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Breast cancer is one of the most frequently diagnosed cancers among women, with
approximately 232,340 new cases and 39,620 deaths estimated among US women
in 2013.1 Corresponding figures in the European Union are 358,967 and 90,800,
respectively.2,3
Estrogen hormones have been implicated in promoting breast cancer development and progression in the majority of women. Endocrine manipulation has been
exploited therapeutically for more than a century, starting from empirical observations
of regression of locally advanced breast cancers after oophorectomy in premenopausal
patients.4
While ovaries represent the main source of estrogens in premenopausal women,
the principal source of circulating estrogens in the postmenopausal stage is the aromatization of the adrenal and ovarian androgens androstenedione and testosterone
to estrogens. Aromatase, a member of the cytochrome P-450 (CYP) family located
predominantly in the liver, adrenal glands, and fat tissue, is responsible for this
reaction.5
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Abstract: Breast cancer is the most prevalent cancer in women, causing a significant mortality
worldwide. Different endocrine strategies are available for the treatment of hormone-sensitive
breast cancer, including antiestrogen tamoxifen and fulvestrant, as well as third-generation
aromatase inhibitors (AIs), such as letrozole, anastrozole, and exemestane. In this review, we
will focus on exemestane, its clinical use, and its side effects. Exemestane is a steroidal thirdgeneration AI now used in all treatment settings for breast cancer. In the metastatic disease,
it has been extensively investigated as the first-, second-, and further-line treatment and it is
now registered for the treatment of postmenopausal women with advanced estrogen-receptorpositive breast cancer whose disease has progressed following antiestrogen therapy. A potential
lack of cross-resistance with nonsteroidal AIs has been described, giving additional therapeutic
opportunities in sequences of endocrine agents. Exemestane is also approved for the adjuvant
treatment of postmenopausal early breast cancer, either as upfront monotherapy for 5 years, as
a switch following 2–3 years of tamoxifen, or as extended therapy beyond 5 years of adjuvant
treatment. New promising data also showed a beneficial effect in young premenopausal early
breast cancer patients, when administered together with ovarian suppression. Interesting results
have also emerged when exemestane has been investigated as neodjuvant treatment as well as
preventive agent in healthy women at high risk for breast cancer. Exemestane is generally well
tolerated, with a side effect profile similar to that of other AIs, including menopausal symptoms,
arthralgia, and bone loss. In conclusion, exemestane can be considered an effective and welltolerated endocrine treatment option for all stages of breast cancer.
Keywords: breast cancer, endocrine therapy, aromatase inhibitors, exemestane
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Different endocrine strategies have been developed for
the treatment of hormone-sensitive breast cancer, depending
on the patient’s menopausal status: 1) blockade/downregulation of estrogen receptor (ER) obtained with the selective
ER modulator (SERM) tamoxifen and the selective ER
downregulator (SERD) fulvestrant, 2) inhibition of estradiol
biosynthesis by blocking the production of gonadotropins
(follicle-stimulating hormone/luteinizing hormone) with
gonadotropin-releasing hormone (GnRH) agonists in premenopausal women and, finally 3) inhibition of peripheral
tissue production of estrogen using aromatase inhibitors (AIs)
in postmenopause.
AIs can be subdivided into two major groups: steroidal
AIs (SAIs) and nonsteroidal AIs (NSAIs) and, according to
the chronologic order of their clinical development, they are
classified as first-, second-, and third-generation inhibitors.
Early first-generation inhibitors, such as aminoglutethimide, showed reasonable efficacy against metastatic breast
cancer.6 However, they lacked specificity, antagonizing the
production of mineralocorticoids and glucocorticoids in addition to sex steroids, resulting in excessive toxicity.7
Second-generation agents, namely, formestane and
fadrozole, had fewer side effects compared with aminoglutethimide, but they showed limited efficacy.8–12
Subsequently, more specific antagonists of aromatase
have been developed and, at the present time, the three thirdgeneration compounds available are anastrozole, letrozole,
and exemestane. The first two are categorized as reversible
NSAIs, whereas exemestane is an irreversible SAI.13,14
This review will address the steroidal irreversible antagonist exemestane, with a major focus on its developmental
steps and clinical applications in the treatment of hormonesensitive breast cancer.

Pharmacology and preclinical
development
Exemestane (6-methylenandrosta-1,4-diene-3,17-dione) is an
irreversible SAI. Due to its androstenedione-like structure,
exemestane competes with the natural substrates androstenedione and testosterone. By forming covalent bonds with the
substrate-binding site of the enzyme, it finally leads to irreversible aromatase inactivation, a mechanism that has been
defined “suicidal inhibition.”15–17
Preliminary in vitro studies described exemestane to
be a potent inhibitor with a higher aromatase affinity when
compared with other structurally related compounds.18,19
The antitumor activity of exemestane was then assessed
and confirmed in vivo in animal rat models harboring
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7,12-dimethylbenzanthracene (DMBA)-induced mammary
tumors. These experiments revealed that exemestane was
highly effective when administered by both subcutaneous
and oral routes,20 with a greater efficacy than that observed
for the steroidal AIs formestane, atamestane, and plomestane
in similar models.21,22
An oral dose of exemestane is rapidly absorbed, with
peak plasma concentrations reached within 2 hours of
administration. After 4 hours, plasma concentrations fall to
undetectable levels, although inhibitory activity persists for at
least 5 days despite a plasma half-life of only 27 hours. This
long-lasting effect may be due to the irreversible aromatase
inhibition; thus a new enzyme biosynthesis is required to
renew estrogen production, leading to a persistent inhibitory
effect even after clearance.23
Metabolism occurs through CYP3A4; however, inhibition of the activity of the major CYP enzymes experienced in
healthy volounteers does not seem to influence exemestane
disposition.24
The main exemestane metabolite identified in the plasma
is 17-hydroxyexemestane, showing concentrations nearly
ten times less than that of the parental compound. Other
metabolites are inactive or inhibit aromatase with decreased
potency.23
Because exemestane and its metabolites are excreted
in both urine and feces, impaired renal as well as hepatic
function both lead to reduced metabolism, with consequent
elevated plasma levels.25
Exemestane induces maximal estradiol suppression after
3–7 days, reaching steady-state levels within 7 days with
daily dosing.23,26
The initial Phase I clinical trials identified a daily exemestane oral dose of 25 mg as the minimum effective dose producing the highest degree of estrogen suppression.23,27,28 This
dosage was found to inactivate 98% of the total aromatase
activity, resulting in a 85%–95% reduction of plasma estrone,
estradiol, and estrone sulfate levels, compared to pretreatment
levels.29 This level of inhibition appears in the range of that
described for the other third-generation AIs and compares
favorably with the ,90% inhibition described for first- and
second-generation inhibitors.30
Comparative studies revealed exemestane administered
at 25 mg/day to inhibit aromatization as efficiently as anastrozole administered at 1 mg/day,31 while letrozole 2.5 mg/
day appeared to be a more potent inhibitor compared with
these two agents.32
However, the limits related to plasmatic estrogen level measurements do not allow drawing solid conclusions regarding
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potential differences among the three inhibitors. Indeed, clinical studies attempting to compare clinical efficacy of SAIs and
NSAIs in patients with hormone-dependent metastatic breast
cancer have provided inconclusive results.33–35 This would suggest that the minor differences in inhibitory degrees detected
for the three third-generation AIs would not translate into
significant clinical differences in terms of efficacy.

Clinical applications
Metastatic setting
The third-generation AIs anastrozole, letrozole, and
exemestane have a well-established role in the treatment of
hormone-receptor-positive locally advanced or metastatic
breast cancer.36–43 Having shown superiority over tamoxifen
in a number of randomized Phase III studies, they represent
the treatment of choice in postmenopausal women who
are endocrine naïve or have been previously exposed to
tamoxifen.39–43
Exemestane was initially assesssed in clinical studies as a
third-line therapy for metastatic breast cancer, demonstrating
meaningful antitumor activity in patients previously exposed
to tamoxifen and megestrol acetate,44 as well as to NSAIs.45
A subsequent study revealed the superiority of exemestane
in terms of time-to-tumor progression (TTP) and overall
survival (OS) relative to megestrol acetate in patients with
tamoxifen-resistant disease. 38 As a result, exemestane
received US Food and Drug Administration approval in
October 1999 for the treatment of advanced breast cancer

in postmenopausal women whose disease had progressed
following tamoxifen (Table 1).
On the basis of these positive results, a subsequent
European Organisation for the Research and Treatment
of Cancer Phase III trial was conducted to investigate the
activity of exemestane compared to tamoxifen as first-line
treatment for postmenopausal hormone-dependent metastatic
breast cancer patients.43 A total of 371 patients were enrolled
and followed up for a median time of 46 months. Overall
response rate (ORR) was higher for exemestane compared to
tamoxifen (46% vs 31%; hazard ratio [HR] =1.85; 95% confidence interval [CI]: 1.21–2.82; P=0.005). However, despite
a difference in median progression-free survival (PFS) favoring exemestane (9.9 months vs 5.8 months), the PFS curves
converged at approximately 1.4 years. Consequently, no
statistically significant difference was seen in long-term PFS,
which was the primary end point of the study. Similarly, OS
was comparable in the two treatment arms.
Several nonrandomized studies explored the efficacy of
exemestane in patients resistant to previous third-generation
NSAIs. Reports of activity of exemestane suggested a certain
degree of non-cross-resistance between the third-generation
steroidal and nonsteroidal compounds.45–51
In fact, on average, 25%–30% of patients in these studies
experienced objective response or stable disease for 6 months
or longer. Conversly, a degree of activity was observed even
when NSAIs were administered in patients progressing after
exemestane.47,50

Table 1 Results of clinical trials investigating exemestane for the treatment of metastatic breast cancer
Study

Study design
(number of patients)

Previous
treatments

Median time-toprogression (months)

ORR

CBR

Jones et al44
Kaufmann
et al38
Paridaens
et al43
Lonning et al45
Iaffaioli et al46
Steele et al48
Chia et al52

Phase II; Exe (91)
Phase III; Exe (366)
vs MA (403)
Phase III; Exe (182)
vs Tam (189)
Phase II; Exe (241)
Phase II; Exe (50)
Retrospective; Exe (114)
Phase III; F LD (351)
vs Exe (342)
Phase III; F LD + Ana
(241) vs F LD + PO
(230) vs Exe (247)
Phase III; Eve + Exe
(485) vs PO + Exe (239)

Tam and MA
Tam

2
5 vs 4 (P=0.037)

13%
15% vs 12% (NS)

30%
37% vs 35% (NS)

No prior treatment for
metastatic breast cancer
NSAI
Ana
NSAI
NSAI

9.9 vs 5.8; (Wilcoxon: P=0.028;
log-rank test: P=0.121)
3
5
4.7
Both groups: 3.7 months
(P=0.65)
PFS months 4.4 vs 4.8
(P=0.98) vs 3.4 (P=0.56)

46% vs 31%
(P=0.005)
6.6%
8%
5%
7.4% vs 6.7%
(P=0.736)
7% vs 7% (P=0.88)
vs 4% (P=0.27)

Not assessed

PFS months 6.9 vs 2.8
(P,0.001)

9.5% vs 0.4%
(P,0.001)

Johnston
et al53
Baselga et al54

NSAI

NSAI

24.3%
44%
46%
32.2% vs 31.5%
34% vs 32%
(P=0.75) vs 27%
(P=0.27)
Not reported

Notes: Exe, 25 mg/day; Tam, 20 mg/day; MA, 160 mg/day; F LD, 500 mg on day 1, followed by 250 mg at day 14 and on day 28, then every 28th day; Ana, 1 mg/day; Eve +
Exe, Eve 10 mg/day + Exe 25 mg/day; PO + Exe, 25 mg/day.
Abbreviations: CBR, clinical benefit rate; NS, not significant; NSAI, nonsteroidal aromatase inhibitor; ORR, overall response rate; PFS, progression-free survival; PO,
placebo; Exe, exemstane; Tam, tamoxifen; MA, megestrole acetate; F LD, fulvestrant loading dose regimen; Ana, anastrozole; Eve, everolimus.
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By virtue of its potential non-cross-resistance with
NSAIS, exemestane has been used as the conventional
treatment arm in clinical trials aimed at developing effective
endocrine therapy options in women failing prior treatment
with anastrozole or letrozole.52–54
In the randomized, double-blind, placebo-controlled
multicenter Phase III Evaluation of Faslodex vs Exemestane
Clinical Trial (EFECT), the selective SERD fulvestrant
(“loading dose”: 500 mg on Day 1, followed by 250 mg at
Day 14 and on Day 28, then every 28 days) was compared
with exemestane 25 mg/day in 693 postmenopausal women
with hormone-receptor-positive advanced breast cancer
after progression/recurrence with an NSAI. No significant
differences in the primary end point of TTP were observed
between the two groups (median TTP: 3.7 months for both
treatments). Similarly, ORR (7.4% vs 6.7%; P=0.736) and
clinical benefit rate (CBR) (32.2% vs 31.5%; P=0.853) were
not different between the two treatment arms.52
The Study of Faslodex with or without concomitant
Arimidex vs Exemestane (SoFEA) was a three-arm, randomized Phase III trial comparing the combination of fulvestrant
(loading dose) plus anastrozole 1 mg/day versus fulvestrant
(loading dose) with placebo, versus exemestane 25 mg/day, in
723 postmenopausal women with hormone-receptor-positive
advanced breast cancer after progression on NSAIs. After a
median follow-up of 37.9 months, no differences in the primary end point PFS were detected between patients assigned
to fulvestrant plus anastrozole and fulvestrant plus placebo
(4.4 vs 4.8 months, HR: 1.00, 95% CI: 0.83–1.21; P=0.56),
or between those assigned to fulvestrant plus placebo and
exemestane (4.8 vs 3.4 months; HR: 0.95; 95% CI: 0.79–1.14;
P=0.56). The CBR rate was similar across the three groups
(34%, 32%, and 27% for fulvestrant with anastrozole, fulvestrant with placebo, and exemestane, respectively). An ORR
of 4% was observed for exemestane alone, compared to a
7% ORR observed for the two other treatment arms; these
differences were not statistically significant.53
The Breast Cancer Trials of Oral Everolimus-2
(BOLERO-2), was a randomized Phase III study comparing the combination of the mammalian target of rapamycin
(m-TOR) inhibitor everolimus 10 mg/day + exemestane
25 mg/day versus placebo + exemestane 25 mg/day in 724
postmenopausal women with hormone-receptor-positive
advanced breast cancer refractory to previous NSAIs.
In this trial, exemestane yielded modest antitumor
activity, with an ORR of 0.4% and a median PFS of only
2.8 months. The addition of everolimus was associated with
higher ORR (9.5%) and, most importantly, with a 6.9 months
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median PFS.54 On the basis of these data, the association of
exemestane and everolimus is now registered in patients with
hormone-receptor-positive advanced breast cancer that is
either in relapse after adjuvant NSAIs treatment or progressing during NSAIs administered for advanced disease.

Adjuvant setting: postmenopausal women
On the basis of a number of pivotal Phase III clinical trials,
the three third-generation AIs anastrozole, letrozole, and
exemestane are now the therapy of choice in the adjuvant
treatment of postmenopausal women with hormone-receptorpositive, operable breast cancer.
In comparison with 5 years of tamoxifen, AIs were given
as either upfront treatment for 5 years,55–57 as sequential
treatment after a period of 2–3 years on tamoxifen (early
switch),58–63 or following completion of 5 years of tamoxifen
(late switch).64–66
Adjuvant exemestane was evaluated in three major
adjuvant studies (Table 2): the Intergroup Exemestane Study
(IES), the Tamoxifen, Exemestane, Adjuvant, Multicenter
(TEAM) study, and the National Surgical Adjuvant Breast
and Bowel Project (NSABP-B-33).
In the IES study, 4,724 postmenopausal hormone-receptorpositive/unknown early breast cancer patients, who had
remained disease free after 2–3 years of adjuvant tamoxifen,
were randomized to early switch to exemestane (n=2,352)
or to continue on tamoxifen (n=2,372) to complete 5 years
of endocrine therapy. Disease-free survival (DFS) was the
primary end point.
At a median follow-up of 91 months, a DFS advantage emerged in favor of exemestane (HR: 0.81; 95% CI:
0.72–0.91; P=0.001), which resulted in an absolute increase
of 4.5% (95% CI: 1.9%–6.8%) in terms of the probability
of being alive and disease free at 8 years. An improvement
in OS was also demonstrated with the switch strategy, (HR:
0.86; 95% CI: 0.75–0.99; P=0.04), with an absolute survival
gain of 2.4% at 8 years.61
The TEAM trial was designed initially as an open-label
study comparing the efficacy of 5 years of tamoxifen versus
exemestane in postmenopausal early breast cancer patients.
However, following the publication of the IES results,67 its
design was modified and the control arm was converted into
an early-switch arm of 2.5–3 years of tamoxifen followed by
exemestane for a total of 5 years.
At a median follow-up of 5.1 years, no DFS (HR: 0.97;
95% CI: 0.88–1.08; P=0.60) or OS (HR: 1.00; 95% CI:
0·89–1.14; P.0.99) differences between the two arms of
the study were observed.63 These results were consistent with
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Table 2 Trials assessing exemestane as adjuvant treatment for early breast cancer
Study

Study design (number of patients)

DFS hazard ratio
(95% CI)

OS hazard ratio
(95% CI)

IES55; median
follow-up: 91 months
TEAM57; follow-up:
5 years

Tam 2–3 years → Exe 3–2 years (2,352)
vs Tam → Tam 5 years (2,372)
Exe 5 years (4,898) vs Tam 2.5 years → Exe
2.5 years (4,868)
Exe 5 years (3,789) vs Ana 5 years (3,787)

0.81 (0.72–0.91);
P,0.001
0.97 (0.88–1.08);
P=0.60

0.86 (0.75–0.99); P=0.04

1.02 (0.87–1.18);
P=0.85
4-year DFS: 0.69;
P=0.07
0.72 (0.60 to 0.85);
P,0.001

0.93 (0.77–1.13); P=0.46

Primary analysis:
0.83 (0.66–1.04); P=0.10

Primary analysis: 0.74
(0.51–1.09); P=0.13

MA2762; median
follow-up: 4.1 years
NSABP-B-3360; median
follow-up: 30 months
TEXT78; median
follow-up: 68 months
SOFT79; median
follow-up: 67 months

Exe 5 years (783) vs PO 5 years (779)
TEXT + SOFT combined analysis:
Exe + OFS 5 years (2,359)
vs Tam + OFS 5 years (2,358)
Tam 5 years (1,021) vs Tam +
OFS 5 years (1,024) vs Exe +
OFS (1,021) 5 years

1.00 (0.89–1.14); P.0.99

NA
1.14 (0.86–1.51); P=0.37

Notes: →, Switch to; Exe, exemstane 25 mg/day; Tam, tamoxifen 20 mg/day; Ana, anastrozole 1 mg/day.
Abbreviations: CI, confidence interval; DFS, disease-free survival; IES, Intergroup Exemestane Study; NA, not assessed; NSABP, National Surgical Adjuvant Breast and
Bowel Project; OFS, ovarian function suppression; OS, overall survival; PO, placebo; SOFT, Suppression of Ovarian Function Trial; TEAM, Tamoxifen Exemestane Adjuvant
Multicenter study; TEXT, Tamoxifen and Exemestane Trial; Exe, exemstane; Tam, tamoxifen; Ana, anastrozole.

those obtained from similar comparisons, but using the NSAI
letrozole, in the Breast International Group (BIG) 1-98.62
The only fully published study that compared 5 years with
exemestane with 5 years of an NSAI in the adjuvant setting is
the National Cancer Institute of Cancer Clinical Trials Group
(NCIC CTG) MA.27.68 In this multicenter open-label trial,
7,576 postmenopausal women with ER-positive early breast
cancer were randomized to either anastrozole or exemestane.68 At a median follow-up of 4.1 years, there was no
difference in the primary end point event-free survival, being
91% for exemestane and 91.2% for anastrozole (stratified
HR: 1.02; 95% CI: 0.87–1.18; P=0.85). The secondary end
points distant DFS (4.1% vs 4.3%, respectively; HR: 0.95;
95% CI: 0.76–1.18; P=0.64) and disease-specific survival
(2.4% vs 2.6%, respectively; HR: 0.93; 95% CI: 0.70–1.24;
P=0.62) were also similar.

Adjuvant setting: extended therapy
in postmenopausal women
Women with hormone-receptor-positive operable breast
cancer remain at risk of relapse for many years beyond the
completion of adjuvant therapy.69
Considering this long-term risk of recurrence, a number of
trials have been conducted in both pre- and postmenopausal
women addressing whether extending adjuvant endocrine
therapy beyond the conventional 5 years of duration would
reduce the risk of late recurrence. Despite initial negative
results,70–72 two large clinical trials have recently confirmed consistent benefits of continuing tamoxifen beyond

International Journal of Women’s Health 2015:7

5 years.73,74 Well before the publication of positive results
for extended therapy with tamoxifen, one pivotal study, the
NCIC-CTG MA.17/BIG 1–97 trial, confirmed the effectiveness of 5 years of letrozole versus placebo in postmenopausal
women who completed 4–6 years of adjuvant tamoxifen.64
At a median follow-up of 2.4 years, letrozole yielded a highly
signifıcant reduction in the risk of recurrence compared to
placebo (DFS HR: 0.57; P=0.00008). Additionally, letrozole
signifıcantly reduced the risk of distant metastases in patients
with both node-negative and node-positive disease (P=0.002)
and signifıcantly improved the OS by 39% in patients with
involved axillary lymph nodes (HR: 0.61; P=0.04).75 These
results, which were subject to early disclosure due to their
potential clinical relevance, had an impact on other similar
initiatives that were being conducted by other groups. One
of these was the NSABP-B-33 trial, which was investigating
extended adjuvant therapy with exemestane in postmenopausal women with clinical T1–3N1M0 breast cancer and
who were disease free after 5 years of adjuvant tamoxifen.66
The trial was prematurely closed after the publication of
the NCIC-CTG MA.17/BIG 1–97 trial’s positive results,
to allow patients in the placebo arm to receive exemestane.
At the time of unblinding, 1,598 patients had been randomly
assigned; 72% of those in the exemestane group continued on
exemestane, and 44% of those in the placebo group crossed
over to exemestane. Despite this, with a median follow-up
of 30 months, intent-to-treat analysis resulted in a borderline
statistically significant improvement in 4-year DFS (91%
vs 89%; relative risk =0.68; P=0.07) and in a statistically
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significant improvement in 4-year relapse-free survival (96%
vs 94%; relative risk =0.44; P=0.004).
As for the NSABP-B-33, the smaller Adjuvant postTamoxifen Exemestane versus Nothing Applied (ATENA)
trial, which was designed to compare exemestane with observation after 5 years of previous tamoxifen, was prematurely
closed after recruiting only 448 patients, giving no results
regarding the primary end point DFS.76
A subsequent Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) meta-analysis confırmed extended adjuvant
AI treatment to be associated with an absolute 2.9% decrease in
breast cancer recurrence (relative decrease, 43%; P,0.00001)
and an absolute 0.5% decrease in breast cancer mortality
(relative decrease, 27%; P=0.11) after a median follow-up of
2.5 years, with the magnitude of these effects probably underestimated because of crossover after unblinding.77

Adjuvant setting: premenopausal women
For decades, tamoxifen has been the gold standard for the
adjuvant treatment of hormone-receptor-positive breast
cancer in premenopausal women.78
Due to their mechanism of action, AIs can be used safely
in premenopausal women only when ovarian function is
concomitantly suppressed. The results of AI activity in
postmenopausal early breast cancer patients,55,56 as well as
in premenopausal women in the metastatic setting,79–81 provided the background for studying the combination of AIs
and ovarian function suppression (OFS) as adjuvant therapy
in premenopausal patients.
The Austrian Breast and Colorectal Cancer Study Group
trial 12 (ABCSG-12) study randomized 1,803 premenopausal
women with hormone-receptor-positive breast cancer to OFS
(with the GnRH analog goserelin) in combination with anastrozole versus the same OFS in combination with tamoxifen
for 3 years. After a median follow-up of 47.8 months, no
difference in the primary end point DFS was seen between
anastrozole and tamoxifen.82 Surprisingly, a worse OS has
been shown with anastrozole (46 vs 27 deaths; HR: 1.75; 95%
CI: 1.08–2.83; P=0.02). Of note, only 18% of randomized
women were #40 years of age.83
Two large randomized trials coordinated by the Internation Breast Cancer Study Group were designed to address
whether adjuvant therapy with exemestane improved DFS
as compared with tamoxifen, among premenopausal women
treated plus subject to OFS and to determine the value of OFS
in suitable women candidates for treatment with adjuvant
tamoxifen.
The Tamoxifen and Exemestane Trial (TEXT) was
designed to evaluate 5 years of exemestane plus the GnRH
556
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analog triptorelin versus tamoxifen plus triptorelin in women
who received OFS from the start of adjuvant therapy.
The Suppression of Ovarian Function Trial (SOFT) was
designed to evaluate 5 years of exemestane plus OFS (triptorelin, bilateral oophorectomy, or ovarian irradiation), versus
tamoxifen plus OFS, versus tamoxifen alone in women who
remained premenopausal after the completion of adjuvant or
neoadjuvant chemotherapy or in women for whom adjuvant
tamoxifen alone was suitable treatment.
The two trials were conducted over the same time frame
and in similar patient populations of premenopausal women
with hormone-receptor-positive early breast cancer with
an average age of 43 years. Although the original plan was
to analyze each trial separately as well as jointly, a further
amendment was introduced to allow a combined analysis of
data regarding the comparison of exemestane and tamoxifen
in the context of OFS and release the data separately.84 In the
4,690 patients involved in this comparison, 5-year DFS was
91.1% in the exemestane plus OFS group versus 87.3% in
the tamoxifen plus OFS group (HR for disease recurrence,
second invasive cancer, or death: 0.72; 95% CI: 0.60–0.85;
P,0.001). Compared to patients receiving tamoxifen, those
receiving exemestane had a 34% relative reduction in the risk
of breast cancer recurrence and a 22% relative reduction in the
risk of distant recurrence.
The 5-year OS rates were high in both groups: 95.9% in
the exemestane plus OFS group and 96.9% in the tamoxifen
plus OFS group (HR for death in the exemestane–OFS group:
1.14; 95% CI: 0.86–1.51; P=0.37) and longer follow-up is
needed to accurately assess the impact of the two treatments
on long-term survival.
Later the same year, the results of the SOFT study were
published.85 The SOFT study enrolled 3,066 premenopausal
early ER-positive breast cancer patients and randomized
them to receive tamoxifen alone for 5 years or tamoxifen +
OFS or exemestane + OFS. Women randomly assigned to
OFS in either arm had the choice of monthly injections of
triptorelin, bilateral oophorectomy, or radiation. After a
protocol amendment in 2011, the comparison of tamoxifen
plus OFS over tamoxifen alone became the primary analysis
of the trial and the comparison of exemestane plus OFS with
tamoxifen alone became a secondary objective. As previously
mentioned, the comparison of exemestane plus OFS with
tamoxifen plus OFS was analyzed by a combined analysis
with the TEXT data.
Treatments were compared in two prespecified groups
of women: those who needed chemotherapy (younger age,
higher-risk tumors, larger tumors, and more likely to be node
positive) and those who were eligible to adjuvant endocrine
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therapy alone. Women who had chemotherapy entered the
trial 8 months postchemotherapy, a time interval needed
to confirm premenopausal levels of estradiol, while those
who did not receive chemotherapy entered the trial soon
after surgery. At a median follow-up of 5.6 years, the addition of OFS to tamoxifen compared to tamoxifen alone did
not result in better DFS, which was the primary study end
point. Indeed, the 5-year DFS rate was 86.6% vs 84.7% for
tamoxifen + OFS versus tamoxifen alone, respectively (HR
for recurrence, second invasive cancer, or death: 0.83; 95%
CI: 0.66–1.04; P=0.10).
However, some patient subgroups derived a significant
and clinically meaningful benefit from OFS. The largest
effect was seen in the 350 women who were #35 years, representing 11.5% of the enrolled women, nearly all of whom
(94%) had received adjuvant chemotherapy. In this group,
the 5-year breast-cancer-free rate was 67.7% with tamoxifen
alone, 78.9% with the combination tamoxifen + OFS, and
83.4% in those on exemestane + OFS.
Another significant advantage was seen in a subgroup
of 1,084 women (median age: 40 years) who remained
premenopausal (documented by estradiol blood levels) after
chemotherapy.
In this group, the 5-year breast-cancer-free rate was 78.0%
with tamoxifen alone compared to 82.5% with tamoxifen +
OFS and 85.7% with exemestane + OFS. This translated into
a 22% reduction in relative risk of recurrence for tamoxifen +
OFS versus tamoxifen alone and into a 35% relative risk
reduction for exemestane + OFS versus tamoxifen alone,
leading to an absolute improvement of 4.5% and 7.7% at
5 years, respectively.
In contrast, no benefit from adding OFS to endocrine
therapy was observed in the subgroup of 949 women who did
not receive chemotherapy. These women had a median age
of 46 years and experienced high event-free survival rates at
5 years (95.8% with tamoxifen alone, 95.1% with tamoxifen +
OFS, and 97.1% with exemestane + OFS).
In terms of tolerability, adding OFS to endocrine therapy
increased adverse effects, most notably menopausal symptoms (hot flushes and sweats), decreased libido, vaginal
dryness, and depression. Further, exemestane + OFS combination was associated with more adverse events than
tamoxifen + OFS, including musculoskeletal and bone
density effects.

Exemestane for breast cancer
prevention
Chemoprevention of breast cancer is an effective strategy to
reduce the incidence of this disease in women at risk. The first
International Journal of Women’s Health 2015:7
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agents to show a significant chemopreventive effect were the
SERMs tamoxifen and raloxifen. An updated comprehensive
analysis of all SERM prevention trials showed that they are
able to reduce the incidence of breast cancer in high- and
average-risk women, an effect that is sustained by a reduction
in ER-positive invasive breast cancer.86
The role of AIs for breast cancer prevention was hypothesized based on the results form early adjuvant trials showing
that NSAIs and SAIs were more effective than tamoxifen
in reducing the incidence of contralateral primary breast
cancer.87 Thus, two major clinical trials have assessed the
preventive role of NSAIs88 and SAIs89 in women at high risk
for developing breast cancer.
The NCIC Mammary Prevention 3 (MAP.3) Trial was
a randomized, placebo-controlled, double-blind trial of
exemestane administered to postmenopausal women who
had an increased risk for breast cancer.89 A total of 4,560
women (median age: 62.5 years; median Gail risk score:
2.3%) were randomly assigned to either exemestane or placebo. At a median follow-up of 35 months, eleven invasive
breast cancers were detected in those assigned to exemestane
and in 32 of those assigned to placebo, with a 65% relative
reduction in the annual incidence of invasive breast cancer
(0.19% vs 0.55%; HR: 0.35; 95% CI: 0.18–0.70; P=0.002).
The annual incidence of invasive plus noninvasive (ductal
carcinoma in situ) breast cancer was 0.35% for exemestane
and 0.77% for placebo (HR: 0.47; 95% CI: 0.27–0.79;
P=0.004). Adverse events occurred in 88% of the exemestane group and 85% of the placebo group (P=0.003), with
no significant differences between the two groups in terms
of skeletal fractures, cardiovascular events, other cancers, or
treatment-related deaths.
Similar results were recently reported for anastrozole,
assessed in the IBIS II trial. This international, double-blind,
placebo-controlled trial randomized 3,864 postmenopausal
women at high risk of breast cancer to receive the NSAI anastrozole or placebo daily for 5 years. After a median follow-up
of 5 years, 40 (2%) of 1,920 women in the anastrozole group
and 85 (4%) of 1,944 in the placebo group had developed
breast cancer (HR: 0·47; 95% CI: 0.32–0.68, P,0.0001).
No differences in breast cancer and all-cause mortality were
detected within the two groups.88

Safety and tolerability
Bone health
AIs decrease circulating estrogen concentrations in postmenopausal women, resulting in accelerated bone loss,
decreased bone mineral density (BMD), and increased risk
of bone fractures.32,90,91
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Data from large Phase III adjuvant trials indicate an
increased risk of bone fractures with exemestane, as well as
anstrozole and letrozole, compared to tamoxifen.55,67,92,93
However, due to the agonistic effects on bone metabolism
induced by tamoxifen,94 caution is required when interpreting
these data as differences in fracture rate may not be due to a
detrimental effect of AIs alone.
Indeed, when compared with placebo, the effects of
exemestane,95 letrozole,96 and anastrozole88 reveal that the
loss in BMD is moderate and not as dramatic as suggested
in the studies where the comparator is tamoxifen.
Notably, AIs’ negative effect on bone metabolism seems
to reverse and disappear upon termination of therapy.55,97
The most comprehensive data on long-term safety of
exemestane come from the adjuvant trials. In the IES trial,
with a median follow-up of 58 months, fractures were
reported for 162 (7%) and 115 (5%) patients in the exemestane and tamoxifen groups, respectively (P=0.003).98 In the
bone substudy of this trial, within 6 months of switching to
exemestane, BMD decreased by 2.7% (95% CI: 2.0–3.4;
P,0.0001) at the lumbar spine and 1.4% (95% CI: 0.8–1.9;
P,0.0001) at the hip compared with baseline, but the BMD
became only 1.0% (95% CI: 0.4–1.7; P=0.002) and 0.8%
(95% CI: 0.3–1.4; P=0.003) in Year 2 at the lumbar spine
and hip, respectively.
Notably, no patient with normal BMD at trial entry developed osteoporosis. Bone resorption and formation markers
increased at all time points in women receiving exemestane
(P,0.001).99 Similarly, in a German bone substudy of
TEAM, patients receiving exemestane registered a decrease
in BMD at the spine and total hip after 6 months, with the
rate of bone loss stabilizing from months 6 to 12.100
In the NSABP-B-33 study, 28 fractures were observed in
the exemestane group and 20 in the placebo group (3.5% vs
2.6%; not significant) up to the time of unblinding.66
Similarly, in the MAP.3 prevention trial, no differences in
clinical fracture rates were described between exemestane and
placebo, and the proportion of women in each group who were
prescribed bisphosphonate therapy during the trial was also
similar (24.5% for exemestane and 24.1% for placebo).89
Compared to NSAIs, animal studies suggested that the
partial androgenic activity of exemestane may be responsible of a minor bone loss compared with the nonsteroidal
AIs.101
The NCIC CTG MA.27 bone substudy (MA27B) was
designed to confirm this hypothesis. The trial was a substudy
of the larger MA27 study and investigated the effects of adjuvant exemestane versus anastrozole given daily for 5 years
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on the BMD of postmenopausal women with early breast
cancer. Approximately 500 women eligible for MA.27 were
randomly assigned to exemestane or anastrozole based on
baseline T-scores: the first group contained women with both
hip and lumbar spine T-scores of -2.0 or more, and the second
contained women with at least one T-score of less than -2.0.
All participants were prescribed calcium and vitamin D
supplementation and women with baseline T-scores less
than -2.0 were on oral bisphosphonates as well.
Investigators found both AIs to have a similar effect on
hip and spine BMD at 2 years for patients with both T-scores
of -2.0 or greater (hip P=0.10; spine P=0.08) and those with
T-scores of less than -2.0 (spine P=0.26 and hip P=0.28).
No differences in bone turnover biomarkers between the two
AIs were reported.102
Thus, MA.27B showed safety for both adjuvant SAIs
and NSAIs in women with osteopenia or osteoporosis, provided they were concomitantly prescribed bisphosphonates,
calcium, and vitamin D.

Muscoloskeletal events
Joint pain and stiffness, including carpal tunnel syndrome,
is a frequent type of toxiciy related to AIs complained by
nearly half of patients in the clinical setting.103
In the IES study, musculoskeletal pain (21% vs 16.1%,
P,0.0001), carpal tunnel syndrome (2.8% vs 0.3%,
P,0.0001), joint stiffness (1.9% vs 1%, P,0.009), paraesthesia (2.8% vs 1%, P,0.0001), and arthralgia (18.6% vs
11.8%, P,0.0001) were reported more frequently in patients
who switched to exemestane than in those who remained on
tamoxifen, respectively, and the same results were reported
by the TEAM trialists, where exemestane monotherapy was
associated with a significantly higher incidence of musculoskeletal adverse events in general (2,448 [50%] vs 2,133
[44%]).63

Lipid metabolism and cardiovascular events
The low levels of circulating estrogens caused by AIs have
been implicated in increased low-density lipoprotein (LDL)
cholesterol and decreased high-density cholesterol levels,
and these changes are considered to increase the risk of
cardiovascular disease.
Most studies, however, did not show marked changes in
lipid parameters induced by letrozole or anastrozole,104 and
exemestane showed no effect on levels of total cholesterol
or its fractions, nor on lipoprotein levels.105
A substudy of the TEAM compared the effect of exemestane on lipid metabolism to that of tamoxifen76; the study
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confirmed the already well-known beneficial effects of
tamoxifen on cholesterol and LDL serum levels and showed
a neutral effect on the lipidemic profile for exemestane.
The absence of major metabolic effects for exemestane
was also observed in a small, randomized study designed to
evaluate the effects of 2 years of adjuvant exemestane versus
placebo on bone and lipid metabolism in early breast cancer
postmenopausal patients.95
Cardiovascular toxicity has been suggested to be more
frequently associated with AIs than with tamoxifen.55,56 Once
again, however, studies comparing AIs with placebo do not
convincingly confirm this potential side effect.
In the IES study, no statistically significant differences
were reported between exemestane and tamoxifen in terms
of the incidence of cardiovascular events reported either
during treatment or including the posttreatment period: the
number of patients with myocardial infarction was low in
both the exemestane and tamoxifen groups (0.6% vs 0.2%,
P=0.06) and the incidence of ischemic heart disease was also
not significantly different (8.0% vs 6.9%, P=0.17). On the
other hand, a statistically significant increase in thromboembolic events among patients continuing with tamoxifen was
described (2.3% vs 1.2%, P=0.004).98
No differences in cardiovascular events were reported in the
MAP.3 prevention trial (exemestane vs placebo: 4.7% vs 4.9%
respectively, P=0.78)89 and in the MA.27 study, where myocardial infarction, stroke, and transient ischemic attacks were not
significantly different between exemestane and anastrozole.68
Finally, these observations do not suggest that AIs in
general, and exemestane in particular, are associated with
an increased risk of cardiovascular mortality.

Gynecological and menopausal symptoms
Because AIs block peripheral estrogen production, they are
usually associated with an increased incidence of vaginal dryness and consequent sexual dysfunction. At this level, their
side effect profile differs from that of tamoxifen which, by virtue of tissue-specific partial agonist action, is associated with
frequent vaginal discharge and endometrial abnormalities.
In the direct comparisons between tamoxifen and exemestane in the TEAM and IES adjuvant studies, gynecological
symptoms (overall incidence) were reported more frequently
in the tamoxifen-containing arms, whereas vaginal dryness
was more frequent in the exemestane arm of the TEAM
study (P=0.038).63,98
A TEAM substudy specifically compared menopausal
symptoms during the first year of adjuvant exemestane
or tamoxifen. As expected, patients receiving exemestane
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reported more frequent vaginal dryness (P=0.0004), whereas
tamoxifen was associated with more frequent vaginal discharge (P,0.0001).106
An IES quality-of-life (QOL) substudy reported, at
a 7.5-year follow-up after start of endocrine treatment, a
significantly higher vaginal discharge rate associated with
tamoxifen (P,0.01) during treatment, with no more differences detectable after study treatment completion. No differences were observed between treatment groups concerning
vaginal dryness.107
As expected, the MAP3 prevention trial reported more
frequent menopausal symptoms and worsening menopauserelated vasomotor and sexual symptoms in patients taking
exemestane, compared to patients on placebo, although no
detrimental effect on health-related QOL was observed.89

Effects on cognitive functioning
At present, limited data from the main multicentric adjuvant studies are available on the effects of AIs on cognitive
functioning.108,109
Regarding exemestane, a neuropsychological crosssectional study from the TEAM trial was conducted to
evaluate the cognitive functioning during the first year of
treatment.110After the first year of adjuvant endocrine therapy,
exemestane was not significantly associated with worsening
in cognitive functioning compared to healthy controls. In
contrast, patients on tamoxifen performed worse than healthy
controls on verbal memory (P,0.01) and executive functioning (P=0.01).

Conclusion
Exemestane is a third-generation irreversible steroidal
inactivator of the aromatase enzyme and is effective in
all the treatment settings for breast cancer, including
chemoprevention.
In the metastatic setting, exemestane has been extensively
investigated as the first-line, second-line, and further-line
treatment and is now registered for the treatment of postmenopausal women with advanced hormone-receptor-positive
breast cancer whose disease has progressed following
antiestrogen therapy. Of note, the potential lack of crossresistance with NSAIs yields additional opportunities in the
treatment sequence of endocrine agents. Furthermore, based
on clinically meaningful results, exemestane with everolimus
represents an effective therapeutic option for a disease that
has progressed after exposure to NSAIs.
As fas as adjuvant therapy is concerned, several options
are feasible, including up-front monotherapy for 5 years, a
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switch following 2–3 years of tamoxifen, or extended therapy
with exemestane beyond 5 years of adjuvant treatment. New
promising data also showed a beneficial effect in young premenopausal early breast cancer patients, when administered
together with OFS.
Exemestane is generally well tolerated, with a side
effect profile similar to that of other AIs and including
menopausal symptoms, arthralgia, bone loss, and altered
lipid metabolism.
Furthermore, compared with tamoxifen, exemestane
causes fewer thromboembolic and gynecological events.
In conclusion, exemestane represents an effective and
well-tolerated hormonal therapeutic option for the treatment
of both early and advanced hormone-receptor-positive breast
cancer, independently from menopausal status.
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