
Hormonal Modulation
in the Treatment
of Breast Cancer
Kerin Adelson, MDa,*, Doris Germain, PhDb,
George Raptis, MD, MBAa, Noa Biran, MDc
KEYWORDS

� Hormonal modulation � Breast cancer � Aromatase inhibitors
� Ovarian suppression � GnRH agonist � Antiestrogens
� SERM � SERD
BREAST CANCER EPIDEMIOLOGY

Breast cancer is the most commonly diagnosed malignancy in women worldwide. It is
estimated that 207,090 women were diagnosed with and 39,840 women died of breast
cancer in 2010. Surveillance, Epidemiology and End Results data predict that 12% of
women born today, or 1 in 8 women, will be diagnosed with breast cancer in their life-
time. Long-term survival rates are closely linked to breast cancer stage at presenta-
tion. Sixty percent of women are diagnosed when the cancer is confined to the
breast (without lymph node involvement), and these women have an excellent
5-year relative survival of 98%. Thirty-three percent of women with breast cancer
present with disease that has spread to local/regional lymph nodes and for this group,
5-year relative survival is 83.6 %. Only 5% of women with breast cancer present with
initial metastatic disease, and for this population 5-year relative survival is only 23.4%
and close to none are cured of the cancer.1

Breast cancer can metastasize many years after the initial diagnosis and treatment.
Thus, the 5-year relative survival statistics omit recurrences that occur after 5 years,
which is more common in women treated with adjuvant chemotherapy, trastuzumab,
or hormonal modulation than in most other cancers. Furthermore, most of these
relapses are outside the breast, leading to incurable stage IV disease. Despite recent
advances in breast cancer therapy and earlier diagnosis with screening, 24% to 30%
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of womenwith node-negative disease at diagnosis will eventually experience a disease
recurrence, and 40% to 80% of women with node-positive disease will experience
relapse. When distant metastases occur, the prognosis is poor, with a median survival
of 18 to 36 months from time of recurrence.2 Thus, an urgent need still exists to
improve curative treatments for women with breast cancer and to improve efficacy
of treatment for women with metastatic disease.
Metastatic relapse is generally explained by the theory that many women with

primary breast cancer have subclinical metastases at presentation.3 Surgery and
radiotherapy are targeted at removing the primary tumor and preventing local relapse,
while systemic treatments including chemotherapy, hormonal modulation, and Her-2
targeted immunotherapy, are directed at eliminating micrometastases. Systemic
treatments given before surgery are called neoadjuvant therapy and those given after
surgery are called adjuvant therapy.
In theUnited States andCanada, breast cancer incidence has recently leveled off and

even decreased slightly in age groups older than 45 years.4 One theory attributed the
decline in incidence to the reduced use of hormone replacement therapy (HRT) after
the Women’s Health Initiative study showed HRT increased incidence of breast cancer
and failure to prevent cardiac and thrombotic events.5
ESTROGEN RECEPTOR EXPRESSION AND HORMONAL MODULATION
IN BREAST CANCER

Seventy percent of breast cancers express the estrogen receptor (ER) and usually
have a lower-grade phenotype than ER-negative cancers. During the first several
years after diagnosis, patients with ER-positive tumors tend to have a lower recur-
rence rate than those with ER-negative tumors. The recurrence rate of ER-positive
tumors remains stable through years 6 or 7 and drops thereafter. Most importantly,
ER status is an important predictor of the likelihood of response to endocrine thera-
pies. In patients with localized disease, adjuvant hormonal modulation is used for 5
to 10 years to reduce the risk of distant recurrence. When metastases occur in women
receiving an adjuvant therapy, tumors are likely to have primary or acquired resistance
to that agent.
Although many laboratories have described mechanisms of resistance to endocrine

therapies, none of these mechanisms have been clinically validated to guide treatment
decisions. Thus, the choice of an adjuvant hormonal agent depends entirely on the
patient’s menopausal status; women with intact ovarian function receive selective
estrogen receptor modulators (SERMs) and postmenopausal women receive aroma-
tase inhibitors (AIs).
Women with metastatic breast cancer require treatment for the duration of their

lives. In this setting, hormonal therapy is used to slow tumor progression. Hormonal
modulation is highly effective and less toxic than chemotherapy. However, in this pop-
ulation a significant portion of ER-positive tumors will not respond to antiestrogen
therapy initially, and most that do respond will ultimately develop resistance. Once
the tumor becomes resistant to therapies to which it has been exposed, cytotoxic
chemotherapy is required. Both primary and acquired resistance to endocrine therapy
underscore the need to develop new treatments and to better tailor which treatments
are chosen for which tumors.
This article explores the history of endocrine therapy for the treatment of breast

cancer, the clinical evidence behind the current standards of care and controversies
that may change these standards in the future.
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Earlier Methods of Hormonal Modulation and Their Current Use

Ovarian suppression and ablation
Recognition of the relationship of ovarian function to breast cancer was first noted
when Albert Schinzinger proposed surgical oophorectomy as a treatment for breast
cancer in 1889.6 He observed that the prognosis for breast cancer was better in older
women than in younger women and reasoned that oophorectomy would make
younger women prematurely old, causing atrophy of the breast and the cancer.7

Despite Schinzinger’s intellectual contribution, Beatson8 was the first to use ovarian
ablation to treat advanced breast cancer in 1896. The first randomized trials of ovarian
ablation in the adjuvant setting began in 1948.9

Several methods of ovarian ablation or ovarian suppression are available. Surgical
oophorectomy causes a permanent reduction in ovarian steroid production. In women
with BRCA1 or BRCA2mutations, surgical oophorectomy leads to a 50% reduction in
breast cancer incidence and a 95% reduction in ovarian cancer. Radiation-induced
ovarian ablation can be accomplished using a variety of fractionation schedules,
ranging from 4.5 Gy in 1 fraction to 20 Gy in 10 fractions.10

Pharmacologic ovarian suppression is accomplished with gonadotropin releasing–
hormone (GnRH) agonists, such as goserelin and leuprolide. Mechanistically, both of
these agents mimic the hypothalamic hormone GnRH. In normal physiology, GnRH
signals the pituitary gland to release luteinizing hormone (LH) and follicle-stimulating
hormone (FSH), which in turn stimulate ovarian steroid hormone production. Unlike
endogenous GnRH, synthetic GnRH agonists have substitutions in the sixth and ninth
terminus amino acids, which increase lipophilicity and render them long-acting. When
first given, GnRH agonists are stimulatory and can cause a flare phenomenon.
However, after 10 to 14 days, the continuous action leads to downregulation of
GnRH receptors, which ultimately decreases production of LH and FSH and medical
castration.Menopausal sideeffects are reversiblewhen theGnRHagonists are cleared.
The meta-analysis conducted by the Early Breast Cancer Trialists’ Collaborative

Group (EBCTCG) in 2005 compared treatment with and without ovarian suppression
and ablation in nearly 8000 women younger than 50 years.11 Results showed that
ovarian ablation reduced the 15-year probability of breast cancer recurrence and
mortality. The benefit was much larger in women who did not receive any additional
adjuvant treatment. One possible reason for this is that women who undergo chemo-
therapy often develop ovarian failure, thus attenuating any additional benefit seen from
ovarian suppression or ablation.
Although multiple studies have shown that ovarian suppression or ablation is

preferable to no adjuvant treatment in premenopausal women with breast cancer,
long-term follow-up from the four-arm prospective Swedish ZIPP trial (Zoladex in
Premenopausal Patients), which randomized patients to: no hormonal modulation,
ovarian suppression with goserelin alone, tamoxifen alone, or the combination of
goserelin and tamoxifen, showed that, individually, goserelin and tamoxifen offered
similar benefit to no adjuvant endocrine therapy, but the combination was not superior
to either modality alone.12

AIs act by inhibiting the production of estrogen in peripheral tissues and thus are
only active in postmenopausal women who do not have an ovarian source of estro-
gens. Since 2003, when adjuvant AIs were shown to be more effective than tamoxifen
in postmenopausal women, the question of whether premenopausal women should
receive ovarian suppression and an AI rather than tamoxifen alone has generated
increasing debate. This question will be answered by the three-arm SOFT trial, which
is comparing 5 years of tamoxifen alone, 5 years of ovarian suppression combined
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with tamoxifen, and 5 years of ovarian suppression with exemestane (a steroidal AI).13

However, induction of menopause is accompanied by a host of side effects, including
hot flashes, changes in sex drive, vaginal dryness, loss of vaginal elasticity, dyspareu-
nia, osteoporosis, sleep-cycle disturbance, and sometimes depression and anxiety.
Therefore, unless the SOFT trial shows a benefit for ovarian suppression, tamoxifen
alone will remain the standard of care for premenopausal women.

High-dose estrogen High-dose estrogen was the preferred endocrine treatment in
postmenopausal women with advanced breast cancer before the introduction of
tamoxifen in the 1970s. In 1979, Smith and colleagues14 concluded that high-dose
estrogen in the form of Premarin improved survival in postmenopausal women with
advancedbreast cancer. In 1981, a trial performedby Ingle and colleagues15 concluded
that the response rates between tamoxifen and diethylstilbestrol were similar, but that
tamoxifen had significantly lower rates of thromboembolic disease. Based on tamoxi-
fen’s improved toxicity profile, high-dose estrogen therapy was abandoned.
Use of high-dose estrogen is now being revisited. One hypothesis suggests that in

patients who have been exposed to long-term estrogen deprivation as a result of AI
therapy, the estrogen dose–response curve shifts to the left, with cancer cells showing
increasing sensitivity to the toxic effects of estrogen. A recent phase II study showed
a clinical benefit rate of 29% with 6 mg of daily estradiol in 66 patients with AI-
refractory metastatic breast cancer.16

Megestrol acetate
The use of megestrol acetate (MA), an orally active synthetic derivative of proges-
terone, was first reported in breast cancer by Ansfield and colleagues17 in 1974. Its
mechanism in the treatment of advanced breast cancer is unclear. In the 1980s,
several trials showed that the response rate to MA was comparable to that observed
with tamoxifen in postmenopausal women with metastatic breast cancer18,19 but was
associated with an increased risk of thromboembolic events. Today, MA is only used
in metastatic disease refractory to multiple lines of endocrine therapy.

SERMs

The SERMs, tamoxifen and toremifene are hormonal agents that compete with estra-
diol for binding to ERs. In breast tissue, this blocks the ability of ERs to act as tran-
scription factors and inhibits estrogen-dependent cell proliferation and mammary
tumor growth.20 Although both of these drugs display estrogen antagonist activity in
breast and on breast cancer cells, they have estrogenic agonist activity on the endo-
metrium, bone, and coagulation system. Tamoxifen has been a critical component in
the treatment of breast cancer for more than 30 years and has served as the gold stan-
dard against which newer endocrine therapies were compared. Although it is highly
effective for prevention and treatment of breast cancer, it is accompanied by a small
but definitive increased risk of endometrial cancer and thromboembolic disease.

TAMOXIFEN STUDIES

Tamoxifen was initially developed in 1966 in Great Britain as an infertility agent.21,22 It
was also found to suppress carcinogen-induced rat mammary tumors.23 The first clin-
ical trial of tamoxifen was published in 1971.24 It was then studied in the United States,
and was approved by the U.S. Food and Drug Administration (FDA) for the treatment
of metastatic breast cancer in postmenopausal women in 1977.
The role of tamoxifen in the adjuvant setting has been widely established. Results

from 15-year follow-up from the EBCTCG/Oxford Overview showed that tamoxifen
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reduced the annual recurrence rate by 41% and the overall mortality rate by 34% in
women with ER-positive breast cancer.11 Furthermore, adjuvant tamoxifen taken for
5 years after primary therapy also reduces the incidence of contralateral breast cancer
by 47%.25

From the 1970s until 2002 when anastrozole was approved, tamoxifen was the
first-line endocrine therapy for localized and metastatic breast cancer in both premen-
opausal and postmenopausal women. It remains the mainstay of treatment for
premenopausal women in both the adjuvant and metastatic setting.
In 1998, the National Surgical Adjuvant Breast and Bowel Project (NSABP) P1 trial26

showed that tamoxifen has a role in preventing breast cancer in women at increased
risk for the disease. Among 13,388 women randomized to receive either tamoxifen or
placebo, tamoxifen was shown to decrease the relative risk of invasive breast cancer
by 49%. The benefit was especially strong for patients with a history of lobular carci-
noma in situ (56% reduction) or atypical ductal hyperplasia (86% reduction). Very
small but statistically significant increases were seen in the risk of endometrial cancer
and thromboembolic events.
The following year, the NSABP B-24 study established the benefit of tamoxifen in

the management of patients with preinvasive breast cancer, or ductal carcinoma in
situ (DCIS).27 Women who underwent surgical resection followed by radiation were
then randomized to tamoxifen for 5 years or placebo. A reduction in new breast cancer
events was seen (invasive and DCIS), from 13% in the placebo arm to 8% in the
tamoxifen arm. These results were recently confirmed in long-term follow-up from
the UK/ANZ trial,28 which showed a reduction in the risk of ipsilateral recurrence by
22% and contralateral cancers by 56%.
TOREMIFENE

Toremifene, a SERM with a mechanism similar to that of tamoxifen, is used more
commonly in Europe. Structurally, it has estrogenic and anti-estrogenic properties,
but compared with tamoxifen, seems to exhibit less of a proliferative effect on the
uterus.29 In a phase III randomized clinical trial of 217 post-menopausal women
with ER positive advanced breast cancer, toremifene was compared with tamoxifen.30

A response rate of 64% was observed in the toremifene group as compared with 52%
in the tamoxifen group.
Toremifene has also been studied in the adjuvant setting for perimenopausal and

postmenopausal women with early-stage breast cancer, but is not FDA-approved for
this indication. The combined analysis from the International Breast Cancer Study
Group Trials 12-93 and 14-93 randomized 1035 perimenopausal and postmenopausal
womenwith node-positive breast cancer to either toremifene or tamoxifen. Toremifene
and tamoxifen yielded 5-year disease-free survival rates of 72%and 69%, respectively,
and 5-year overall survival rates of 85% and 81%, respectively.31 Although these data
suggest that toremifene could have a role in the adjuvant setting, heterogeneity existed
between the study populations in both trials, and the FDA did not allow combined anal-
ysis. Unfortunately, each individual study was underpowered to show efficacy.
RALOXIFENE

Raloxifene is a SERM that is approved for the treatment of osteoporosis and as
prevention of invasive breast cancer in postmenopausal women. The MORE trial32

was designed to examine the effect of raloxifene on osteoporosis fracture risk, with
breast cancer incidence as a secondary end point. Raloxifene showed a 72% risk
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reduction in breast cancer incidence; 93 osteoporotic women would need to be
treated with raloxifene for 4 years to prevent one case of invasive breast cancer.33

Subsequently, the STAR trial was designed to compare raloxifene with the gold
standard tamoxifen for preventing breast cancer in postmenopausal women.34 The
study showed equivalent numbers of invasive breast cancers in both arms, suggesting
equivalent chemoprevention benefit. Patients treated with raloxifene had fewer cases
of endometrial carcinoma and fewer thromboembolic events than those treated with
tamoxifen. Raloxifene has not been studied in premenopausal women or in women
with a history of DCIS or invasive breast cancer, and therefore is not appropriate for
these populations.

FULVESTRANT

The steroidal estrogen receptor downregulator fulvestrant is the first pure ER antago-
nist with no known agonist effects. It competitively and irreversibly binds the ER with
an affinity 100 times stronger than tamoxifen, and leads to its rapid degradation.35 As
a result, the ER is sequestered away from DNA, blocking its function as a transcription
factor and inhibiting the activation of downstream estrogen receptor–dependent
genes. Fulvestrant is given through intramuscular injection once every 4 weeks and
is FDA-approved for the treatment of postmenopausal women with metastatic,
hormone receptor–positive, advanced breast cancer that has progressed on a prior
hormonal therapy. Despite the FDA indication for second-line treatment, recent data
shows that fulvestrant is more effective than the AI anastrozole as first-line therapy
for metastatic breast cancer.
Two phase III trials (Table 1)36–38 compared the time to disease progression for ful-

vestrant (250 mg intramuscular injection monthly) to anastrozole (1 mg orally daily) in
851 postmenopausal women with advanced breast cancer whose disease had pro-
gressed on adjuvant hormonal therapy or first-line endocrine therapy in the metastatic
setting (96.5% of whom received tamoxifen). These studies showed that fulvestrant
was equivalent to anastrozole in the second-line treatment of metastatic breast
Table 1
A comparison of fulvestrant to anastrozole in advanced breast cancer from two phase III trials

European Trial36 North American Trial37

Treatment Group Fulvestrant Anastrozole Fulvestrant Anastrozole

No. of Patients 222 229 206 194

Overall RR (%) 20.7 15.7 17.5 17.5

CR (%) 4.5 1.7 4.9 3.6

PR (%) 16.2 14.0 12.6 13.9

Clinical Benefit Rate (%) 44.6 45.0 42.2 36.1

SD for more than 24 wk (%) 23.9 29.3 24.8 18.6

Median TTP (mo) 5.5 5.1 5.4 3.4

Median Duration of Response (mo) 15.0 14.5 19.0 10.8

Median Follow-up (months) 14.4 — 16.8 —

Withdrawal Rate (%) 3.2 1.3 2.5 2.6

Overall Survival Combined Analysis at 27 mo38 Fulvestrant Anastrozole

27.4 27.7

Abbreviations: CR, complete response; PR, partial response; RR, relative risk; SD, stable disease; TTP,
time to disease progression.
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cancer. Fulvestrant was well tolerated and was associated with a significantly lower
incidence of joint disorders.
Investigators in these early fulvestrant trials observed that a significant number of

patients in the fulvestrant arm experienced early disease progression.39 In addition,
pharmacokinetic studies performed in early fulvestrant trials showed that it can take
3 to 6 months to achieve steady state blood levels.40 Thus, investigators postulated
that achieving steady state levels earlier might enhance the efficacy of fulvestrant.
Loading and high-dose fulvestrant regimens were subsequently developed.41

The CONFIRM trial showed that 500 mg of fulvestrant given on day 1, 14, 28, and
then every 28days thereafter was superior to the FDA-approved 250-mgdose.42 These
findings led to FDA approval of the 500-mg fulvestrant dose in 2010. Later that year,
updated results from the FIRST trial, which compared 500 mg of fulvestrant with anas-
trozole in the treatment of first-line metastatic disease, were presented at the 33rd
annual San Antonio Breast Cancer Symposium.43 Median time to disease progression
was 23.4 months for fulvestrant versus 13.1 months for anastrozole, corresponding to
a 35% reduction in risk of progression. Thus, when optimally dosed, fulvestrant seems
to be superior to anastrozole in the treatment of first-line metastatic disease.
Although fulvestrant is not approved for use in premenopausal women, no mecha-

nistic reason exists why it should not work in this population. One study randomized
premenopausal women with ER-positive tumors to a single 750-mg intramuscular
dose of fulvestrant or a daily 20-mg dose of tamoxifen for 14 to 16 days in the period
between initial biopsy and surgery.44 The drugs reduced the proliferative index (Ki-67)
and downregulated ER expression equivalently, but only fulvestrant led to downregu-
lation of the progesterone receptor (often used a marker to show downstream efficacy
of ER inhibition). Although this study was not designed to show long-term clinical effi-
cacy, results suggest that fulvestrant has biologic activity in this population. Phase I
trials to find the optimal long-term dose in premenopausal women have not been
performed.
RESISTANCE TO TAMOXIFEN

Multiple biologic factors predict resistance to tamoxifen, including overexpression of
cyclin D1, underexpression of CDK10, and overexpression of coactivator AIB1, and
possibly Her-2/neu overexpression (see the article by Doris Germain elsewhere in
this issue for further exploration of this topic). Despite a large body of research
enumerating mechanisms of tamoxifen resistance, none of these are used clinically
because of the limited treatment options for women with preserved ovarian function.
When adjuvant tamoxifen treatment fails and distant recurrences occur, the impact on
quality and quantity of life is devastating. Thus, one must ask whether better treatment
alternatives are available for premenopausal women whose tumors have characteris-
tics that predict resistance to tamoxifen therapy. The SOFT trial will address whether
premenopausal women with breast cancer should receive ovarian suppression and/or
AIs. However, it will not address whether other non–menopause-inducing agents,
such as fulvestrant, could be used in premenopausal women with tumor characteris-
tics predictive of tamoxifen resistance. The authors of this article are actively pursuing
this area of research.
The past several years has seen an intense interest in the role of hepatic CYP2D6

enzyme genetic variants and clinical outcome in women treated with tamoxifen. In
the United States, 10% to 20% of the population have genetic variants of the
CYP2D6 enzyme, which ineffectively metabolize tamoxifen to its active metabolite
endoxifen. In 2005, a widely publicized study by Goetz and colleagues45 correlated
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CYP2D6 genotype with clinical outcome in 213 women treated with adjuvant tamox-
ifen, and concluded that those who were poor metabolizers had a hazard ratio for
recurrence four times that of those who were extensive metabolizers. Since this publi-
cation, clinical testing of CYP2D6 spread rapidly before any clear data were available
on how to integrate the results into clinical practice. Confounding the issue more, in
late 2010, data correlating clinical outcome and CYP2D6 genotype in two large
prospective studies on adjuvant hormone treatment were presented at the 33rd
annual San Antonio Breast Cancer Symposium. Clinical outcomes from the ATAC
trial46 in 588 genotyped women and the BIG 1-98 trial47 in 1243 genotyped women
did not correlate with presence of the CYP2D6 variant in either the tamoxifen or the
AI arms. These groups of women are the largest prospectively treated populations
studied thus far. Thus, data currently do not support making clinical treatment deci-
sions based on CYP2D6 genetic variants, and testing outside of research should
not be routinely offered to the general population taking tamoxifen.
One possible exception is women taking potent CYP2D6 inhibiting medications,

which have been shown to lead to lower levels of endoxifen. Fluoxetine, paroxetine,
bupropion, and duloxetine are potent inhibitors of CYP2D6. Citalopram, escitalopram,
desvenlafaxine, and sertraline are weaker inhibitors of CYP2D6. In patients who
require these medications, it may be warranted to check the genotype. Another option
is to use venlafaxine in patients treated with tamoxifen, because it does not interfere
with CYP2D6 metabolism.

AIs

In postmenopausal women, the main source of estrogen production occurs in the
peripheral tissues (adipose, liver, skin, muscle, and breast tissue), where androstene-
dione is converted into estrone and estradiol. The final step is catalyzed by the enzyme
aromatase. The AIs anastrozole, letrozole, and exemestane inhibit the conversion of
androstenedione into estrogens, and lower circulating estradiol levels. These drugs
do not work in premenopausal women because of high levels of ovarian estrogen
production.
AIs are now the mainstay of treatment in postmenopausal women in both the adju-

vant and metastatic settings. Numerous trials have shown moderately improved effi-
cacy over tamoxifen, with significantly lower rates of serious side effects, including
endometrial carcinoma and thrombosis (deep vein thrombosis, pulmonary embolism,
and cerebrovascular accident). A classwide effect of the AIs is higher incidence of
osteoporotic fractures. Additionally, at least 5% of women develop diffuse joint
pain. Two types of antiaromatase agents are available: the type I steroidal inhibitor
exemestane and the type II nonsteroidal inhibitors anastrozole and letrozole. Thus
far, all studies comparing one AI with another have shown them to be equivalent.

AIS IN PATIENTS WITH METASTATIC BREAST CANCER REFRACTORY TO TAMOXIFEN

AIs were first tested in postmenopausal women with metastatic breast cancer refrac-
tory to tamoxifen. Anastrozole was FDA-approved in 1996 based on two studies that
showed it was more effective and less toxic than megestrol acetate.48–50 The following
year, letrozole was approved for the same second-line indication.51,52 Exemestane
was approved for patients refractory to tamoxifen in 2005.

AIS IN FIRST-LINE METASTATIC BREAST CANCER

In November of 2000, the Journal of Clinical Oncology published the results of two
multinational randomized phase III trials comparing anastrozole with tamoxifen in
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the first-line treatment of metastatic breast cancer in postmenopausal women. The
North American study showed a significant increase in time to disease progression
in the anastrozole arm (11.1 vs 5.6 months).53 Subsequent trials also showed that
letrozole54,55 and exemestane56 were superior to tamoxifen in the first-line treatment
of metastatic breast cancer.

AIs in the Adjuvant Setting

Anastrozole was the first AI approved for the adjuvant treatment of breast cancer. The
three-arm ATAC trial randomized more than 9000 women to 5 years of either tamox-
ifen, anastrozole or both.57,58 The 100-month analysis showed that anastrozole is
more effective than tamoxifen, with an absolute improvement in disease-free survival
of 2.5% at 5 years and 4.1% at 9 years in patients with ER-positive disease, and with
lower rates of thrombotic complications and endometrial cancer59 (Fig. 1). A signifi-
cant reduction in rates of contralateral breast cancer also occurred.
Letrozole was initially studied in the extended adjuvant setting. The MA 17 trial

randomized more than 5000 women who had completed 5 years of treatment with
tamoxifen to an additional 5 years of letrozole versus placebo.60 At 4-year follow-
up, the letrozole group showed a 4.6% absolute benefit in disease-free survival.
Subsequently, the BIG 1-98 trial showed that up-front letrozole is superior to up-
front tamoxifen in hormone therapy–naı̈ve patients (Fig. 2).

Exemestane was first studied in the adjuvant setting in women who had received 2
to 3 years of tamoxifen. The Intergroup Exemestane Study randomized women either
to an additional 2 to 3 years of tamoxifen or to change to 2 to 3 years of exemestane. At
8-year follow-up, the group that was switched from tamoxifen to exemestane had an
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absolute overall survival benefit of 2.4% and absolute disease-free survival benefit of
4.4%.61

Overall, these studies show that AIs are the first choice in the adjuvant treatment of
postmenopausal women with endocrine-sensitive tumors. Thus far, all studies that
have compared AIs have shown equivalence.

CONCLUDING REMARKS AND FUTURE DIRECTIONS

Hormonal modulation plays a key role in the primary prevention of breast cancer and in
adjuvant and palliative therapy for metastatic disease. Tamoxifen remains the main-
stay of treatment for premenopausal women, whereas AIs have come to dominate
all realms of treatment for postmenopausal women. Several important questions
remain. What is the optimal treatment for premenopausal women and should it include
ovarian suppression? How can resistance to antiestrogen therapy be overcome? And
perhaps most importantly, do biologic predictive factors exist that can be used to
determine which endocrine therapy a patient should receive? The authors of this
article believe that further studies are necessary to explore whether known markers
of endocrine resistance can be used to predict clinical response. Their group is
working to develop this personalized endocrine treatment.

REFERENCES

1. Altekruse S, KosaryC, KrapchoM, et al. SEER cancer statistics review, 1975–2007,
National Cancer Institute. Bethesda, MD. Available at: http://seer.cancer.gov/csr/
1975_2007/. Based on November 2009 SEER data submission, posted to the
SEER web site, 2010. Accessed September 1, 2010.

2. AmericanCancer Society. Cancer facts and figures. Atlanta (GA): American Cancer
Society; 2002.

3. Fisher B. Biological and clinical considerations regarding the use of surgery and
chemotherapy in the treatment of primary breast cancer. Cancer 1977;40:574.

http://seer.cancer.gov/csr/1975_2007/
http://seer.cancer.gov/csr/1975_2007/
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?id=19740
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?id=19740


Hormonal Treatment of Breast Cancer 529
4. Jemal A, Ward E, Thun MJ. Recent trends in breast cancer incidence rates
by age and tumor characteristics among U.S. women. Breast Cancer Res
2007;9:R28.

5. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of estrogen plus
progestin in healthy postmenopausal women: principal results from the Women’s
Health Initiative randomized controlled trial. JAMA 2002;288:321.

6. Love RR, Philips J. Oophorectomy for breast cancer: history revisited. J Natl
Cancer Inst 2002;94:1433.

7. Schinzinger A. Ueber carcinoma mammae [abstract]. 18th Congress of
the German Society for Surgery, Beilage zum Centralblatt fur Chirurgie 1889;16:
55–6.

8. Beatson G. On the treatment of inoperable cases of carcinoma of the mamma:
suggestions for a new method of treatment. Lancet 1896;2:162.

9. Dellapasqua S, Colleoni M, Gelber RD, et al. Adjuvant endocrine therapy for
premenopausal women with early breast cancer. J Clin Oncol 2005;23:1736.

10. Hughes LL, Gray RJ, Solin LJ, et al. Efficacy of radiotherapy for ovarian ablation:
results of a breast intergroup study. Cancer 2004;101:969.

11. (EBCTCG) EBCTG. Effects of chemotherapy and hormonal therapy for early
breast cancer on recurrence and 15-year survival: an overview of the randomised
trials. Lancet 2005;365:1687.

12. Sverrisdottir A, Johansson H, Johansson U, et al. Interaction between goserelin
and tamoxifen in a controlled clinical trial of adjuvant endocrine therapy in
premenopausal breast cancer. Presented at the 33rd Annual San Antonio Breast
Cancer Symposium. San Antonio (TX), December 9, 2010.

13. Phase III randomized study of adjuvant therapy comprising tamoxifen citrate
alone versus ovarian function suppression and tamoxifen citrate versus ovarian
function suppression and exemestane in premenopausal women who have
undergone surgery for hormone receptor-positive breast cancer (SOFT). Avail-
able at: http://clinicaltrials.gov/ct2/show/NCT00917969?term5premenopausal+
breast+cancer&type5Intr&phase52&rank515. Accessed June 23, 2011.

14. Smith IE, Ford HT, Gazet JC, et al. Premarin in the management of metastatic
breast carcinoma in post-menopausal patients. Clin Oncol 1979;5:159.

15. Ingle JN, Ahmann DL, Green SJ, et al. Randomized clinical trial of diethylstilbes-
trol versus tamoxifen in postmenopausal women with advanced breast cancer.
N Engl J Med 1981;304:16.

16. Ellis MJ, Gao F, Dehdashti F, et al. Lower-dose vs high-dose oral estradiol therapy
of hormone receptor-positive, aromatase inhibitor-resistant advanced breast
cancer: a phase 2 randomized study. JAMA 2009;302:774.

17. Ansfield FJ, Davis HL Jr, Ellerby RA, et al. A clinical trial of megestrol acetate in
advanced breast cancer. Cancer 1974;33:907.

18. Morgan LR. Megestrol acetate v tamoxifen in advanced breast cancer in post-
menopausal patients. Semin Oncol 1985;12:43.

19. Muss HB, Paschold EH, Black WR, et al. Megestrol acetate v tamoxifen in
advanced breast cancer: a phase III trial of the Piedmont Oncology Association
(POA). Semin Oncol 1985;12:55.

20. Pritchard K. Should tamoxifen be used to treat premenopausal women with
breast cancer? Cancer Invest 2000;18:685.

21. Harper MJ, Walpole AL. Contrasting endocrine activities of cis and trans isomers
in a series of substituted triphenylethylenes. Nature 1966;212:87.

22. Klopper A, Hall M. New synthetic agent for the induction of ovulation: preliminary
trials in women. Br Med J 1971;1:152.

http://clinicaltrials.gov/ct2/show/NCT00917969?term=premenopausal+breast+cancer&amp;type=Intr&amp;phase=2&amp;rank=15
http://clinicaltrials.gov/ct2/show/NCT00917969?term=premenopausal+breast+cancer&amp;type=Intr&amp;phase=2&amp;rank=15


Adelson et al530
23. Jordan VC. Antitumor activity of the antiestrogen ICI 46,474 (tamoxifen) in the
dimethylbenzanthracene (DMBA)-induced rat mammary carcinoma model.
J Steroid Biochem 1974;5:354.

24. Cole MP, Jones CT, Todd ID. A new anti-oestrogenic agent in late breast cancer.
An early clinical appraisal of ICI46474. Br J Cancer 1971;25:270.

25. (EBCTCG) EBCTCG. Ovarian ablation in early breast cancer: overview of the
randomised trials. Early Breast Cancer Trialists’ Collaborative Group. Lancet
1996;348:1189.

26. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for prevention of breast
cancer: report of the National Surgical Adjuvant Breast and Bowel Project P-1
Study. J Natl Cancer Inst 1998;90:1371.

27. Fisher B, Dignam J, Wolmark N, et al. Tamoxifen in treatment of intraductal breast
cancer: National Surgical Adjuvant Breast and Bowel Project B-24 randomised
controlled trial. Lancet 1993;353:1999.

28. Cuzick J, Sestak I, Pinder S, et al. Beneficial effect of tamoxifen for women with
DCIS: long-term benefits from the UK/ANZ DCIS trial in women with locally
excised DCIS. Presented at the 32nd Annual San Antonio Breast Cancer Sympo-
sium. San Antonio, December 10–13, 2009.

29. Tomas E, Kauppila A, Blanco G, et al. Comparison between the effects of tamox-
ifen and toremifene on the uterus in postmenopausal breast cancer patients. Gy-
necol Oncol 1995;59:261.

30. Milla-Santos A, Milla L, Rallo L, et al. Phase III randomized trial of toremifene vs
tamoxifen in hormonodependant advanced breast cancer. Breast Cancer Res
Treat 2001;65:119.

31. Pagani O, Gelber S, Price K, et al. Toremifene and tamoxifen are equally effective
for early-stage breast cancer: first results of International Breast Cancer Study
Group Trials 12-93 and 14-93. Ann Oncol 2004;15:1749.

32. Cummings SR, Eckert S, Krueger KA, et al. The effect of raloxifene on risk of
breast cancer in postmenopausal women: results from the MORE randomized
trial. Multiple Outcomes of Raloxifene Evaluation. JAMA 1999;281:2189.

33. Cauley JA, Norton L, Lippman ME, et al. Continued breast cancer risk reduction
in postmenopausal women treated with raloxifene: 4-year results from the MORE
trial. Multiple outcomes of raloxifene evaluation. Breast Cancer Res Treat 2001;
65:125.

34. Vogel VG, Costantino JP, Wickerham DL, et al. Update of the National Surgical
Adjuvant Breast and Bowel Project Study of Tamoxifen and Raloxifene (STAR)
P-2 Trial: preventing breast cancer. Cancer Prev Res (Phila) 2010;3:696.

35. Long X, Nephew KP. Fulvestrant (ICI 182,780)-dependent interacting proteins
mediate immobilization and degradation of estrogen receptor-alpha. J Biol
Chem 2006;281:9607.

36. Howell A, Robertson JF, Quaresma Albano J, et al. Fulvestrant, formerly ICI
182,780, is as effective as anastrozole in postmenopausal women with advanced
breast cancer progressing after prior endocrine treatment. J Clin Oncol 2002;20:
3396.

37. Osborne CK, Pippen J, Jones SE, et al. Double-blind, randomized trial
comparing the efficacy and tolerability of fulvestrant versus anastrozole in post-
menopausal women with advanced breast cancer progressing on prior endo-
crine therapy: results of a North American trial. J Clin Oncol 2002;20:3386.

38. Howell A, Pippen J, Elledge RM, et al. Fulvestrant versus anastrozole for the treat-
ment of advanced breast carcinoma: a prospectively planned combined survival
analysis of two multicenter trials. Cancer 2005;104:236.



Hormonal Treatment of Breast Cancer 531
39. McCormack P, Sapunar F. Pharmacokinetic profile of the fulvestrant loading dose
regimen in postmenopausal women with hormone receptor-positive advanced
breast cancer. Clin Breast Cancer 2008;8:347.

40. Robertson JF, Harrison M. Fulvestrant: pharmacokinetics and pharmacology. Br J
Cancer 2004;90(Suppl 1):S7.

41. Robertson JF. Fulvestrant (Faslodex)—how to make a good drug better. Oncolo-
gist 2007;12:774.

42. Di Leo A, Jerusalem G, Petruzelka L, et al. CONFIRM: a phase III randomized,
parallel-group trial comparing fulvestrant 250 mg vs fulvestrant 500 mg in post-
emenopausal women with estrogen receptor-positive advanced breast cancer.
Cancer Res 2009;69:491S.

43. Robertson J, Lindemann J, Llombart-Cussac A, et al. A comparison of fulvestrant
500 mg with anastrozole as first-line treatment for advanced breast cancer: fol-
lowup analysis from the FIRST study. Presented at the 33rd Annual San Antonio
Breast Cancer Symposium. San Antonio, December 8–12, 2010.

44. Young OE, Renshaw L, Macaskill EJ, et al. Effects of fulvestrant 750mg in
premenopausal women with oestrogen-receptor-positive primary breast cancer.
Eur J Cancer 2008;44:391.

45. Goetz MP, Rae JM, Suman VJ, et al. Pharmacogenetics of tamoxifen biotransfor-
mation is associated with clinical outcomes of efficacy and hot flashes. J Clin
Oncol 2005;23:9312.

46. Rae J, Drury S, Hayes D, et al. Lack of correlation between gene variants in
tamoxifen metabolizing enzymes with primary endpoints in the ATAC trial.
Presented at the 33rd Annual San Antonio Breast Conference. San Antonio
(TX), December 9, 2010.

47. Leyland-Jones B, Regan M, Bouzyk M, et al. Outcome according to CYP2D6
Genotype among postmenopausal women with endocrine-responsive early inva-
sive breast cancer randomized in the BIG 1–98 trial. Cancer Res 2010;70:78S.

48. Buzdar AU, Jonat W, Howell A, et al. Anastrozole versus megestrol acetate in the
treatment of postmenopausal women with advanced breast carcinoma: results of
a survival update based on a combined analysis of data from two mature phase
III trials. Arimidex Study Group. Cancer 1998;83:1142.

49. Buzdar AU, Jones SE, Vogel CL, et al. A phase III trial comparing anastrozole
(1 and 10 milligrams), a potent and selective aromatase inhibitor, with megestrol
acetate in postmenopausal women with advanced breast carcinoma. Arimidex
Study Group. Cancer 1997;79:730.

50. Jonat W, Howell A, Blomqvist C, et al. A randomised trial comparing two doses of
the new selective aromatase inhibitor anastrozole (Arimidex) with megestrol
acetate in postmenopausal patients with advanced breast cancer. Eur J Cancer
Am 1996;32:404.

51. Buzdar A, Douma J, Davidson N, et al. Phase III, multicenter, double-blind,
randomized study of letrozole, an aromatase inhibitor, for advanced breast
cancer versus megestrol acetate. J Clin Oncol 2001;19:3357.

52. Dombernowsky P, Smith I, Falkson G, et al. Letrozole, a new oral aromatase inhib-
itor for advanced breast cancer: double-blind randomized trial showing a dose
effect and improved efficacy and tolerability compared with megestrol acetate.
J Clin Oncol 1998;16:453.

53. 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 a North American multicenter randomized trial. Arimidex Study Group. J Clin
Oncol 2000;18:3758.



Adelson et al532
54. Hoctin-Boes G, Yates R, Steinberg M. Letrozole for advanced breast cancer.
J Clin Oncol 1998;16:2892.

55. Mouridsen H, Gershanovich M, Sun Y, et al. Superior efficacy of letrozole versus
tamoxifen as first-line therapy for postmenopausal women with advanced breast
cancer: results of a phase III study of the International Letrozole Breast Cancer
Group. J Clin Oncol 2001;19:2596.

56. Paridaens RJ, Dirix LY, Beex LV, et al. Phase III study comparing exemestane with
tamoxifen as first-line hormonal treatment of metastatic breast cancer in post-
menopausal women: the European Organisation for Research and Treatment of
Cancer Breast Cancer Cooperative Group. J Clin Oncol 2008;26:4883.

57. Baum M, Budzar AU, Cuzick J, et al. Anastrozole alone or in combination with
tamoxifen versus tamoxifen alone for adjuvant treatment of postmenopausal
women with early breast cancer: first results of the ATAC randomised trial. Lancet
2002;359:2131.

58. Buzdar AU. Anastrozole (Arimidex) in clinical practice versus the old ‘gold
standard’, tamoxifen. Expert Rev Anticancer Ther 2002;2:623.

59. Forbes JF, Cuzick J, Buzdar A, et al. Effect of anastrozole and tamoxifen as adju-
vant treatment for early-stage breast cancer: 100-month analysis of the ATAC
trial. Lancet Oncol 2008;9:45.

60. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letrozole in postmeno-
pausal women after five years of tamoxifen therapy for early-stage breast cancer.
N Engl J Med 2003;349:1793.

61. Bliss J, Kilburn L, Coleman R, et al. Disease related outcome with long term
follow-up: an updated analysis of the Intergroup Exemestane Study (IES).
Presented at the 32nd Annual San Antonio Breast Cancer Symposium. San
Antonio (TX), December 10, 2009.


	 Hormonal Modulation in the Treatment of Breast Cancer
	Breast cancer epidemiology
	Estrogen receptor expression and hormonal modulation in breast cancer
	Earlier Methods of Hormonal Modulation and Their Current Use
	Ovarian suppression and ablation
	High-dose estrogen

	Megestrol acetate

	SERMs

	Tamoxifen studies
	Toremifene
	Raloxifene
	Fulvestrant
	Resistance to tamoxifen
	AIs

	AIs in patients with metastatic breast cancer refractory to tamoxifen
	AIs in first-line metastatic breast cancer
	AIs in the Adjuvant Setting

	Concluding remarks and future directions
	References


