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Aromatase inhibitors have emerged as an alternative endocrine therapy for the 
treatment of hormone sensitive breast cancer in postmenopausal women. The 
use of third-generation inhibitors represented by exemestane, letrozol and 
anastrozole is currently indicated. Anastrozole is a nonsteroidal compound and 
a potent selective inhibitor of the aromatase enzyme. Although a few studies 
have shown that its pharmacodynamic and pharmacokinetic properties may be 
affected by interindividual variability, this drug has been recently used in all 
configurations of breast cancer treatment. In metastatic disease, it is currently 
considered the first-line treatment for postmenopausal women with estrogen 
receptor-positive breast tumors. Anastrozole has shown promising results in the 
adjuvant treatment of early-stage breast cancer in postmenopausal women. It 
has also achieved interesting results in the chemoprevention of the disease. 
Therefore, due to the importance of anastrozole both for endocrine treatment 
and chemoprevention of hormone-sensitive breast cancer in postmenopausal 
women, we proposed the current literature review in the SciELO and PubMed 
database of articles published in the last 10 years.  

Keywords: aromatase inhibitors, chemoprevention, breast neoplasms, 
pharmacokinetics.

introduction
Breast cancer is one of the most commonly diagnosed 
types of cancer in women, presenting high incidence rates 
in developed regions of the world compared with develop-
ing ones. Incidence rates of the disease range from 27 
cases per 100,000 women in Eastern Africa to 96 cases per 
100,000 women in Western Europe.1,2 Breast cancer is 
characterized as a multifactorial disease and its develop-
ment has been reported as the result of complex interac-
tions between an individual’s genoma and the environ-
ment.3 Prolonged exposure to estrogene plus progesterone 
plays a significant role in the etiology of breast carcinoma 
and biosynthesis pathway of estrogens is thus an impor-
tant therapeutic target.4

The main enzyme involved in estrogen biosynthesis 
is CYP19A1 or aromatase that belongs to the cytochrome 
P450 family and is predominantly located in the liver, 
adrenal glands and fatty tissue.5 However, the source of 

estrogen varies widely between premenopausal and post-
menopausal women (Figure 1).6 In premenopausal wom-
en, the main source of estrogen is the ovary, while in 
postmenopausal women, estrogen is derived from the 
conversion of androgens into estrogens (through the 
aromatase enzyme). In particular, testosterone is con-
verted into estradiol, androstenedione into estrone and 
16-alpha-hydroxytestosterone into estriol (Figure 2), 
originating from the peripheral tissues, including the 
skin, fatty tissue and breast. Therefore, the aromatase 
enzyme directly affects estrogen biosynthesis in the breast 
and it is believed that this enzyme plays an important 
role in the progression of breast cancer.7,8

Aromatase inhibitors (AIs) have recently been ap-
proved as a first-line endocrine therapy for postmeno-
pausal women with hormone-sensitive and metastatic 
breast cancer.9,10 There are three generations of AIs and 
the last, represented by exemestane, letrozol and anastro-
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Source: adapted from Freedman et al.6

FIGURE 2 Molecular structure of the androgen substrates of aromatase and the corresponding estrogen products.
Source: adapted from Di Nardo and Gilardi.8
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zole, is the one with the most widely recommended drugs, 
due to their high specificity for the aromatase enzyme 
and less adverse effects compared with the previous gen-
erations of AI drugs (Figure 3). Exemestane is a steroidal 
compound that forms covalent bonds with aromatase, 
and this type of inhibition is irreversible and can only be 
overcome by the synthesis of a new enzyme. Letrozol and 
anastrozole are nonsteroidal compounds with reversible 
action and are competitive AIs.11,12

Anastrozole and all third-generation compounds have 
become endocrine drugs of choice for postmenopausal 
breast cancer patients, as they are associated with a stron-
ger activity and better general tolerability compared with 
tamoxifen (TAM), a first-generation selective estrogen 
receptor modulator (SERM)13 that has been associated 
with potentially fatal adverse effects such as an increased 
incidence of endometrial cancer, thromboembolism and 
cerebrovascular event.14 However, there are few studies 
particularly on the pharmacodynamic and pharmacoki-
netic properties of anastrozole and its use in the chemo-
prevention and treatment of breast cancer.

In this review, we will discuss the pharmacodynam-
ic and pharmacokinetic properties of anastrozole, as 
well as its use in the chemoprevention and treatment of 
breast cancer. 

pharMacodYnaMic properties of anastrozole
Anastrozole is a derivative of benzotriazole marketed as 
ARIMIDEX® by AstraZeneca Pharmaceuticals LP. Simi-
larly to other AIs, it has an inhibitory action on aromatase, 
thus blocking the conversion of testosterone into estra-
diol and androstenedione into estrone (Figure 4).15-18 In-
hibition of the aromatase enzyme occurs particularly 
through competitive binding of aromatase to the heme 
group of cytochrome P450, decreasing estrogen biosynthe-
sis in the peripheral tissues of the body and in the breast.19

Anastrozole has significant effects on breast can-
cer treatment and, therefore, it is currently used as first-

-line treatment in estrogen receptor (ER)-positive post-
menopausal women, particularly to treat locally advanced 
or metastatic breast cancer. Furthermore, it is also indi-
cated for early cancer treatment, tumor chemopreven-
tion and postmenopausal women using TAM, especial-
ly if the drug is used during a prolonged period of time 
and has been indicated in the disease’s recurrence, i.e., 
as another therapeutic endocrine option.9,10

Prolonged use of anastrozole has no effects on the 
concentrations of steroid hormones cortisol, aldosterone, 
androstenedione and 16-hydroxyprogesterone, confirm-

ing that it is highly selective for the inhibition of aroma-
tase without interfering in other pathways of adrenal 
stereoidogenesis. The lack of alterations in luteinizing 
hormone and folllicle-stimulating hormone demonstrates 
that anastrozole has no estrogenic, progestational or 
androgenic activity, and it does not affect the synthesis 
of gonadotropins.8,20 

pharMacokinetic properties of anastrozole
Some studies were conducted in an attempt to identify the 
daily dose required for anastrozole to promote aromatase 
inhibition and decrease estrogen synthesis. The results 
showed that a daily dose of 1 mg of anastrozole was the 
minimum capable of consistently supressing estrone and 
estradiol at the limit detectable by radioimmunoassay.18,21 
However, recent studies have reported that a daily dose of 
1 mg may not benefit all breast cancer patients because 
interindividual variability may alter the efficacy and toler-
ability of anastrozole,22,23 interfering in its pharmacody-
namic and or pharmacokinetic properties.24

Administered orally during fasting, anastrozole is rap-
idly absorbed. After meals, however, it has a slower absorp-
tion rate. In the recommended dose of 1 mg, anastrozole 
achieves maximum plasma concentrations within 2 hours 
after its administration and, after seven days, approxi-
mately 90 to 95% of its plasma concentrations are obtained. 
Less than 10% of anastrozole is excreted in the form of un-
altered drug, while 60% are excreted as metabolites.17,18

Anastrozole is metabolized in the liver, involving 
N-dealkylation, hydroxylation and glucuronidation 
reactions, leading to a mean plasmatic half-life of 50 
hours, which indicates that the administration of a 
single daily dose of the drug is adequate. The three main 
metabolites of anastrozole observed in the plasma and 
urine of human patients are: triazol, hydroxy-anastrozole 
glucuronide and anastrozole glucuronide. Triazole is 
the main metabolite; however, it is inactive and does not 
suppress, along with two other metabolites, the activity 
of aromatase. The excretion of these metabolites is main-
ly through urine.22,25 

The main side effects of anastrozole use include hot 
flashes (35%), asthenia (17%), headache (13%) and edema 
(10%). Nausea is the most common gastrointestinal side 
effect (19%), while diarrhea, constipation, abdominal pain 
and anorexia are less frequently reported (8%).26 Neverthe-
less, in addition to these effects, studies have recently 
identified the presence of muscle and joint pain, as well 
as a significant increase in the loss of bone mass, leading 
to increased incidence of osteopenia and osteoporosis.23,27 
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Metastatic setting
AIs, including anastrozole, are commonly used for first-
-line treatment of hormone receptor-positive postmeno-
pausal women with metastatic breast cancer.28 The com-
bination strategy of AIs and the selective ER degrader 
fulvestrant has been investigated. The Fulvestrant and 
Anastrozole Combination Therapy (FACT) trial was a 
randomized study involving 514 postmenopausal wom-
en allocated into a treatment group with anastrozole and 
another group that received a combination of fulvestrant 
and anastrozole. This trial did not reveal significant dif-
ferences in median time of disease progression and over-
all survival when both groups were compared.29 In contrast, 
the Southwestern Oncology Group (SWOG) S226 trial 
had a design similar to the FACT trial and included 707 
patients, who demonstrated not only a significant im-
provement in disease-free survival (DFS) but also advan-
tages in overall survival (OS). This study involved a large 
number of patients with recurrent metastasis who had 
not received previous endocrine therapy and who seemed 
to have more benefits from the combination of fulvestrant 
and anastrozole.30 

The Faslodex Versus Exemestane With/Without 
Arimidex (SoFEA) trial aimed to evaluate endocrine re-
sistance in postmenopausal patients through the combi-
nation of fulvestrant and anastrozole versus fulvestrant 
versus exemestane, and did not demostrate any benefits 
to the groups of patients treated with fulvestrant and 
exemestane alone. These data suggest that treatment with 
fulvestrant combined with anastrozole may offer advan-
tages to postmenopausal women with metastatic recur-
rence and there seems to be no significant benefit from 
the combination of fulvestrant and anastrozole in patients 
with endocrine resistance who had previously received 
endocrine therapy.31

adJuvant setting
The use of AIs has been widely investigated in postmeno-
pausal women with early breast cancer.32 Several strategies 
have been investigated comparing the benefits of AIs and 
TAM in the adjuvant setting.33 For initial treatment strat-
egy for breast cancer, both anastrozole and letrozol have 
demonstrated a significant improvement in DFS after 5 
years of study compared to the use of TAM alone or com-
bined with anastrozole during the same time period. Nev-
ertheless, a significant improvement in OS was not observed 
in these studies, probably due to crossover of a considerable 
number of patients after publication of the studies.  Despite 
this fact, anastrozole and letrozol seemed to be better tol-
erated, with fewer serious adverse events related to treatment, 

in comparison to TAM. Contrary to the benefit derived 
from the combination of AIs and the selective ER modula-
tor, the administration of anastrozole combined with TAM 
in the ATAC study demonstrated damaging effects on DFS 
compared to the sole use of anastrozole.34

In an attempt to change strategies, some clinical tri-
als compared 5 years of TAM with the sequential TAM 
treatment for 2-3 years followed by AIs.35-38 All these trials 
demonstrated a significant improvement in DFS among 
patients who received sequential treatment compared to 
TAM alone. Furthermore, a meta-analysis conducted on 
adjuvant breast cancer treatments indicated that the AIs 
anastrozole, letrozol and exemestane consistently pre-
sented lower recurrence rates compared to the use of TAM, 
either as initial therapy or after 2-3 years of TAM therapy. 
These studies provide clear evidence that AIs (anastrozole, 
letrozol and exemestane) achieve a significant reduction 
in the recurrence rates of early breast cancer.31

The Breast International Group (BIG) 1-98 trial was 
the only study that directly compared a sequential AI 
treatment followed by TAM, the inverse sequence, and 
the initial treatment with AIs and TAM only. There was 
no statistically significant difference between both arms 
of sequential treatment. Nevertheless, a higher number of 
relapses occurred during the first years of TAM treatment 
followed by AI, particularly in patients with lymph node 
involvement. Therefore, this study suggests that patients 
at high-risk or those with axillary nodal involvement 
should initially use anastrozole or letrozol; in case of in-
tolerance due to the use of these AIs, a change to TAM 
after 2-3 years on AIs may be considered, since there was 
no statistically significant difference in DFS among pa-
tients who received 5 years of AI treatment compared with 
2-3 years of AI treatment followed by TAM.35

 
neoadJuvant setting
The use of anastrozole in the neoadjuvant setting for the 
treatment of early-stage breast cancer was investigated 
by a study that compared anastrozole and TAM as neo-
adjuvant therapy for breast cancer in premenopausal 
women receiving goserelin. It was observed that respon-
siveness improved after 24 weeks of treatment in women 
using anastrozole. This study suggests that the combina-
tion of anastrozole and goserelin represents an alternative 
to neoadjuvant treatment and an option for premeno-
pausal women with early stage breast cancer.39

cheMoprevention
The side effects of AIs are limited compared to those of 
TAM (risk of endometrial cancer and venous thrombo-
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embolism), and effectiveness of AIs in breast cancer treat-
ment has been demonstrated. Therefore, there has been 
great interest in the use of AIs for breast cancer chemo-
prevention. However, in the configuration of the chemo-
prevention programs, AIs have not yet been approved.40,41 
In recent years, two clinical trials have reported their main 
results on cancer prevention using AIs: the Mammary 
Prevention 3 Study (MAP3) and the International Breast 
Cancer Intervention Study-II (IBIS-II).

The MAP3 trial involved the randomization of 4,500 
postmenopausal women at risk of developing breast can-
cer, who were allocated into two groups, exemestane and 
placebo, for 5 years. After a mean 35 month follow-up pe-
riod, a 65% reduction in invasive breast cancers was observed 
in women using exemestane and no effect was observed in 
ER-negative women. No significant differences in side ef-
fects were found between groups, suggesting a good risk-
-benefit profile. However, the limitation of this study was 
the short follow-up period, which was only 35 months. Due 
to this, the MAP3 trial does not allow for any conclusions 
on the long term safety and efficacy of this drug.42 

The aim of the IBIS-II trial was to evaluate the effi-
cacy and safety of anastrozole for breast cancer prevention 
in high-risk postmenopausal women. The IBIS-II assessed 
only anastrozole versus placebo due to more effective 
action of  anastrozole in breast cancer chemoprevention 
of postmenopausal women compared to tamoxifen.43 For 
that trial, postmenopausal women (n=3,864) were ran-
domized into a group using 1 mg of anastrozole daily or 
a group treated with a placebo. After a median follow-up 
period of 5 years, it could be observed that anastrozole 
significantly reduced the diagnosis of invasive breast 
cancer, and ductal carcinoma in situ, similarly to the 
results reported in the MAP3 trial. Also similarly to the 
MAP3 trial, it was found that anastrozole had no effect 
on ER-negative women. The strengths of this study were 
the large number of cancers reported and the mean follow-

-up period of 5 years. All women in the study continue the 
long-term follow-up in a blinded fashion. This is impor-
tant because the long-term global efficacy of anastrozole 
and other AIs has not yet been established for healthy 
postmenopausal women who are at increased risk of 
developing breast cancer.43

The decline in invasive breast carcinoma observed with 
the use of exemestane and anastrozole was greater than 
that observed with TAM or any other SERM, and these 
results indicate that both drugs are attractive options for 
the prevention of breast cancer in postmenopausal women 
at increased risk of developing the disease.40

aniMal Models
The chemopreventive effects of anastrozole have also been 
investigated in animal models. Significant improvement in 
tumor supression was observed after induction of premeno-
pausal breast carcinogenesis in rats. The incidence of tumor 
supression was 40% with the use of a dose of 0.5 mg/kg of 
anastrozole. In addition, there were no adverse effects on 
the genital system, lipid and bone metabolism of the rats. 
Nevertheless, an increase in body weight was observed.44

A similar study evaluated the side effects of anastro-
zole as a chemopreventive agent in the induction of pre-
menopausal breast carcinogenesis in rats. In rats given a 
dose of 0.5 mg/kg of anastrozole, there were no macro-
scopic alterations in the uterus and vagina, histological 
exam showed no atrophic changes in the endometrium 
and vaginal epithelium, although the myometrium was 
significantly thicker. Changes in lipid metabolism and 
serum levels of sex hormones were not observed. How-
ever, a significant increase in cortical bone thickness and 
body weight was found.45 

conclusion
Anastrozole is one of the third-generation AIs, a highly 
competitive and selective inhibitor of aromatase, which is 
the enzyme responsible for the conversion of androgens 
into estrogen in postmenopausal women. Large studies 
have demonstrated the effective use of a daily dose of 1 mg 
of anastrozole in these women. Anastrozole has a sig-
nificant action in metastatic disease, as well as in the 
adjuvant treatment and chemoprevention of breast can-
cer. However, recent studies have shown that interindi-
vidual variability may affect pharmacodynamic and phar-
macokinetic properties while using this dose in some 
women. Anastrozole may be used as an option for efficient 
and tolerable endocrine treatment in all stages of cancer 
in the majority of postmenopausal women.  

resuMo

Uso do anastrozol na quimioprevenção e no tratamento 
do câncer de mama: uma revisão da literatura

Os inibidores de aromatase têm emergido como uma 
endocrinoterapia alternativa para o tratamento de câncer 
de mama sensível a hormônios em mulheres pós-meno-
páusicas. A utilização de inibidores de terceira geração, 
representados por exemestano, letrozol e anastrozol, é 
atualmente indicada. Anastrozol é um composto não 
esteroide e um inibidor potente e seletivo da enzima aro-
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matase. Embora alguns estudos tenham demonstrado 
que as suas propriedades farmacodinâmicas e farmaco-
cinéticas podem ser afetadas pela variabilidade interindi-
vidual, esse fármaco tem sido recentemente utilizado em 
todas as configurações de tratamento do câncer de mama. 
Na doença metastática, é atualmente considerado o tra-
tamento de primeira linha em mulheres pós-menopáusi-
cas com tumores de mama e receptor de estrogênio posi-
tivo. O anastrozol tem mostrado resultados promissores 
no tratamento adjuvante do câncer de mama em estágio 
inicial em mulheres na pós-menopausa. Ele também con-
seguiu resultados interessantes na quimioprevenção da 
doença. Portanto, em virtude da importância do anastro-
zol tanto no tratamento endócrino quanto na quimio-
prevenção do câncer de mama hormoniossensível em 
mulheres na pós-menopausa, propusemos a atual revisão 
da literatura na base de dados SciELO e PubMed de arti-
gos publicados nos últimos 10 anos.

Palavras-chave: inibidores da aromatase, quimiopreven-
ção, neoplasias da mama, farmacocinética.
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