure 2). As a result, anastrozole increased the

Table III. Effect of tamoxifen and anastrozole on HTGL and LPL in 44 postmenopausal women with breast cancer.

Tamoxifen (n =22)

Anastrozole (n =22)

Tamoxifen (n =22) Anastrozole (n =22)

Difference Difference
between 0 and between 0 and
12 weeks 12 weeks
(median (median
Laboratory 0 week 12 weeks 0 week 12 weeks [IQ range] [IQ range]
Test (mean+SD [pmol/ml/min]) (mean+SD [umol/ml/min]) pmol/ml/min) p-value pmol/ml/min) p-value
HTGL 0.324+0.07 0.26+0.05 0.314+0.05 0.34+0.05 —0.05 <0.001 0.04 0.124
activity (—0.08, —0.02) (—0.01,0.10)
LPL 0.39+4+0.12 0.354+0.12 0.404+0.12 0.44+0.17 —0.04 0.051 0.04 0.010
activity (—0.09, 0.02) (—0.01,0.06)

p-values are for the difference between 12 weeks and baseline, using the Wilcoxon matched-pair signed rank test.
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Figure 3. Effect of tamoxifen and anastrozole on the activity of
lipase. Data are the mean+SD; P-values for difference between
the tamoxifen group and anastrozole group were determined using
the Mann—Whitney test. LPL =lipoprotein lipase; HTGL =
hepatic triglyceride lipase.

HDL-C (cholesterol)/apoA-I (protein) molar ratio,
which indicates HDL particle size. This change of
HDL particle size suggests that anastrozole changed
lipoprotein profiles through increasing LPL activity.

Although HDL particle consists of apo-Al and
additional lipids, the new synthesis of apo-Al, which
is normally upregulated by estrogen, is reduced with
anastrozole treatment. The increase in HDL-C with
anastrozole treatment in this study does not there-
fore have to correlate with a significant increase in
overall apo-Al and apo-AlIl.

Results from the ATAC trial indicate that anastro-
zole shows an advantage over tamoxifen in terms of
fewer ischemic cerebral events and thrombotic
events [10,11]. This may be a result of the favorable
effects of anastrozole on triglycerides and HDL-C
levels.

Other reports on the effects of aromatase inhibitors on
lipid metabolism

There have been several reports on the effects of
third-generation aromatase inhibitors on lipid pro-
files in postmenopausal women with advanced breast
cancer. Dewar et al. reported that anastrozole did
not alter the non-fasting lipid levels in comparison
with baseline measurements [29].

In contrast, letrozole, which like anastrozole is a
non-steroidal, third-generation aromatase inhibitor,
has been found to increase T-C and LDL-C levels
[30]. Exemestane, a steroidal aromatase inhibitor,
may also have the potential to affect lipid profiles.
One study found it increased T-C and LDL-C levels,
decreased HDL-C and significantly decreased tri-
glyceride levels [31]. A dose-escalation study found a
significant decrease in T-C, HDL-C and total
triglycerides [32]. Conversely, 3 months’ treatment
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with exemestane indicated that it did not have a
clinically relevant effect on lipid profiles [33]. In
these studies exemestane caused a clinically signifi-
cant change in HDL-C/LDL-C ratio, an important
predictor of cardiovascular risk.

Fadrozole, another non-steroidal aromatase inhi-
bitor, did not alter lipid profiles [34]. However, a
high-dose subgroup receiving fadrozole 4 mg daily
demonstrated a significant increase in the HDL-C
level over time [34]. These data are similar to the
study presented here in which anastrozole signifi-
cantly increased HDL-C levels. Although it is
difficult to extrapolate these data into the adjuvant
setting, particularly because it is not known whether
there will be any long-term clinical relevance in
terms of cardiovascular morbidity, the results of
these studies clearly show that these third-generation
aromatase inhibitors appear to have different effects
on the serum lipid levels.

Tamoxifen and lipid metabolism

In the present study, tamoxifen decreased T-C by
13.4% and LDL-C by 23.5%. This may be due to its
partial estrogenic activity, since estrogen is known to
reduce serum LDL-C levels by increasing LDL
particle clearance through LDL receptor upregula-
tion [35]. Tamoxifen has been previously reported as
having no significant effect on HDL-C levels,
whereas it is known to increase serum apo-Al levels
[36]. Estrogen is known to upregulate hepatic apo-
Al expression and hence the increase in apo-Al may
represent an estrogen agonistic effect on apo-Al
expression, leading to increased serum apo-Al levels
but not HDL-C. In contrast, anastrozole did not
alter apo-Al and apo-All levels as it does not possess
estrogenic effects similar to tamoxifen.

Tamoxifen increased triglyceride levels by 22%
and RLP-C by 23%. In addition, it also decreased
HTGL activity by 19%. Hozumi et al. reported
tamoxifen decreased HTGL activity in postmeno-
pausal women with adjuvant breast cancer [37].
Again, this may be due to its partial estrogenic
activity, as it is well established that estrogen induces
hypertriglyceridemia through its multiple effects on
lipid metabolism, including increased synthesis of
triglyceride and decreased HTGL activity. HTGL
participates in the catabolism of triglyceride rich
lipoprotein and the lowering of enzyme activity is
accompanied by an increase in serum triglyceride
levels [38,39].

In this way, tamoxifen is considered to exhibit a
strong estrogen agonistic effect on lipoprotein meta-
bolism.
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Conclusion

It is clear that these two widely used methods of
endocrine therapy show distinct differences in their
effects on lipid metabolism. The significant favorable
effects on lipid metabolism associated with anastro-
zole are important to consider for adjuvant breast
cancer therapy.

References

[1

—

[2

—

(3

—

[4

—

(5

[t}

(6

[t}

(7

—

(8

—

[9

—

(10]

(11]

[12]

[13]

[14]

[15]

Howell A, Dowsett M. Recent advances in endocrine therapy
of breast cancer. Br Med J 1997;315:863—6.

Santen RJ, Manni A, Harvey H, Redmond C. Endocrine
treatment of breast cancer in women. Endocrine Rev
1990;11:221-65.

Murphy M]J. Molecular action and clinical relevance of
aromatase inhibitors. Oncology 1998;3:129-30.

Dowsett M. Aromatase inhibitors come of age. Ann Oncol
1997;8:631-2.

Osborne CK. Tamoxifen in the treatment of breast cancer. N
Engl ] Med 1998;339:1609-18.

Geisler J, King N, Dowsett M, et al. Influence of anastrozole
(Arimidex), a selective, non-steroidal aromatase inhibitor, on
in vivo aromatization and plasma oestrogen levels in post-
menopausal women with breast cancer. Br J Cancer
1996;74:1286-91.

Buzdar AU, Robertson JFR, Eiermann W, Nabholtz J-M. An
overview of the pharmacology of the newer generation
aromatase inhibitors anastrozole, letrozole, and exemestane.
Cancer 2002;95:2006—16.

Nabholtz JM, Buzdar A, Pollak M, et al. Anastrozole is
superior to tamoxifen as first-line therapy for advanced
breast cancer in postmenopausal women: results of North
American Multicenter randomized trial. J Clin Oncol
2000;18:3758-76.

Bonneterre J, Thiirlimann B, Robertson JF, et al. Anastro-
zole versus tamoxifen as first-line therapy for advanced breast
cancer in 668 postmenopausal women: results of the
tamoxifen or Arimidex randomized group efficacy and
tolerability study. J Clin Oncol 2000;18:3748-57.

ATAC Trialists’ Group. Anastrozole alone or in combination
with tamoxifen versus tamoxifen alone for adjuvant treat-
ment of postmenopausal women with early breast cancer:
first results of the ATAC randomised trial. Lancet
2002;395:2131-9.

ATAC Trialists’ Group. Anastrozole alone or in combination
with tamoxifen versus tamoxifen alone for adjuvant treat-
ment of postmenopausal women with early breast cancer:
results of the ATAC trial efficacy and safety update analyses.
Cancer 2003;98:1802—-10.

Sacks FM, Walsh BW. Sex hormones and lipoprotein
metabolism. Curr Opin Lipidol 1994;5:236—40.

Colditz GA, Willett WC, Stampfer M], Rosner B, Speizer
FE, Hennekens CH. Menopause and the risk of coronary
heart disease in women. N Engl J] Med 1987;316:1105—
10.

Larosa JC. Management of postmenopausal women who
have hyperlipidemia. Am ] Med 1994;96:19S-24S.

Obata T, Ito T, Yonemura A, Ayaori M, Nakamura H,
Ohsuzu F. R192Q paraoxonase gene variant is associated
with a change in HDL-cholesterol level during dietary
caloric restriction in nondiabetic healthy males. ] Atheroscler
Thromb 2003;10:57-62.

(16]

(17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26

[}

(27]

(28]

[29]

(30]

[31]

(32]

(33]

Gordon T, Castelli WP, Hjortland MC, Kannel WB,
Dawber TR. High density lipoprotein as a protective factor
against coronary heart disease. The Framingham Study. Am
J Med 1977;62:707—14.

Iso H, Naito Y, Sato S, et al. Serum triglycerides and risk of
coronary heart disease among Japanese men and women.
Am J Epidemiol 2001;153:490-9.

Gordon DJ, Probstfield JL, Garrison RJ, et al. High-density
lipoprotein cholesterol and cardiovascular disease: four
prospective American studies. Circulation 1989;79:8-15.
Howard BV, Robbins DC, Sievers ML, et al. LDL choles-
terol as a strong predictor of coronary heart disease in
diabetic individuals with insulin resistance and low LDL: the
Strong Heart Study. Arterioscler Thromb Vasc Biol
2000;20:830-5.

Li Z, McNamara JR, Fruchart JC, et al. Effect of gender and
menopausal status on plasma lipoprotein subspecies and
particle sizes. J Lipid Res 1996;37:1886—96.

Matthews KA, Meilahn E, Kuller LH, Kelsey SF, Caggiula
AW, Wing RR. Menopause and risk factors for coronary
heart disease. N Engl ] Med 1989;321:641-6.

Angelin B, Olivecrona H, Reihner E, et al. Hepatic
cholesterol metabolism in estrogen-treated men. Gastroen-
terogy 1992;103:1657—-63.

Matthews KA, Kuller LH, Sutton-Tyrrell K, Chang YF.
Changes in cardiovascular risk factors during the perimeno-
pause and postmenopause and carotid artery atherosclerosis
in healthy women. Stroke 2001;32:1104-11.

McNamara JR, Shah PK, Nakajima K, et al. Remnant-like
particle (RLP) cholesterol is an independent cardiovascular
disease risk factor in women: results from the Framingham
Heart Study. Atherosclerosis 2001;154:229-36.

Kinnunen PKJ, Vitranen JA, Vaino P. Lipoprotein lipase and
hepatic endothelial lipase: their roles in plasma lipoprotein
metabolism. Atheroscler Rev 1983;11:65-105.

Iverius PH, Brunzell JD. Relationship between lipoprotein
lipase activity and plasma sex steroid level in obese women. J
Clin Invest 1988;82:1106-12.

Reitman JS, Kosmakos FC, Howard BV, Taskinen MR,
Kuusi T, Nikkila EA. Characterization of lipase activities in
obese Pima Indians decreases with weight reduction. J Clin
Invest 1982;70:791-7.

Tall AR, Green PH, Glickman RM, Riley JW. Metabolic fate
of chylomicron phospholipids and apoproteins in the rat. J
Clin Invest 1979;64:977 —809.

Dewar ], Nabholtz J-M, Bonneterre ]J. The effect of
anastrozole (Arimidex) on serum lipids: data from a rando-
mized comparison of anastrozole (AN) versus tamoxifen
(TAM) in postmenopausal women with advanced breast
cancer (ABC). Breast Cancer Res Treat 2001;69:224
[Abstract 164].

Elisaf MS, Bairaktari ET, Nicolaides C, et al. Effect of
letrozole on the lipid profile in postmenopausal women with
breast cancer. Eur J Cancer 2001;37:1510-3.

Lohrisch C, Paridaens R, Dirix LY, et al. No adverse impact
on serum lipids of the irreversible aromatase inactivator
Aromasin (R) (exemestane (E)) in the 1st-line treatment of
metastatic breast cancer (MBC): companion study to an
EORTC trial. Proc American Society Clinical Oncology
2001;20(Pt 1):43a, [Abstract 167].

Engan T, Krane ], Johannessen DC, Kvinnsland S. Plasma
changes in breast cancer patients during endocrine therapy-
lipids measurements and nuclear magnetic resonance
(NMR) spectroscopy. Breast Cancer Res Treat
1995;36:287-97.

Kataja V, Hietanen P, Joensuu H, et al. The effects of
adjuvant anastrozole, exemestane, tamoxifen and toremifene



(34]

(35]

on serum lipids in postmenopausal women with breast
cancer—a randomised study. Breast Cancer Res Treat
2002;76:S156 [Abstract 634].

Costa LA, Kopreski MS, Demers LM, et al. Effect of the
potent hydrochloride
(CGS16949A) in postmenopausal women with breast carci-
noma. Cancer 1999;85:100-3.

Windler E, Kovarten PT, Caos YS, Brown MS, Havel R],
Goldstein JL. The estradiol stimulated lipoprotein receptor
of rat liver: a binding site that mediates uptake of rat
lipoproteins containing apoprotein B and E. J Biol Chem
1980;255:10464—-71.

aromatase inhibitor fadrozole

(36]

[37]

(38]

(39]

Anuiestrogen therapy and lipid metabolism 141

Love RR, Wiebe DA, Feyzi JM, et al. Effects of tamoxifen on
cardiovascular risk factors in postmenopausal women after 5
years of treatment. ] Natl Cancer Inst 1994;86:1534-9.
Hozumi Y, Kawano M, Saito T, Miyata M. Effect of
tamoxifen on serum lipid metabolism. J Clin Endocrinol
Metab 1998;83:1633-5.

Applebaum-Bowden D, McLean P, Steinmetz A, et al.
Lipoprotein, apolipoprotein, and lipolytic enzymes following
estrogen administration in postmenopausal women. J Lipid
Res 1989;30:1895-906.

Tikkanen M]J, Nikkila EA. Regulation of hepatic lipase and
serum lipoproteins by sex steroids. Am Heart ]
1987;113:562-17.



