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Preventive effects of letrozole in the model of premenopausal
mammary carcinogenesis
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Single – agent therapy with aromatase inhibitors has no established role in premenopausal women with breast cancer. In
this study, tumor suppressive effects of letrozole in the prevention of N-methyl-N-nitrosourea – induced mammary
carcinogenesis in female Sprague-Dawley rats were evaluated. Letrozole was dietary administered in two concentrations – 1
mg/1 kg (LETRO 1), and 10 mg/1 kg (LETRO 10). Letrozole suppressed incidence of mammary gland cancer by 93 %
(P<0.00002) in the group LETRO 1 in comparison with control animals. Total suppression of mammary carcinogenesis was
observed in the group LETRO 10. In the groups with letrozole, uterine and vaginal atrophy was found at the end of experiment.
In letrozole – treated animals in comparison with untreated animals, increased plasmatic triacylglycerol concentrations
(P<0.0001) were observed, but total cholesterol and cholesterol of low- and high- density lipoprotein fractions were not
significantly changed. An increase in body weight gain and food intake was found in the groups LETRO 1 and LETRO 10
compared with the control group (P<0.0001).

The present study points to high tumor suppressive effects of letrozole in premenopausal model of mammary
carcinogenesis in female rats.
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Aromatase inhibitors have revolutionized the treatment of
postmenopausal women with hormone receptor – positive breast
cancer. Aromatase inhibitors are now the first choice endocrine
therapy in the metastatic breast cancer of postmenopausal
women. These endocrine agents also seem likely to become
soon the standard adjuvant therapy for postmenopausal patients
with hormone – responsive breast cancer, either alone or in
sequence with tamoxifen. There is evidence, that third genera-
tion aromatase inhibitor letrozole, is superior to tamoxifen in
adjuvant treatment [1, 2] and in treatment of metastatic disease
[3] for postmenopausal women with estrogen receptor – posi-
tive breast cancer. Some trials showed that aromatase inhibitors
reduced the incidence of contralateral breast cancer [4, 1, 5].
The data of these trials point out to fact that aromatase inhibi-
tors could be useful in the prevention of breast cancer in women
with increased risk of developing the disease. In direct com-

parisons with tamoxifen in adjuvant therapy, aromatase inhibi-
tors have a better toxicity profile with fewer patients stopping
therapy because of drug – related adverse effects. These data
have prompted breast cancer chemoprevention trials with
aromatase inhibitors. Results of ongoing trials using exemestane
and anastrozole may indicate a role for aromatase inhibitors in
the prevention of breast cancer.

Based on mechanism of action, aromatase inhibitors are
primarily used in the postmenopausal population and single
– agent therapy with aromatase inhibitors has no established
role in premenopausal breast cancer patients. It is known, that
premenopausal ovaries are relatively resistant to blockade with
first generation aromatase inhibitors [6]. Several experimen-
tal methods have been used to determine the biological
importance of breast in situ estrogen production versus up-
take of estradiol from plasma by breast tissue [7, 8, 9, 10].
Results of above cited experiments suggested the importance
of in situ estrogen production in the breast and led to the hy-
pothesis that an important determinant of tissue estradiol levels* Corresponding Author
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is local production in the mammary gland. There is also clini-
cal evidence suggesting that local production of estrogens may
contribute to breast tumor growth [11, 12, 13]. Based on this
hypothesis, the estradiol levels in breast tissue itself would be
an important predictor of later carcinogenesis in the mam-
mary gland and therefore intratumoral aromatase could be
a potential therapeutic target. The efficacy and toxicity of
aromatase inhibitors in the treatment of premenopausal breast
cancer patients are discussed among oncologists [14, 15, 16].
For reasons mentioned above, research on the use of aromatase
inhibitors in premenopausal population with estrogen recep-
tor – positive breast cancer in adjuvant or preventive settings
is required.

Our model of mammary carcinogenesis in female rats
mimics situation in high risk premenopausal women (e.g.
with positive family history of breast cancer). The aim of
this experiment is to evaluate the oncostatic activity of
aromatase inhibitor letrozole in the chemoprevention of
mammary gland cancer in female Sprague-Dawley rats. The
adverse effects of letrozole in rats will be evaluated in this
experiment.

Materials and methods

Female rats of Sprague-Dawley strain obtained from AnLab
(Prague, Czech Republic) aged 33 – 37 days were used in the
experiment. The animals were adapted to standard vivarium con-
ditions. During the experiment, animals drank tap water ad
libitum. The chow containing letrozole (Femara) synthesized by
Novartis was prepared at Kocanda Mill (Prague, Czech Repub-
lic). Letrozole was administered in the chow in two concentrations
– 1 mg/1 kg (0.0001 %), and 10 mg/1 kg (0.001 %). Mammary
carcinogenesis was induced by N-methyl-N-nitrosourea (NMU)
(Sigma, Deisenhofen, Germany) administered in two intraperi-
toneal doses (50 mg/kg b.w.) on average postnatal days 44 and
51. Chemoprevention with letrozole began 7 days before carcino-
gen administration and lasted until the end of the experiment –
17 weeks after NMU application. Animals were randomly as-
signed to one of three experimental groups: (1) control group
without chemoprevention; (2) chemoprevention with letrozole
in concentration of 1 mg/1 kg of chow (LETRO 1); (3)
chemoprevention with letrozole in concentration of 10 mg/1 kg

of chow (LETRO 10). Each group consisted of 20 animals. The
animals were weekly weighed and palpated in order to register
the presence, number, location and size of each palpable tumor.

In the last – 17th week of the experiment (dated from the
first NMU injection), the animals were quickly decapitated.
The mammary tumors, the uterus as well as the vagina of
each animal were excised and the tumor size was recorded.
The effect of letrozole on uterine and vaginal weights (abso-
lute and relative) was observed. Specimens of mammary
tumors, uteri and vaginas were fixed in 10% buffered forma-
lin and were embedded in paraffin using conventional
automated systems. The blocks were cut to obtain 4 to 5 mm
thick sections and were stained with hematoxylin-eosin. His-
topathologic examination was performed by light microscopy.
Blood was collected, at sacrifice, from each animal. In the
serum, the concentrations of triacylglycerols, total cholesterol,
and cholesterol values of the low-density lipoprotein (LDL),
and high-density lipoprotein (HDL) fractions were measured.
Lipid metabolism changes were measured by automatic bio-
chemical analyser AU 640 (Olympus).

The tumors were classified according to the criteria for the
classification of rat mammary tumors [17]. The following
parameters of mammary carcinogenesis were evaluated in each
group: tumor incidence as the percentage representation of
tumor bearing animals, tumor frequency as the number of
tumors per group, cumulative tumor volume as the sum of
tumor volumes in the group and latency period determined
by the period from carcinogen administration to the appear-
ance of first tumor in an animal.

The individual body weight gain of animals was recorded
from prevention initiation till the end of the experiment. Food
intake of animals during 24 h in 8th and 16th week after car-
cinogen administration was observed.

Tumor incidence was evaluated by Mann-Whitney U-test,
other parameters by one-way analysis of variance (ANOVA) or
Kruskal-Wallis test. Tumor volume was calculated according
to: V = π  (S1)

2 S2 / 12; S1 and S2 are tumor diameters (S1 < S2).

Results

In generally remarkable tumor suppressive effect of
letrozole in the prevention of mammary carcinogenesis in fe-

Table 1. Chemopreventive effects of letrozole in NMU-induced mammary carcinogenesis in female Sprague-Dawley rats at the end of experiment.

Group CONT LETRO 1 LETRO 10
all animals / tumor bearing animals 20 / 15 19 / 1 19 / 0
number of tumors 32 1 0
tumor incidence (%) 75.0 5.2 a (- 93 %) 0
tumor frequency per group* 1.60±0.29 0.05±0.05 a (- 97 %) 0
tumor latency* (days) 98.00±2.82 112.00±0 (+ 14.5 %) –
cumulative tumor volume** (cm3) 14.14 4.15 (- 70.5 %) 0

CONT – control group, LETRO 1 – group with administered letrozole in concentration of 1 mg/kg in food, LETRO 10 – group with administered letrozole
in concentration of 10 mg/kg in food. *Data are expressed as means±SEM, **data are expressed as a sum of volumes. Values in brackets are calculated as
%-ual deviation from the 100% of non-influenced control group. Significantly different, a P<0.00002 vs CONT
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male Sprague-Dawley rats were observed (Table 1). Histopa-
thology of mammary tumors: in the control group, 32
mammary tumors were evaluated, 29 malignant and 3 benign
(91: 9 %). Adenocarcinomas were cribriform (20), tubular
(3), tubulo-alveolar (2), papillary (2), alveolar (1) and comedo
(1). Benign lesions were 2 adenomas and 1 fibroadenoma.
Only one tumor – fibroadenoma in the group LETRO 1 was
observed. The diffuse high-grade malignant lymphoma infil-
trations in the liver and spleen were observed in one animal
of the group LETRO 1 and two animals of the group LETRO
10.

After 18 weeks of letrozole administration, reduced abso-
lute and relative uterine and vaginal weights (P < 0.0001) in
both treated groups in comparison with the control group were
observed (Table 2). Decreased endometrial thickness and en-
dometrial atrophy after letrozole administration were noted
(Figure 1). This atrophy was characterized by the reduction

of number and presence of smaller endometrial glands. His-
topathologic examination of vaginal epithelium showed also
atrophic changes. While in untreated animals the vaginal epi-
thelium was composed of stratified squamous epithelial cells,
in letrozole – treated animals was composed of epithelium
with 2 – 6 layers in group LETRO 1, or only 2 layers in group
LETRO 10, respectively (Figure 2).

With regard to lipid metabolism, letrozole increased the
plasma levels of triacylglycerols in both letrozole – treated
groups in comparison with control animals (P<0.0001). Sig-
nificant changes in total cholesterol, LDL- and HDL-
cholesterol between treated and untreated animals were not
exhibited (Table 3).

Evaluation of body weight gain (Table 2) and food intake
revealed significant increase in letrozole – treated groups
(P<0.0001). The increase in body weight was reflected mainly
in an increased of body fat content. An increase in the body

 

Table 2. Effects of letrozole on uterine, vaginal and body weights.

Group uterine wet weight vaginal wet weight body weight gain (g)

absolute (g) relative* (%) absolute (g) relative* (%)
CONT 0.541±0.031 0.205±0.013 0.176±0.005 0.066±0.002 129.15±5.40
LETRO 1 0.238±0.019 a 0.067±0.006 a 0.159±0.011 0.043±0.003 a 235.37±12.13 a

LETRO 10 0.122±0.004 a,b 0.032±0.001 a,b 0.143±0.010 c 0.038±0.003 a 237.63±10.56 a

Data are expressed as means±SEM. *Relative organ weight (%) = [absolute organ weight (g) / body weight (g)] x 100. Significantly different, a P<0.0001
vs CONT, b P<0.0001 vs LETRO 1, c P<0.01 vs CONT

A B C

Figure 1. Uterine histology after 18 weeks of letrozole administration. Uterine atrophy (B, C) is characterized by a decrease of endometrial thickness
in letrozole – treated rats in comparison with control animals (A).
A – control group, B – group LETRO 1, C – group LETRO 10. Magnification: 40x (A, B) and 100x (C).

Table 3. Effects of letrozole on plasma lipid metabolism.

Group Total cholesterol (mmol/l) HDL- cholesterol (mmol/l) LDL- cholesterol (mmol/l) Triacylglycerols (mmol/l)

CONT 1.35±0.05 0.52±0.02 0.11±0.01 0.67±0.04
LETRO 1 1.35±0.07 0.50±0.02 0.14±0.01 1.33±0.15 a

LETRO 10 1.52±0.12 0.48±0.03 0.23±0.07 1.36±0.11 a

Data are expressed as means±SEM. Significantly different, a P<0.0001 vs CONT
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weight markedly correlated with increase in food intake in
rats from groups LETRO 1 and LETRO 10 (r=0.80, P<0.0001
or r=0.81, P<0.0001, respectively). An average daily food in-
take per rat was: 15.63±0.39 g (control group), 19.77±0.57
g (LETRO 1) and 20.24±0.42 g (LETRO 10). The letrozole
doses were calculated in accordance with the amount of chow
consumed, measured in 8th and 16th week of the experiment.
An average daily dose of drug per rat was 19.8 μg in group
LETRO 1 and 202.4 μg in group LETRO 10.

Discussion

This study is the first report on tumor suppressive ef-
fects of letrozole in model of premenopausal mammary
carcinogenesis in female Sprague-Dawley rats. Antitumor
effect of letrozole was recorded in all evaluated param-
eters of mammary carcinogenesis. The daily average dose
of letrozole – 19.8 μg per rat (group LETRO 1) used in our
experiment is equivalent to daily clinical dose of Femara
administered in postmenopausal breast cancer patients. This
experiment provided a rationale for clinical trials of
letrozole in premenopausal breast cancer patients.

Estrogens play an important role in many physiological
processes and systems, like the urogenital or the cardiovascu-
lar. Several adverse effects of letrozole in our experiment were
observed. Histological examination showed atrophic changes
of the uterus and vagina in letrozole – treated animals, what
points out to drug’s antiestrogenic effects on rat genital sys-
tem in our preclinical model of premenopausal breast cancer.
These histopathological changes were dose dependent. Simi-
lar effects of letrozole on the rat uterus were noted also in
other experimental studies in rats [18, 19]. The effects of
chronic aromatase inhibitor administration are being assessed
in adjuvant therapy and prevention trials and will be key fac-
tor in determining the usefulness of these agents in long –
term therapy settings.

The plasma estradiol deprivation observed after treatment
with aromatase inhibitors is the risk factor for serum lipid
metabolism changes in patients. Letrozole in MA-17 study of
the National Cancer Institute of Canada’s Clinical Trial Group
did not significantly alter serum cholesterol, HDL cholesterol,
LDL cholesterol or triglycerides in postmenopausal women
treated up to 36 months following at least 5 years of adjuvant
tamoxifen therapy [20]. Also incidence of cardiovascular
events in letrozole group of MA-17 study did not reach statis-
tical significance in comparison with control group. In our
study a significant increase in serum triacylglycerols and no
significant changes in total cholesterol and cholesterol in high-
and low- density lipoprotein fractions were found. In the study
of Goss et al. [21] letrozole given to ovariectomized rats had
no effects of serum cholesterol and low-density lipoprotein
cholesterol in comparison with control animals. Potential ad-
verse effects on the cardiovascular system – specifically
on lipid metabolism in clinical trials have not been conclu-
sively demonstrated. Therefore a new generation aromatase
inhibitors, including letrozole, are now being introduced
for the adjuvant breast cancer treatment of postmenopausal
women.

Actions of estradiol on many aspects of physiological and
behavioural regulation of energy balance are well – know [22,
23]. A hypothesis about the role of estradiol in mediating
leptin‘s effects on body weight exists. Significant increase of
food intake in letrozole – treated rats characterized by increase
in body weight and body fat content in our experiment was
observed. This result points out to antiestrogenic effect of
letrozole on food intake regulations in rats.

Aromatase inhibitors are now the first choice endocrine
therapy in the metastatic setting for postmenopausal women.
These endocrine agents also seem likely to soon become the
standard adjuvant therapy for postmenopausal patients with
hormone – responsive breast cancer, either alone or in se-
quence with tamoxifen, but monitoring and management of

A  B C

Figure 2. Effects of 18 weeks of letrozole treatment on vaginal histology. Atrophic vaginal epithelium (B, C) in letrozole – treated rats is characterized
by a reduction of epithelium cell layers compared with control animals (A).
A – control group, B – group LETRO 1, C – group LETRO 10.
Magnification: 200x (A, B, C).
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bone decalcification associated with their application are es-
sential and are being addressed in ongoing trials. Further
studies with longer follow – up are required to clarify the ef-
fects of aromatase inhibitors on lipid metabolism and
cardiovascular health. The results from the aromatase inhibi-
tor prevention trials with the identification of breast cancer
risk reduction are awaited with interest. The role of aromatase
inhibitors in premenopausal breast cancer patients is area of
next exploration. Premenopausal administration of letrozole
in humans will be limited by adverse effects of the drug and
risk/benefit ratio will be considered.
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