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MIERE LR E 2l 5. VHLIZERS R 5
EERSEIETY ( THHIFABRIEHEL, 70
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ZEARIVEGFR) & & 3 L5555 AT A GBI B R i
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1. Interleukin{IL)-2
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Retrospective study of 670 pis

Risk factors are no prior nephrectomy

KPS<8D
Low HGB
High corrected calcium
High LDH

0 risk factors (164 patients, 30 alive)
1 or 2 risk factors (348 patients, 23 alive)
3, 4, or 5 risk factors (144 patients, 1 alive)

Favorahle risk : 20m
Intermediate risk : 10m
Poor risk : 4m
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o N EIT B 45T REAE ORI
ZMTv 5, BevacizumablfVEGF@O ¥ |k El{kh
HEE T, VEGFRADOTTOHT AV 7+ — Al
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9, L6FloREREEREFARE IS
53wy LEE HEREYIIE T, B,
bevacizumab 3 mg/kg, bevacizumab 10mg/ke
2 TEgsThh, BEFRILEIEL
BEONBLLENTHEE SRTEN, 128

EBRTH 7. B tbevacizumab 305 5 4 &
Tpartial response (PR}AF {4 641, #EEITEEN

Miibevacizumabifd. 80§, fA3EE250H &
HEFED N, Blfefiigrade 3 OBMES
8%, BERNINIIEDLNIAEETE

it THo
i
BT EET RS AEE T L Thevacizumab

{10mg/ke/2w) & IFN-olo-2aF 7 ido-2b, 00 B
R TG 3 B HAIFN B /i i araies
#2 2(AVOREN, CALGBS0206) T4 #, (EIT
BliEoE AR eI, Bevacizumab+IFNIZIFN
RS LTRSS WEL, BT
FHETEELL(E™. LibL, £EEHE
(overall survival ; OS) 22V TIZAVORENSER T
233/ A 192134 H (HR0.91, P = 3360)”, CALGR
FETBIPAMITANR(P=09T)"E, EHb
OEBLUENED LN T, FOERE L
TIHEREOE TR E Ve STV 5, AVOREN
FERTIZIFN +bevacizumab§0055%, TFNERDE3
QTR T, PN+ bevacizumahFEaD35%,
IFNFEOT% TIKI(A=F =7, V572277
FHsR T, BEETTKEzERA ATV
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386740 H, IFNEE33.67 8 (HR0.80 : 0.56~1.13)T
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E3 SRFEHICE ShevacizumabHIFN-o & IFN- 08 11 48R (AVOREN)
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F o f-EiiEiE Ay, Agostino ST A ZF =,
F 40 A AESE I bevacizumab EFEE LT
4 FlEsE L, 24, 48, 48, 72i8 M stable disease
(SD)AEEHTELE L TnA,

3. Bevacizumab®EEE% FAlY Sbiomarker
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2 2 Sunitinib vs. bevacizumab-+IFN  PFS

Study , f‘b‘i&{ﬁ&n PFS  HR , F
AVOREN (Bev+1FN vs, IFN} 327/322  1032wvs. 54 Q.63 < 0,0001
CALGB(Bev+IFN vs. IFN} 369/363 85vs52 071 < 00001
Sunitinib plil{sunitinib vs, IFN)  375/375  1lvs.51 0538 < 0.00001
Sunitinib vs. IFN - 0538 < 00001
Bev+IFN vs, [FN e 0676 < 0.0001
Sunitinib vs, Bev+IFN - 0796 04272
3 B %@%m#&w LE T XL
Setting B Patients Therapy Options
Untreated Good-intermediate Sunitinib HD 12
risk Bevacizumah+IFN  Serafenib
) Poor risk Temsirolimus Sunitinib
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redfractory pts Bevarizumab
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VEGFR or mTOR inhibitor
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Molecular-Target Therapy for Advanced Malignant Melanoma: Shunji Takahashi (Dept. of Medical Oncolegy, Cancer
Institute Hospital, Japanese Foundation for Cancer Research)
Summary

Malignant melanoma is insensitive to chemotherapy, and standard therapy for metastatic melanoma has been dacarbazine
for years, Molecular abnormalities of malignant melsnoma, mainly of MAP kinase signals such as BRAF mutation, have beesn
clarifted, and molecular target theragy for melanoma has been developed recently. Vemurafenib, an inhibitor for mutated
BRAF, has shown its efficacy for the first time, with response rate of more than 50%, and en averall improvement in sunvival
compared with dacarbazing in a phase I study, Skin toxicities including squamous cell carcinoma, are the most savere ad-
verse events. Another BRAF inhibitor, dabrafenid, and a MEK inhibitor, trametinib, have shown excellent efficacy in clinical
studies,

Melanoma alse has high immunogenicity, and cytokines or cell immunaotherapy have shown some efficacy. Recently, the
importance of immung checkpoints which adiust T-cell activation, such as the cytotoxic T-lymphocyte-assodated antigen 4
(CTLA-4), -B7 or the programmed cell death protein-1 (PD1)-PFD1 ligand (PDL1), have been dlarified. Targeting those
immune checkpoints is expected to be effective for enhanding tumor imraunity. CTLA-4 antibody ipilimumab has been report-
ed to improve overall survival in two phase I studiss. Major adverse events were autoimmune response such as colitis,
erugtion, liver dysfunction and endocrinenpathies. Antibodies to PO1 or PDLY have shown a higher response rate than those
of ipifimumab, and seem to accompany fewer autoimmune responses in phase T studies. These two types of targeting
therapy are expecied to be standard therapies for melanoma. Key words: Malignant melanoma, BRAF mutation, CTLA-4,
P01, Corresponding author: Shunji Takahashi, Depariment of Medical Cncology, Cancer Institute Hospital, Japanese Foun-
dation for Cancer Research, 3-8-31 Ariake, Koto-ku, Tokyo 135-8500, Japan

By EEPEEESHECMLTESRSECH), SESERMOENBIIBEEF ARV Thot, ok i
BizowThd BRAFPEREZIHLAE LT MAP knese 250 LASTREOBRASFNHo I =TETEDY., 558
B ECHEEA TV S, SVHENEN S Ao REN BRAF BEHTH 5 vemuralenib T, 50% B Lot
EFALSAYYEOETEERERECB T AE R o EraE N, FEFSLLTHETEEERELD ETIE
REFHFBBC L Tvd, 5 1IHHO BRAF BEH dabrafenib. MEK EEH vametinih (20T H EnRasls
BERTVA,

—5, EEREMIIRERENS, 4 b A4 PR REREoTErRE R TE S BE TER0E R
M AR HE (mmune checkpoints) & LT cvtotaxic T-lvmphocyte-associated antigen 4 (CTLA-4)-B7 %
programmed cell death protein-1 (PDA}-PDI ligand (FDLL) Sh ol esCdh, IhnenfERErRsEY
ELEOEESNE A Lo THRESSEER S RET 55 FEMEREIES s, EEEETLIHENE L,
o TETVE, CTLA HfE hilimumabd o0 B THEREBCSWCTESEM BT A LB E s i, HifE
HeLTEH-n gt (B 28 FEE AZEER 8550 Tv 3. 352D POLLEEC oW T
4 T BT iplinumeb L USRS S A, KENECRERETOREEMEVC EFRE SN T A, §5%
chsO HROFTENESIERLSHoENERII LAl LA RERE,. -
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g EZ

— 129 —



20

i L & iz

BEEEBSHIIHF2BEEEITA P4 ¥ (inter
femrs. interleukin-2) L #FH LRIy OHRTH oA
. BREDEEHOSTREVHS PR TELZE
e ﬁ*ﬁ‘%ﬁﬁ‘}in%ﬁ?ﬁ WMELCEL, £/, BEEESHE
ERERENH (, REdEmRofiefEsn
windt, BEREEG RS L LRERE R
ASTEMEEEODBREFIEEENTWE, Z08H
S L O A FREERIOWTRERET 5.

H1 BEReHosTaE )

s

I. EReHOEs, ARAE

R HER L UFRESIIZAE BEMICEIIRE
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o EREEREOMGEATHELTS (L EEAE
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BT (F 1) FORPTIE L E 2OBRIL S
/44 PSRBT (FAIREIRAD oL, K
4"*#3%»“‘ OB EFRBET L. EREIBEEEIZETC Clark
LY X BSHAMEH 21T E 72 [superficial spreading
melanoma {SSM: BFEH AL, lentigo maligna mela-
noma (LMVM BERTE, acrallentiginous melsnoma
(ALM: 85 F80), nodular melanoma (NM: 85580} 1.
Curtin 5¥ 125 FRELHEELATFEL2RE L [mela
nomas on skin without chronie sun=-induced damage
{C8D)~55M, melanomas on skin with CSD~LMM,
acral melanoma~ALM. mucosal melanomal, ﬁﬁiii
LOoAEEENE LI IR Twh, SFEBRE
??ﬁ%%@.ﬁ%?aﬁmﬁ??Tfﬁmmﬁweﬁ
ETF mucosal tvpe HE5WMY (#£2),

. BtReRoaFsE (B

B, Bl st A RETER oMo
TEAY (#3), TORATRLSHEZFILLATVS
O BRAF BETFOHERERTHL, BRAF &4+
Ve ALF Y ESF—FT, MAPK 88ICE+S,. B8

=1 BESEHORESE

Clark 581 {Z0RRY)

1. superficial spreading melanoma {SSM}
2. lentigo maligna melanoma {LMM}
3. szeral lentiginous melanoma {ALND

4. nodular melanoma (NM)
Bastian classification {303}
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codGene s e Aleration frequency
BRAF H0~50% mutated (VBME/K)
NRAS 15~30% mutated
c-kit 15~20% mutated, soral, mucessl, C5D
GMAILL 5% mutated in wveal
GNAQ 25% mutated in uveal
CDKRZA W~T70% deleted or mutated
PTEN 5~20% deleted or mutzed

Cyclin DI G~44% amplified

BB A BRAFPIRET oM ER T 0 M Lmsi
TwsAHh, £O5 0% VA0 IZEC D (VE0E). Fi
@ MEK, MAPK @#59iHEb 2518825, BRAF
MEHE SSM (D%, BRAF SRR w9 BalidEn
(D eiRNA & X FEI LT BRAF 2l &, #E
By L Uadomy, dlieoBsEs s %,
BRAF EHio) NRAS OfF L S22 R4 15~20% T
B s Ty A, NRAS (2 MEK, MAPK ¥ ¥ F 0%
186 T35 L £ &2, PISK~AKT-mTOR., PLC &% iElE
{42 PSR Ty A, NRASERIZ BRAY Hik
LR & E sy e, Balfode OREETED S
HTWAET, SSM BAOMBRE Tt BRAF BRI 4%
vt D12, crkit OFREERS & e REETIHE
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ABSTRACT

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, 0.43; 95% confidence 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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Y NDOCRINE THERAPY IS THE COR-
-/ nerstone of treatment for patients with
< =4 hOormone-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.* 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.”

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.® An
emerging mechanism of endocrine resistance is
aberrant signaling through the phosphatidylino-
sitol 3-kinase (PI3K)-Akt-mammalian target of
rapamycin (mTOR) signaling pathway.?** 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.!»*3

Everolimus (Afinitor, Novartis) is a sirolimus
(formerly called rapamycin) derivative that inhib-
its mTOR through allosteric binding to mTORC1.*
In preclinical models, the use of everolimus in
combination with aromatase inhibitors results in
synergistic inhibition of the proliferation and in-
duction of apoptosis.*> 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.’® 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.

METHODS

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 NEJ]M
.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.”” 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-
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.

10.1056/N EJM021109653

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.
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.'3

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
boundary?® 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,® 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.

RESULTS

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,
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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. Patient and Tumor Characteristics at Baseline.*
Everolimus Placebo
and Exemestane and Exemestane

Characteristic (N=485) (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 intervali

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 34
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 (%)9

0 60 59

1 36 35

2 2 3
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Table 1. (Continued.)

Characteristic

Purpose of most recent treatment (%)

Adjuvant therapy

Treatment of advanced or metastatic disease
Previous treatment with letrozole or anastrozole (%)
Letrozole or anastrozole as most recent treatment (%)
Previous treatment with antiestrogen (%)

Any antiestrogen

Tamoxifen

Fulvestrant
Previous chemotherapy (%)

Neoadjuvant or adjuvant therapy only

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

No. of previous therapies (%)
1
2
=3

Everolimus Placebo
and Exemestane and Exemestane

(N=485) (N=239)

21 16

79 84

100 100

74 75

57 59

47 49

17 16

44 40

26 26

- 16 18

30 30

54 53

* There were no significant differences in baseline characteristics between the two treatment groups.

7 Race was determined by self-report.

1 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.

9 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.

(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-

10.1056/NEJM0a1109653

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
of adverse events (19% vs. 4%) and withdrawal of
consent (5% vs. 2%). For exemestane discontinu-
ation, the corresponding numbers were 7% ver-
sus 3% and 7% versus 2%. In the combination-
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Placebo and Exemestane

(N=238)

Grade 3
Event

O = O O O O +H O k= = O =

A
—

<1
<1
<1

<1
<1

N O O O

(e

Table 2. Adverse Events Irrespective of Relationship to Study Treatment {with at Least 10% Incidence
in the Everolimus—Exemestane Group).
Everolimus and Exemestane
Adverse Event (N=482)
Grade 3 Grade 4
Any Event Event Event Any Event
percent
Stomatitis 56 8 0 11
Rash 36 1 0 [3
Fatigue 33 3 <l 26
Diarrhea 30 2 <1 16
Decreased appetite 29 1 0 10
Nausea 27 <1 <1 27
Cough 22 1 0 11
Dysgeusia 21 <1 0 5
Headache 19 <l 0 13
Decreased weight 19 1 0 5
Dyspnea 18 4 0 9
Arthralgia 16 1 0 16
Anemia 16 5 1 4
Epistaxis 15 0 0 1
Vomiting 14 <1 <l 11
Peripheral edema 14 1 0 6
Pyrexia 14 <1 0 6
Aspartate aminotransferase level 13 3 <1 6
increased
Constipation 13 <1 0 11
Hyperglycemia 13 4 <1 2
Pneumonitis 12 3 0 0
Thrombocytopenia 12 2 1 <1
Asthenia 12 2 0 3
Alanine aminotransferase level 11 3 <1 3
increased
Pruritus 11 <1 0 3
Insomnia 11 <1 8
Back pain 11 0 8

Grade 4
Event

O O O O O O O o O o

A

o O O O O

o

<1

therapy group, seven deaths attributed to adverse
events (1%) were reported during treatment or
within 28 days after stopping treatment: two deaths
from sepsis and one each from pneumonia, tu-
mor hemorrhage, cerebrovascular incident, renal
failure, and suicide. In the exemestane-alone group,
one death from pneumonia (<1%) was reported

during treatment.

The most common grade 3 or 4 adverse events

were stomatitis (8% in the combination-therapy

group vs. 1% in the exemestane-alone group), ane-

mia (6% vs. <1%), dyspnea (4% vs. 1%), hypergly-

cemia (4% vs. <1%), fatigue (4% vs. 1%), and
pneumonitis (3% vs. 0%) (Table 2). The time to

deterioration of ECOG performance status and

time to deterioration of quality of life ( 5%) were
not statistically different between the two treat-
ment groups (data not shown).
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EFFICACY

The trial met its primary end point, progression-
free survival; the median progression-free surviv-
al, on the basis of radiographic studies assessed
by the local investigators, was 6.9 months for
everolimus plus exemestane versus 2.8 months for
placebo plus exemestane (hazard ratio, 0.43; 95%
confidence interval [CI], 0.35 to 0.54; P<0.001)
(Fig. 1 and Table 3). The median progression-
free survivals on the basis of central assessment
were 10.6 months and 4.1 months, respectively
(hazard ratio, 0.36; 95% CI, 0.27 to 0.47; P<0.001)
(Fig. 1 and Table 3). Both analyses crossed the
prespecified thresholds for significance. The Kap-
lan-Meier estimates beyond week 36 should be
interpreted with caution because of the small
number of patients at risk and lack of adequate
follow-up. The results for progression-free sur-
vival were also consistent across all subgroups
(Fig. 2).

Response rates, on the basis of local assess-
ment, were 9.5% and 0.4% in the combination-
therapy and exemestane-alone groups, respec-
tively (P<0.001), and central assessment showed
consistent results (Table 3). Overall survival results
were immature at the time of the interim analy-
sis, with a total of 83 deaths: 10.7% of patients
in the combination-therapy group and 13.0% of
those in the exemestane-alone group died. Patients
and investigators continue to be unaware of study
assignments and will remain so until survival re-
sults are mature for analysis.

DISCUSSION

The BOLERO-2 study showed that the addition of
everolimus to exemestane significantly improves
progression-free survival, with observed medians
of 6.9 and 2.8 months, corresponding to a 57%
reduction in the hazard ratio. These results were
confirmed with the use of an independent, blinded
radiologic assessment and were consistent across
all subgroups. Our positive results are consistent
with the outcomes of two other studies of evero-
limus and antiestrogen therapy in patients with
HR-positive breast cancer.’®2° In one study in-
volving patients with newly diagnosed breast can-
cer, neoadjuvant everolimus combined with let-
rozole improved the clinical response rate and
decreased tumor-cell proliferation as compared
with letrozole alone.*® More recently, in a random-
ized, phase 2 study involving 111 postmenopausal

A Local Assessment
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Figure 1. Kaplan—Meier Plot of Progression-free Survival.

progression-free survival.

Panel A shows progression-free survival on the basis of local assessment
of radiographic studies, and Panel B shows central assessment. PFS denotes

women with ER-positive advanced breast cancer
previously treated with an aromatase inhibitor,
the combination of everolimus and tamoxifen
was associated with significantly improved pro-
gression-free survival relative to tamoxifen alone
(8.6 months vs. 4.5 months, P=0.002) and with
significantly improved overall survival (median
not reached vs. 24.4 months, P=0.01).2° Taken
together, these studies suggest that everolimus
adds to the anticancer activity of antiestrogen ther-
apy in a variety of clinical settings and with dif-
ferent classes of endocrine agents.

The magnitude of the observed benefit com-

10.1056/NEjM0a1109653 NEJM.ORG

— 142 —




