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abstract

PURPOSE Endocrine therapy resistance in advanced breast cancer remains a significant clinical problem that
may be overcome with the use of histone deacetylase inhibitors such as entinostat. The ENCORE301 phase II
study reported improvement in progression-free survival (PFS) and overall survival (OS) with the addition of
entinostat to the steroidal aromatase inhibitor (AI) exemestane in advanced hormone receptor (HR)–positive,
human epidermal growth factor receptor 2 (HER2)–negative breast cancer.

PATIENTS AND METHODS E2112 is a multicenter, randomized, double-blind, placebo-controlled phase III study
that enrolled men or women with advanced HR-positive, HER2-negative breast cancer whose disease pro-
gressed after nonsteroidal AI. Participants were randomly assigned to exemestane 25 mg by mouth once daily
and entinostat (EE) or placebo (EP) 5 mg by mouth once weekly. Primary end points were PFS by central review
and OS. Secondary end points included safety, objective response rate, and lysine acetylation change in
peripheral blood mononuclear cells between baseline and cycle 1 day 15.

RESULTS Six hundred eight patients were randomly assigned during March 2014-October 2018. Median age
was 63 years (range 29-91), 60% had visceral disease, and 84% had progressed after nonsteroidal AI in
metastatic setting. Previous treatments included chemotherapy (60%), fulvestrant (30%), and cyclin-
dependent kinase inhibitor (35%). Most common grade 3 and 4 adverse events in the EE arm included
neutropenia (20%), hypophosphatemia (14%), anemia (8%), leukopenia (6%), fatigue (4%), diarrhea (4%),
and thrombocytopenia (3%). Median PFS was 3.3 months (EE) versus 3.1 months (EP; hazard ratio 5 0.87;
95% CI, 0.67 to 1.13; P5 .30). Median OS was 23.4 months (EE) versus 21.7 months (EP; hazard ratio5 0.99;
95% CI, 0.82 to 1.21; P 5 .94). Objective response rate was 5.8% (EE) and 5.6% (EP). Pharmacodynamic
analysis confirmed target inhibition in entinostat-treated patients.

CONCLUSION The combination of exemestane and entinostat did not improve survival in AI-resistant advanced
HR-positive, HER2-negative breast cancer.

J Clin Oncol 39:3171-3181. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Endocrine therapy is the backbone of systemic
treatment for advanced hormone receptor (HR)–
positive, human epidermal growth factor receptor 2
(HER2)–negative breast cancer.1 Treatment resis-
tance, however, is a significant clinical problem that
may be overcome by combining endocrine therapies
with agents targeting resistance mechanisms.2 In re-
cent years, a number of agents that improve patient
outcomes have been approved by regulatory agencies
in this setting, including those targeting the mammalian

target of rapamycin, phosphatidylinositide 3-kinase,
and cyclin-dependent kinase (CDK) pathways.3-5

However, ongoing development of novel strategies is
essential as drug resistance ultimately develops despite
this broadening treatment portfolio.

Epigenetic modification alters gene expression leading
to endocrine therapy resistance and may be reversed
by epigenetic modifiers such as histone deacetylase
(HDAC) inhibitors.6-8 Entinostat, an oral HDAC inhib-
itor, induces protein lysine acetylation in preclinical
models, which leads to downregulation of estrogen-
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independent growth factor signaling pathways and nor-
malization of estrogen receptor levels.9,10 Entinostat has
also overcome endocrine therapy resistance in letrozole-
resistant mouse models.7 On the basis of these promising
data, the ENCORE301 randomized phase II study was
conducted in patients with advanced HR-positive, HER2-
negative breast cancer.11 An improvement in progression-
free survival (PFS) and overall survival (OS) was observed
with the addition of entinostat to the steroidal aromatase
inhibitor (AI) exemestane. Interestingly, protein lysine
acetylation in peripheral blood mononuclear cells (PBMCs)
was associated with prolonged PFS in the entinostat arm.

In the phase III confirmatory E2112 trial, we hypothesized
that the addition of entinostat to exemestane would improve
PFS and/or OS in patients with advanced breast cancer
resistant to a nonsteroidal AI (NCT02115282).

PATIENTS AND METHODS

Eligibility

Eligible patients were adult women and men who had
histologically confirmed invasive adenocarcinoma of the
breast, metastatic or locally advanced and not amenable to
local therapy with curative intent. Tumors (from primary or
metastatic sites) must have expressed estrogen receptor
and/or progesterone receptor, with $ 1% staining of cells
being considered positive, and be HER2-negative defined
by international guidelines.12,13 Study participants must
have experienced disease progression after nonsteroidal AI
use in the adjuvant (progression on or within # 12 months
of completion) or metastatic setting.

One prior chemotherapy for metastatic disease, prior
treatment with fulvestrant, and prior CDK inhibitor were
permitted but not required and must have been completed
two weeks before random assignment. Eastern Cooperative
Oncology Group performance status 0-1 with measurable
or nonmeasurable (limited to 20% of the study population)
disease was required. Exclusion criteria included a history

of prior exemestane use (other than within 4 weeks of study
entry), HDAC inhibitor use (eg, valproic acid), and central
nervous system metastases. Participants signed a written
informed consent approved by the Central Institutional
Review Board of the National Cancer Institute or by the
participating institution’s local Institutional Review Board.

Study Design

In this international, double-blind, placebo-controlled
phase III trial, participants were equally randomly
assigned to treatment with exemestane and entinostat (EE)
or placebo (EP). The treatments were assigned using
permuted blocks within strata, with dynamic balancing
within main institutions and their affiliate networks. The
coprimary end points of the trial were PFS based on central
review, and OS. Secondary end points included toxicity,
time to treatment deterioration (TTD), objective response
rate (ORR), patient-reported outcomes (PROs), adherence
to protocol therapy, and association between lysine acet-
ylation change and PFS or OS. Stratification factors in-
cluded the setting in which resistance to prior nonsteroidal
AI developed (adjuvant or metastatic), geographic region,
presence of visceral disease, and prior fulvestrant use; the
latter added as a stratification factor after a Protocol
amendment permitted prior fulvestrant.

Participants received exemestane 25 mg by mouth once
daily and entinostat or placebo 5 mg by mouth once every
week (28-day cycle) until disease progression or unac-
ceptable toxicity. Entinostat or placebo was taken on an
empty stomach, at least 1 hour before and 2 hours after a
meal or snack. A dosage of 3.6 mg of goserelin was ad-
ministered subcutaneously to pre- and perimenopausal
female and male participants on day 1 of each cycle. Dose
modifications are detailed in the study Protocol (online only).
Dose reduction of entinostat or placebo to 3 mg because of
toxicity was permitted; protocol therapy was permanently
discontinued if more than two doses of entinostat or placebo
were omitted in a single cycle because of entinostat- or
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placebo-related toxicity. Exemestane dose reductions were
not permitted.

Tumor status was assessed at baseline with computed to-
mography of chest and computed tomography or magnetic
resonance imaging of abdomen and pelvis, and bone scan,
with reassessment every 12 weeks while on treatment and
until first progression of disease. Adverse events (AEs) were
graded according to Common Terminology Criteria for Ad-
verse Events (version 4.0) during study treatment and at
30 days after last dose of protocol therapy. Peripheral blood
samples were obtained at baseline and 15 days after
treatment initiation (C1D15) for lysine acetylation analysis by
multiparameter flow cytometry of PBMCs (integrated bio-
marker).11 The PRO assessment schedule is outlined in the
study Protocol and will be reported separately (Protocol).

The trial was conducted according to the principles of Good
Clinical Practice and the Declaration of Helsinki. The
conduct of the trial was monitored by the Eastern Coop-
erative Oncology Group–American College of Radiology
Imaging Network Data and Safety Monitoring Committee
twice annually, including safety, study progress, and in-
terim efficacy results.

Statistical Considerations

A sample size of 600 participants and 410 deaths were
required for 80%power to detect a 25% reduction in the OS
failure hazard rate (median OS: 22 v 29.3 months), with
one-sided type I error of 2.4%. The PFS end point was
tested in the first 360 participants and was based on central
imaging review by the American College of Radiology
Center for Research and Innovation. With 247 PFS events,
the study had 88.5% power to detect a 42% reduction in
the PFS failure hazard rate (median PFS: 4.1 v 7.1months),
with one-sided type I error of 0.1%. PFS was monitored
using a linear 20% inefficacy boundary method, and OS
was monitored using group sequential method. An interim
futility analysis plan for PFS was incorporated in the study
design (linear 20% inefficacy boundary method), as well as
an interim efficacy and futility analysis plan for OS (trun-
cated Lan-DeMets spending function corresponding to the
O’Brien-Fleming boundary).

The primary analysis of PFS in the intent-to-treat population
included follow-up through the 247th PFS event defined by
central review within the first 360 patients enrolled. PFS
was defined to be time from random assignment to the
earliest documented disease progression as defined by
RECIST version 1.1 criteria, new primary breast cancer, or
death without progression. Cases with incomplete follow-up
or without adequate disease evaluations were censored at
the date last documented to be free of progression, re-
gardless of whether nonprotocol anticancer therapy was
started or not. Patients without any postrandomization
imaging were censored at random assignment. OS was
defined to be time from random assignment to death from
any cause. Cases still alive were censored at the date last

known alive. The distributions of PFS and OS were esti-
mated using the Kaplan-Meier method, with 95% CIs
calculated using Greenwood’s formula. Sensitivity analyses
performed for PFS end point included analyses of eligible
patients and consideration of those receiving nonprotocol
therapy before disease progression as PFS events. Differ-
ence in treatment effect was tested using stratified log-rank
tests, and treatment effect was estimated via stratified Cox
proportional hazard models.

The incidence of treatment-related AEs of any grade and
grades 3-5 was summarized and compared between
treatment arms using Fisher’s exact test. TTD was defined
as time from random assignment to disease progression,
death, or worsening of symptoms, whichever occurred first.
ORR was defined as proportion of patients with best overall
response of complete response or partial response among
patients with measurable disease. ORR was summarized
along with the exact binomial 95% CI and compared be-
tween the two arms using Fisher’s exact tests. In all ana-
lyses, P values were two-sided. A level of .002 was
considered statistically significant for stratified log-rank test
for the primary PFS analysis. For the OS comparison, the
nominal significance level for stratified log-rank test was
.037. A level of .05 was used for statistical significance for
all other tests. All analyses were conducted using STATA
v16.

This report was based on data available as of May 5, 2020,
except for the PFS end point. The central review data for the
PFS end point was finalized on September 4, 2018, after
249 PFS events in the first 360 patients. The research
Protocol and article were written by the authors and
reviewed by the pharmaceutical funders, who were not
involved in study analysis or interpretation of results.

RESULTS

Patient Characteristics

From March 2014 to October 2018, 608 participants (305
EE arm and 303 EP arm) were enrolled from 111 centers in
the United States and South Africa (n 5 9), including 86
ineligible participants (Fig 1). Baseline characteristics were
well-balanced between the arms (Table 1). Median age was
63 years (range: 29-91), 60% of participants had visceral
disease, and a majority (84%) had disease resistant to AI in
the metastatic setting at study entry. Regarding prior
treatment; 60% had received prior chemotherapy (25%
had received in the advanced setting), 35% prior CDK
inhibitor, and 30% prior fulvestrant.

Treatment and Treatment Safety

Of the 608 participants randomly assigned, 589 started
protocol therapy (296 EE arm and 293 EP arm; Fig 1). At
the data cutoff date (May 2020), six patients were still on
treatment (three on each arm). The median number of
treatment cycles received was three on both arms (range:
1-43 EP arm and 1-49 EE arm). Dose modification for
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entinostat or placebo (eg, discontinuation, delay, hold,
missed, and reduced) occurred in 70% (206 of 296) on EE
arm and 47% (138 of 293) on EP arm. Dose reduction of
entinostat or placebo was required in 30% of patients (88 of
296) on EE arm and 3% (8 of 293) on EP arm; discontinuation
of therapy because of AEs was more common in patients
receiving EE than EP (16% v 8%, P5 .002). Themain reason
for discontinuation of protocol therapy was disease progres-
sion for both arms (74% EE arm v 79% EP arm).

The most common grade 3 and 4 AEs in the EE arm were
neutropenia (20%), hypophosphatemia (14%), anemia
(8%), leukopenia (6%), fatigue (4%), and diarrhea (4%;
Table 2). The incidence of grade 3 or higher toxicity was
33% (95% CI, 30 to 37) in the overall population: 51% on
EE arm (95% CI, 45 to 57) and 16% on EP arm (95% CI, 12
to 20; P , .001). A total of 28 (13 EP arm and 15 EE arm)
grade 5 or fatal AEs occurred on the trial, with four of these
deemed possibly related to the protocol treatment, in-
cluding heart failure, pneumonitis, and hepatic failure (EE
arm) and myocardial infarction (EP arm).

Treatment Efficacy

Of the first 360 patients for the PFS end point (the 360th
patient was randomly assigned on October 28, 2016), 16

patients did not have any postrandomization scans and
could not be centrally reviewed (seven died, eight withdrew
consent, and one patient was alive as of September 4,
2018, the data cutoff date for PFS). Of the 344 patients with
central review data on their disease status, 249 patients
had experienced disease progression or died. The 247th
PFS event occurred on November 22, 2017, and all follow-
up through that date was included in the final analysis for
PFS end point. The median PFS was 3.3 months (95% CI,
3.1 to 5.3) in the EE arm and 3.1 months (95% CI, 3.0 to
3.3) in the EP arm. There was no significant difference in
PFS between the arms (two-sided stratified log-rank
P 5 .30; hazard ratio 5 0.87 for EE and EP; 95% CI,
0.67 to 1.13; Table 3 and Fig 2). Sensitivity analyses found
similar results (data not shown).

As of May 5, 2020, 412 deaths had occurred and the final
OS analysis was performed. The median OS was
23.4 months (95% CI, 21.2 to 25.6) on the EE arm and
21.7 months (95% CI, 19.3 to 27.1) on the EP arm (Fig 2).
There was no significant difference in OS between the two
arms (stratified log-rank P5 .94; hazard ratio5 0.99; 95%
CI, 0.82 to 1.21). Subgroup analysis showed similar results
in all subgroups for PFS and OS (data not shown). The

Entinostat arm (n = 305) Placebo arm (n = 303)

Stratification factors
    Setting in which patients developed resistance to

    nonsteroid AI treatment (adjuvant v metastatic) 
    Geographic region (United States v others)
    Visceral disease (yes v no)
    Prior fulvestrant use (yes v no) 

Random assignment
(N = 608) 

Received protocol therapy  (n = 296) Received protocol therapy  (n = 293)

Ineligible     (n = 40)
No therapy    (n = 9) 

Still on treatment                                           (n = 3)
Discontinued  treatment                           (n = 293)
  Disease progression                             (n = 216)
  AEs                                                         (n = 49)
  Death on study                                        (n = 1)
  Patient withdrawal                                  (n = 11)
  Alternative therapy                                 (n = 1)
  Complicating disease                              (n = 0)

       (n = 7)  Symptomatic progression and 
   deterioration                                                    
Noncompliance                                          (n = 5)  
Others                                                          (n = 3)

Ineligible      (n = 46)
No therapy  (n = 10)

Still on treatment                                              (n = 3)
Discontinued  treatment                          (n = 290)
  Disease progression                                  (n = 229)
  AEs                                              (n = 23)
  Death on study                                               (n = 3)
  Patient withdrawal                                       (n = 10)
  Alternative therapy                                       (n = 1)
  Complicating disease                                    (n = 3)

(n = 18)  Symptomatic progression and 
  deterioration    
Noncompliance                                              (n = 1)  
Others                                                               (n = 2)

Efficacy analysis population   (n = 305)
Safety analysis population     (n = 296)

Efficacy analysis population   (n = 303)
Safety analysis population     (n = 293)

FIG 1. CONSORT diagram. AEs, adverse events; AI, aromatase inhibitor.
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TABLE 1. Baseline Characteristics in the Intention-to-Treat Population

Variable

Entinostat Placebo

No. % No. %

Age, median, years (range) 63 (31-91) 63 (29-90)

Sex

Female 302 99.0 300 99.0

Male 3 1.0 3 1.0

Race

White 246 80.7 244 80.5

Black 42 13.8 49 16.2

Others 17 5.6 10 3.3

Ethnicity

Non-Hispanic 284 93.1 278 91.8

Hispanic 18 5.9 18 5.9

Unknown 3 1.0 7 2.3

ECOG PS

0 175 57.4 172 56.8

1 130 42.6 131 43.2

BMI, kg/m2

, 25 74 24.3 80 26.4

25-30 90 29.5 89 29.4

$ 30 141 46.2 134 44.2

Menopausal status

Premenopausal 8 2.6 9 3.0

Perimenopausal 1 0.3 6 2.0

Postmenopausal 293 96.1 285 94.1

Not applicable 3 1.0 3 1.0

Measurable disease

Yes 242 79.3 230 75.9

No 63 20.7 73 24.1

Visceral disease

Yes 187 61.3 179 59.1

No 118 38.7 124 40.9

ER status

Negative 0 2 0.7

Positive 305 100.0 301 99.3

ER, %

. 10 273 89.5 273 90.1

, 10 4 1.3 8 2.6

Unknown 28 9.2 22 7.3

PR status

Negative 78 25.6 64 21.1

Positive 225 73.8 239 78.9

Unknown 2 0.7 0

Prior chemotherapy 182 59.7 182 60.1

(continued on following page)
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median TTD was 2.9 months (95% CI, 2.8 to 3.1) in the EE
arm and 2.9 months (95% CI, 2.8 to 3) in the EP arm,
among the 351 participants in the first 360 patients who
started protocol therapy. The ORR among 472 of 608
patients with measurable disease was 5.8% (14 of 242;
95% CI, 3.2 to 9.5) in the EE arm and 5.6% (13 of 230;
95% CI, 3.0 to 9.5) in the EP arm.

Pharmacodynamic End Point

Among the 608 participants enrolled, 505 consented to
the integrated biomarker study. Participants on EE had
significantly higher increase in lysine acetylation in
PBMCs by C1D15 than patients on EP (397 paired
samples available for analysis [189 EE and 208 EP], P ,
.001 for all; Fig 3), indicating HDAC inhibitor target in-
hibition. The median fold change in lysine acetylation was
approximately 1.5 in the EE arm and one in the EP arm.
Future analyses will evaluate prognostic information in
entinostat-treated patients, alongside pharmacogenomic
and pharmacokinetic data.

DISCUSSION

The E2112 trial was designed to test the hypothesis that the
addition of entinostat to exemestane would improve PFS
and/or OS in patients with AI-resistant HR-positive, HER2-
negative advanced breast cancer. This randomized double-
blind placebo-controlled phase III trial accrued its target
population but did not meet either coprimary end point and
thus does not support a role for entinostat in this setting.
The most common toxicities observed included fatigue and
hematologic, gastrointestinal, and metabolic AEs, similar to
previous studies incorporating entinostat.11,14,15 The
pharmacodynamic end point showed that participants on
EE had significantly higher increase in lysine acetylation in
PBMCs by C1D15 than patients on EP, which confirms that
the HDAC inhibitor was acting at the intended target.

The oncology literature has indicated that positive phase II
data are not necessarily replicated in the phase III setting,
highlighting the importance of careful phase III study
design.16,17 E2112 did not meet its primary objective. This
was despite robust supportive preclinical data in AI-
resistant breast cancer mouse models,7 and data from
the ENCORE301 randomized phase II study, which re-
ported both a PFS and OS improvement in advanced
endocrine-resistant breast cancer.11 The E2112 study
design mirrored closely that of the ENCORE301 trial in an
attempt to replicate the promising results observed. Key
eligibility criteria requirements at activation of E2112 in-
cluded postmenopausal status, prior resistance to AI, al-
lowance of 0-1 prior chemotherapy for metastatic disease,
and no prior treatment with fulvestrant. Because of slower
than anticipated accrual, a number of eligibility adjust-
ments were made early in the study conduct to permit
enrollment of premenopausal patients with concurrent
ovarian suppression and prior fulvestrant use. A 20% cap
was also placed on enrollment of patients with nonmea-
surable disease, in keeping with data from ENCORE301. It
is not clear if these changes affected the results, with 92%
of E2112 participants being postmenopausal. However,
differences in prior treatment may have influenced the final
outcome, with approximately 30% having received prior
fulvestrant and 35% prior CDK inhibitor.

The E2112 results also contrast with the PFS advantage
reported in the phase III randomized placebo-controlled
ACE trial, which has led to the regulatory approval of the
combination of exemestane and the HDAC inhibitor tuci-
dinostat in China.18 Postmenopausal patients who had
experienced disease relapse or progressive disease after
at least one endocrine therapy were randomly assigned in
a 2:1 ratio to exemestane with tucidinostat or placebo
(n 5 365). The primary objective of that trial was
investigator-assessed PFS, with a 3.6-month difference

TABLE 1. Baseline Characteristics in the Intention-to-Treat Population (continued)

Variable

Entinostat Placebo

No. % No. %

Setting of prior chemotherapy

No prior chemotherapy 123 40.3 121 39.9

(Neo)adjuvant setting 105 34.4 104 34.3

Metastatic setting (with or without prior neoadjuvant or adjuvant) 77 25.2 78 25.7

Prior lines, any therapy advanced setting, median (range) 1 (0-6) 1 (0-5)

Prior radiotherapy 206 67.5 197 65.0

Prior CDK inhibitor use 113 37.2 101 33.3

Palbociclib 110 97.4 95 94.1

Prior everolimus use 11 3.6 7 2.3

Prior fulvestrant use 90 29.5 96 31.7

Abbreviations: BMI, body mass index; CDK, cyclin-dependent kinase; ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen
receptor; PR, progesterone receptor.
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TABLE 2. Treatment-Related AEs Observed in $ 5% Patients

AE

Entinostat (n 5 296) Placebo (n 5 293)

Grade (%) Grade (%)

1/2 3 4 5 1/2 3 4 5

Platelet count decreased 60 3 — — 6 , 1 , 1 —

White blood cell decreased 49 6 — — 13 1 — —

Neutrophil count decreased 31 19 , 1 — 4 , 1 — —

Anemia 30 7 , 1 — 17 2 — —

Fatigue 53 4 — — 37 1 — —

Nausea 39 2 — — 26 , 1 — —

Diarrhea 32 4 — — 16 , 1 — —

Alkaline phosphatase increased 28 1 — — 16 1 — —

Hypocalcemia 26 2 — — 5 — — —

Hypoalbuminemia 21 1 — — 3 — — —

Anorexia 20 2 — — 10 — — —

Vomiting 19 1 — — 11 1 — —

Aspartate aminotransferase increased 18 1 — — 17 2 — —

Edema limbs 17 1 — — 5 , 1 — —

Lymphocyte count decreased 15 3 — — 7 1 — —

Dyspepsia 14 — — — 5 — — —

Hypophosphatemia 14 13 , 1 — 4 1 — —

Abdominal pain 13 , 1 — — 7 — — —

Headache 13 , 1 — — 5 — — —

Constipation 12 — — — 12 — — —

Alanine aminotransferase increased 12 1 — — 11 1 — —

Creatinine increased 11 — — — 6 — — —

Hyponatremia 10 2 , 1 — 5 , 1 — —

Dyspnea 10 2 — — 6 , 1 — —

Hyperglycemia 9 1 , 1 — 3 1 — —

Weight loss 9 , 1 — — 4 , 1 — —

Arthralgia 8 , 1 — — 8 1 — —

Dizziness 7 — — — 5 — — —

Dysgeusia 7 — — — 3 — — —

Hot flashes 7 — — — 12 — — —

Hypokalemia 6 2 — — 3 1 — —

Myalgia 6 — — — 8 — — —

Bruising 6 — — — 1 — — —

Insomnia 6 — — — 3 — — —

Cough 5 — — — 3 — — —

Generalized muscle weakness 4 1 — — 1 — — —

Rash maculopapular 4 1 — — 3 , 1 — —

Hypertension 1 — — — 4 1 — —

Worst degree 45 47 3 1 65 13 2 , 1

Abbreviation: AE, adverse event.
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observed between the arms. The secondary objective of OS
has not yet been reported. Important differences in the study
population, design, and results between the E2112 and ACE
trials can be considered. Genetic and metabolic differences,
for example, between North American and Chinese patients
may have affected HDAC inhibitor metabolism and indi-
vidual response to therapy in these trials. The ACE trial
patients were less likely to have received prior endocrine
therapy in the advanced-disease setting (approximately 50%

v 84% in E2112) and were generally younger (median age
55 v 63 years in E2112). The frequency of grade 3 and 4 AEs
was also much higher in the investigational arm of the ACE
trial (75%) than that observed in E2112 (50%), suggesting a
greater degree of HDAC inhibition or differing off-target ef-
fects of tucidinostat.19,20 Notably, tucidinostat dosing was
twice per week, in contrast to once per week for entinostat.
Despite the PFS improvement of 3.6 months in the ACE trial,
the lack of improvement with entinostat in E2112 suggests

TABLE 3. Efficacy Analysis on the Basis of Local and Central Assessment
Efficacy End Points Entinostat Placebo

PFS in the first 360 patients

Primary analysis on the basis of central review in ITT population

Median, months (95% CI) 3.3 (3.1 to 5.3) 3.1 (3.0 to 3.3)

Hazard ratio (95% CI) 0.87 (0.67 to 1.13) Ref

Stratified log-rank test P .30

PFS in all 608 patients (on the basis of local review)

Median, months (95% CI) 3.1 (3.0 to 3.3) 3.0 (2.9 to 3.0)

Hazard ratio (95% CI) 0.88 (0.74 to 1.04) Ref

OS in all 608 patients

Primary analysis in ITT population

Median, months (95% CI) 23.4 (21.2 to 25.6) 21.7 (19.3 to 27.1)

Hazard ratio (95% CI) 0.99 (0.82 to 1.21) Ref

Stratified log-rank test P .94

OS in the first 360 patients

Median, months (95% CI) 23.1 (20.2 to 25.7) 22.8 (19.4 to 27.9)

Hazard ratio (95% CI) 1.05 (0.83 to 1.34) Ref

Abbreviations: ITT, intention to treat; OS, overall survival; PFS, progression-free survival.

Median, months: 3.3 (EE) v 3.1 (EP) 
Stratified log-rank P = .30
Hazard ratio = 0.87; 95% CI, 0.67 to 1.13
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that this point estimate may be higher than the true PFS,
calling into question whether true benefit from HDAC inhi-
bition is clinically meaningful in this setting. Finally, as OS
was a secondary objective of the ACE trial, longer follow-up is
unlikely to yield robust evidence of an OS advantage as the
study was not powered to evaluate this.

OS remains the most important end point for the assess-
ment of novel agents in advanced cancers. However, PFS
may be viewed as an important intermediate end point that
may be meaningful to those living with advanced disease.21

The short median PFS (approximately 3 months) and low
ORR (approximately 5%) observed in the overall E2112
study population indicates that better predictors are re-
quired to identify those patients who may need more in-
tensive therapies after progression on endocrine-based
therapy. Much progress has been made in recent years
with the addition of CDK and phosphatidylinositide 3-kinase
inhibitors, as examples, to the breast cancer treatment
armamentarium.4,22 These agents often delay time to
chemotherapy use, although primary or secondary resis-
tance ultimately develops in the majority of patients. Dif-
ferences in toxicity profiles between such novel agents may
also play a role in treatment decision making for an indi-
vidual patient.1

Strengths of the E2112 study include strong supportive
preclinical and clinical rationale, an adequately powered

randomized double-blind placebo-controlled design,
coprimary objectives of PFS and OS, and accrual of about
600 patients across the National Cancer Institute National
Clinical Trials Network. Although the study did not meet its
primary objective, the data and biospecimens collected
provide a rich resource for further investigation of prog-
nostic and predictive factors in endocrine-resistant ad-
vanced breast cancer. The fact that 35% of patients had
received prior CDK inhibitor suggests that these results are
also relevant to the current standard-of-care approach to
managing AI-resistant HR-positive, HER2-negative ad-
vanced breast cancer. The incorporation of PRO measures
is also a strength of the study, and we anticipate that ad-
ditional analyses will provide valuable information for future
study designs, including those focusing on the area of
survivorship in patients with advanced breast cancer.23

In conclusion, the combination of entinostat and exemes-
tane did not improve outcomes in patients with advanced
endocrine-resistant breast cancer. It remains to be con-
firmed if there is a role for HDAC inhibitors in a biomarker-
selected population or in other breast cancer settings on the
basis of results from ongoing correlative analysis and other
clinical trials. Collaborative, multidisciplinary investigations
will maximize our ability to provide effective treatment options
for patients and ultimately long-term control of advanced
breast cancer.
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