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A bs tr ac t

Background
Resistance to endocrine therapy in breast cancer is associated with activation of the 
mammalian target of rapamycin (mTOR) intracellular signaling pathway. In early 
studies, the mTOR inhibitor everolimus added to endocrine therapy showed antitu-
mor activity.
Methods
In this phase 3, randomized trial, we compared everolimus and exemestane versus 
exemestane and placebo (randomly assigned in a 2:1 ratio) in 724 patients with hor-
mone-receptor–positive advanced breast cancer who had recurrence or progression 
while receiving previous therapy with a nonsteroidal aromatase inhibitor in the 
adjuvant setting or to treat advanced disease (or both). The primary end point was 
progression-free survival. Secondary end points included survival, response rate, 
and safety. A preplanned interim analysis was performed by an independent data 
and safety monitoring committee after 359 progression-free survival events were 
observed.
Results
Baseline characteristics were well balanced between the two study groups. The median 
age was 62 years, 56% had visceral involvement, and 84% had hormone-sensitive 
disease. Previous therapy included letrozole or anastrozole (100%), tamoxifen (48%), 
fulvestrant (16%), and chemotherapy (68%). The most common grade 3 or 4 adverse 
events were stomatitis (8% in the everolimus-plus-exemestane group vs. 1% in the 
placebo-plus-exemestane group), anemia (6% vs. <1%), dyspnea (4% vs. 1%), hyper-
glycemia (4% vs. <1%), fatigue (4% vs. 1%), and pneumonitis (3% vs. 0%). At the 
interim analysis, median progression-free survival was 6.9 months with everolimus 
plus exemestane and 2.8 months with placebo plus exemestane, according to assess-
ments by local investigators (hazard ratio for progression or death, 0.43; 95% confi-
dence interval [CI], 0.35 to 0.54; P<0.001). Median progression-free survival was 10.6 
months and 4.1 months, respectively, according to central assessment (hazard ratio, 
0.36; 95% CI, 0.27 to 0.47; P<0.001).
Conclusions
Everolimus combined with an aromatase inhibitor improved progression-free survival 
in patients with hormone-receptor–positive advanced breast cancer previously treated 
with nonsteroidal aromatase inhibitors. (Funded by Novartis; BOLERO-2 ClinicalTrials 
.gov number, NCT00863655.)
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Endocrine therapy is the cor­
nerstone of treatment for patients with 
hormone-receptor (HR)–positive advanced 

breast cancer. In postmenopausal patients, aroma-
tase inhibitors (e.g., letrozole and anastrozole) 
have become the treatment of choice in first-line 
therapy.1-5 Unfortunately, not all patients have a 
response to first-line endocrine therapy (primary 
or de novo resistance), and even patients who have 
a response will eventually relapse (acquired resis-
tance). On disease progression, second-line treat-
ment options include other classes of aromatase 
inhibitors (steroidal or nonsteroidal) and the es-
trogen-receptor (ER) antagonists fulvestrant and 
tamoxifen.6,7

The study of resistance to endocrine therapies 
in HR-positive breast cancer has aimed at iden-
tifying new therapeutic strategies that would en-
hance the efficacy of endocrine therapies.8 An 
emerging mechanism of endocrine resistance is 
aberrant signaling through the phosphatidylino-
sitol 3-kinase (PI3K)–Akt–mammalian target of 
rapamycin (mTOR) signaling pathway.9-11 Grow-
ing evidence supports a close interaction between 
the mTOR pathway and ER signaling. A substrate 
of mTOR complex 1 (mTORC1), called S6 kinase 1, 
phosphorylates the activation function domain 1 
of the ER, which is responsible for ligand-inde-
pendent receptor activation.12,13

Everolimus (Afinitor, Novartis) is a sirolimus 
(formerly called rapamycin) derivative that inhib-
its mTOR through allosteric binding to mTORC1.14 
In preclinical models, the use of everolimus in 
combination with aromatase inhibitors results in 
synergistic inhibition of the proliferation and in-
duction of apoptosis.15 In a randomized, phase 2 
study comparing neoadjuvant everolimus plus let
rozole with letrozole alone in patients with newly 
diagnosed ER-positive breast cancer, the response 
rate for the combination was higher than that 
for letrozole alone.16 The Breast Cancer Trials of 
Oral Everolimus-2 (BOLERO-2) study reported here 
evaluated the efficacy and safety of the combina-
tion of everolimus and exemestane in patients 
with HR-positive breast cancer refractory to non-
steroidal aromatase inhibitors.

Me thods

Roles of the Sponsor and Authors

The study was designed by the academic investi-
gators and by representatives of the sponsor, No-
vartis. The data were collected with the use of the 

sponsor’s data-management systems and were 
analyzed by the sponsor’s statistical team. All au-
thors vouch for the accuracy and completeness of 
the reported data and attest that the study con-
formed to the protocol and statistical analysis plan, 
available with the full text of this article at NEJM 
.org. Contributions to the interpretation of data 
and the subsequent writing, reviewing, and amend-
ing of the manuscript were made by all authors. 
The first draft of the manuscript was prepared by 
the first and last authors and by the trial’s lead 
physician at Novartis. No one who is not an au-
thor contributed to writing the manuscript.

Patients

Eligible patients were postmenopausal women with 
ER-positive, human epidermal growth factor re-
ceptor type 2 (HER2)–nonamplified advanced 
breast cancer whose disease was refractory to 
previous letrozole or anastrozole, defined as re-
currence during or within 12 months after the end 
of adjuvant treatment or progression during or 
within 1 month after the end of treatment for ad-
vanced disease. Letrozole or anastrozole did not 
have to be the most recent treatment before ran-
domization, but recurrence or progression during 
receipt of the most recent systemic therapy had 
to be documented before randomization. Other 
previous anticancer endocrine treatments and a 
single prior chemotherapy regimen for advanced 
disease were also allowed.

Patients had to have at least one measurable 
lesion or mainly lytic bone lesions in the absence 
of measurable disease. Patients also had to have 
an Eastern Cooperative Oncology Group (ECOG) 
performance status of 2 or less (on a scale from 
0 to 5, with 0 indicating that the patient is fully 
active, 1 indicating that the patient is restricted 
in physically strenuous activity but is ambulatory 
and able to carry out work of a light or sedentary 
nature, and 2 indicating that the patient is am-
bulatory and capable of all self-care but unable to 
work) and adequate organ and hematologic func-
tions.17 Exclusion criteria included a history of 
brain metastases and previous treatment with ex-
emestane or mTOR inhibitors.

Written informed consent was obtained from 
all patients before enrollment. The institutional 
review board at each participating center approved 
the study, which was conducted in accordance 
with the principles of Good Clinical Practice, the 
provisions of the Declaration of Helsinki, and 
other applicable local regulations. A steering com-
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mittee supervised the conduct of the study, and 
an independent data and safety monitoring com-
mittee performed semiannual safety reviews and 
reviewed the interim efficacy results.

Study Design and Treatment

In this international, double-blind, phase 3 study, 
patients were randomly assigned to treatment with 
oral everolimus or matching placebo (at a dose of 
10 mg daily), in conjunction with exemestane 
(25 mg daily). Randomization, at a 2:1 ratio in 

favor of the everolimus–exemestane group, was 
stratified according to the presence of visceral 
metastasis and previous sensitivity to endocrine 
therapy. The latter was defined as at least 24 months 
of endocrine therapy before recurrence in the ad-
juvant setting or a response or stabilization for at 
least 24 weeks of endocrine therapy for advanced 
disease.

The primary end point was progression-free 
survival, on the basis of radiographic studies as-
sessed by the local investigators, with central as-

Table 1. Patient and Tumor Characteristics at Baseline.*

Characteristic

Everolimus  
and Exemestane

(N = 485)

Placebo  
and Exemestane

(N = 239)

Age (yr)

Median 62 61

Range 34–93 28–90

Race (%)†

White 74 78

Black 3 1

Asian 20 19

Other 3 2

Disease-free interval‡

Median (mo) 58 57

Range (mo) 1–340 5–316

<12 mo (%) 2 4

12–24 mo (%) 5 6

>24 mo (%) 56 54

No adjuvant therapy (%) 31 31

Previous sensitivity to endocrine therapy (%) 84 84

Visceral disease (%) 56 56

Measurable disease (%)§ 70 68

Metastatic site (%)

Lung 29 33

Liver 33 30

Bone 76 77

No. of metastatic sites (%)

1 32 29

2 31 34

≥3 36 37

ECOG performance status (%)¶

0 60 59

1 36 35

2 2 3
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sessment by an independent radiology commit-
tee used in a supportive analysis. Secondary end 
points included overall survival, overall response 
rate, clinical benefit rate, time to deterioration 
of ECOG performance status, safety, and quality 
of life, with the use of the European Organization 
for Research and Treatment of Cancer quality-of-
life core questionnaire (QLQ-C30) and the breast 
cancer module (QLQ-BR23). Blood levels of evero-
limus and plasma levels of exemestane were as-
sessed 4 weeks after randomization (both before 
and 2 hours after the medications were taken) in 
a subgroup of 80 patients. Plasma levels of estra-
diol were assessed at screening or day 1 before 
starting trial therapy and at week 4 for the same 
patients.

Treatment continued until disease progression, 
the development of unacceptable toxicity, or with-

drawal of consent. The protocol provided detailed 
guidelines for dose interruptions or reductions 
for everolimus and matched placebo for adverse 
events. In such cases, two reductions in the evero-
limus or placebo dose were permitted: an initial 
reduction to 5 mg daily and a subsequent reduc-
tion to 5 mg every other day.

Efficacy and Safety Assessments

Tumor assessment included computed tomograph-
ic (CT) scanning or magnetic resonance imaging 
(MRI) of the chest, abdomen, and pelvis at base-
line and every 6 weeks until disease progression. 
Patients who discontinued one or both study treat-
ments for any reason other than progression were 
required to follow the same schedule of assess-
ments until progression. All imaging studies were 
required to be sent for central radiologic review. 

Table 1. (Continued.)

Characteristic

Everolimus  
and Exemestane

(N = 485)

Placebo  
and Exemestane

(N = 239)

Purpose of most recent treatment (%)

Adjuvant therapy 21 16

Treatment of advanced or metastatic disease 79 84

Previous treatment with letrozole or anastrozole (%) 100 100

Letrozole or anastrozole as most recent treatment (%) 74 75

Previous treatment with antiestrogen (%)

Any antiestrogen 57 59

Tamoxifen 47 49

Fulvestrant 17 16

Previous chemotherapy (%)

Neoadjuvant or adjuvant therapy only 44 40

Treatment of metastatic disease (with or without neoad-
juvant or adjuvant therapy)

26 26

No. of previous therapies (%)‖

1 16 18

2 30 30

≥3 54 53

*	There were no significant differences in baseline characteristics between the two treatment groups.
†	Race was determined by self-report.
‡	Disease-free interval is defined as the time from diagnosis of breast cancer to first relapse in patients who received ad-

juvant therapy (308 patients in the combination-therapy group and 153 patients in the exemestane-alone group).
§	All other patients had at least one mainly lytic bone lesion.
¶	Scores for Eastern Cooperative Oncology Group (ECOG) performance status range from 0 to 5, with 0 indicating that 

the patient is fully active, 1 indicating that the patient is restricted in physically strenuous activity but is ambulatory and 
able to carry out work of a light or sedentary nature, and 2 indicating that the patient is ambulatory and capable of all 
self-care but unable to work.

‖	Previous therapies include those used in the adjuvant setting or to treat advanced disease.
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A bone scan or skeletal survey was required with-
in 6 weeks before randomization. Abnormalities 
shown on bone scans were assessed by radiogra-
phy, CT scanning with bone windows, or MRI be-
fore randomization and were assessed using the 
same method every 6 weeks. Hematologic func-
tion, biochemical measures, and vital signs were 
assessed at baseline and at each visit, and the lipid 
profile was assessed every 6 weeks. Adverse events 
were monitored continuously throughout the study 
and graded according to the National Cancer In-
stitute Common Terminology Criteria for Adverse 
Events, version 3.0.18

Statistical Analysis

The primary efficacy analysis (progression-free 
survival), based on local assessment, was a log-
rank test stratified according to visceral metasta-
ses and previous hormone sensitivity. A total of 
528 progression-free survival events were required 
for the final analysis, in order to detect a hazard 
ratio of 0.74 with 90% power with the use of a 
log-rank test and a two-look Lan–DeMets group-
sequential design with an O’Brien–Fleming-type 
boundary19 at a one-sided cumulative 2.5% level 
of significance. Further assuming a median pro-
gression-free survival of 3.7 months in the con-
trol group,6 18 months of recruitment, a 10% rate 
of loss to follow-up, and a 2:1 randomization ra-
tio in favor of the everolimus–exemestane group, 
705 patients were to be randomly assigned. The 
study had a prespecified interim analysis after 
the observation of approximately 60% of the pro-
gression-free survival events (the event count was 
359). At the time of the interim analysis, the data 
and safety monitoring committee was to disclose 
that the trial met its primary end point only if 
both analyses of progression-free survival (local 
and central assessments) crossed the thresholds 
of significance, as prospectively defined in the 
charter of the committee.

R esult s

Patients

A total of 724 women at 189 centers in 24 coun-
tries were randomly assigned to the combination 
either of everolimus and exemestane (485 patients, 
hereafter called the combination-therapy group) 
or exemestane and placebo (239 patients, hereaf-
ter called the exemestane-alone group), from June 
2009 through January 2011 (Fig. 1 in the Supple-

mentary Appendix, available at NEJM.org). Base-
line characteristics were well balanced. The me-
dian age was 62 years, 56% of the patients had 
visceral involvement, and 76% had bone metasta-
sis. Sixty-nine percent of the patients had mea-
surable disease, and all other patients had at least 
one mainly lytic bone lesion. Thirty-six percent 
had metastases in at least three organs. Accord-
ing to local assessment, all patients had ER-pos-
itive tumors, and 72% had progesterone-receptor–
positive disease. All patients had HER2-negative 
tumors (by protein or gene analysis), except 2 for 
whom the result was missing. Earlier therapies 
included letrozole or anastrozole (100%), tamox-
ifen (48%), fulvestrant (16%), and chemotherapy 
(68%), with a median of three previous therapies. 
The most recent therapy before randomization 
was letrozole or anastrozole in 74% of the patients 
(Table 1). By the protocol definition, 84% of the 
patients had previous sensitivity to endocrine 
therapy.

Treatment

At the cutoff date (February 11, 2011), 296 pa-
tients were still receiving study treatment: 227 
(47%) in the combination-therapy group and 69 
(29%) in the exemestane-alone group. The median 
duration of exposure to everolimus was 14.6 weeks, 
as compared with 12.0 weeks of exposure to pla-
cebo; as for exposure to exemestane, the median 
duration was 17.4 weeks in the combination-
therapy group versus 12.0 weeks in the exemes-
tane-alone group. The most frequent primary rea-
son for discontinuation was disease progression 
(37% in the combination-therapy group and 66% 
in the exemestane-alone group).

Data from the patients in the clinical phar-
macology component of the trial showed that 
everolimus does not affect plasma concentrations 
of endogenous estradiol, and estradiol levels were 
not different between the two treatment groups 
(data not shown).

Safety

Serious adverse events, as defined in the proto-
col, were reported among 23% of patients in the 
combination-therapy group (11% attributed to 
study treatment) and 12% in the exemestane-alone 
group (1% attributed to study treatment). A high-
er percentage of patients discontinued everoli
mus in the combination-therapy group than dis-
continued placebo in the control group because 
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