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/ABSTRACT

Hormonal therapy for advanced breast cancer (ABC) has
evolved significantly since the introduction of tamoxifen more
than 40 years ago. The availability of selective antiestrogen
therapies has further improved treatment options for women
with hormone receptor-positive (HR+) ABC. However, with
the development of resistance to hormonal therapies, a new
treatment paradigm has emerged based on our understanding
of biological pathways involved in HR+ breast cancer and
mechanisms of resistance to hormonal therapy. Recent drug
development efforts have focused on combining hormonal
treatment with agents that target mammalian target of
rapamycin serine-threonine kinases and cyclin-dependent
kinases. In parallel with the evolution of hormonal and
targeted therapies, our understanding of the utility of clinical
endpoints has deepened. Progression-free survival (PFS) is a

primary endpoint well-understood by clinicians and is in-
creasingly accepted as a surrogate for overall survival (OS) by
the U.S. Food and Drug Administration. Yet the perceived
clinical benefit of PFS to patients is less well understood.
Patients may not grasp the implications of prolonged PFS,
highlighting the reality that patient preference in treatment
selection encompasses factors that extend beyond drug
activity. This presents an opportunity for clinicians to discuss
PFS with patients in the context of their treatment plans,
clinical outcomes, and quality-of-life measures. The objective
of this review is to explore the clinical validity of the PFS and OS
endpoints and the clinical relevance of PFS and OS to patients,
especially in light of drivers that led to a range of treatment
options for patients with HR+ ABC. The Oncologist 2016;
21:922-930

Implications for Practice: Advances in drug development during the past two decades have provided numerous options for
treatment of advanced breast cancer thatinclude monotherapy with endocrine modulating agents and dual therapy that combines
endocrine therapy with an inhibitor targeting the mammalian target of rapamycin serine-threonine kinase or cyclin-dependent
kinase pathways known to be involved with resistance. Clinical trial endpoints for breast cancer have evolved as well.
Communication of progression-free survival, overall survival, and other outcomes with patients should incorporate the context of

the individual’s treatment plan and include discussion of response rate, side effects, and quality of life.

INTRODUCTION

Breast cancer is the most frequently diagnosed cancer in U.S.
women. In 2015, 231,840 new cases of breast cancer and 40,290
breast cancer deaths were estimated [1]. Five percent of newly
diagnosed patients have advanced breast cancer (ABC) at
diagnosis [2]. Another 20%—30% of patients with early-stage
breast cancer will develop metastatic breast cancer (MBC) [3, 4].
Five-year relative survival for patients diagnosed with ABC is
25% [2]. Because ABC is essentially incurable, the goals of
therapeutic intervention include delay of disease progression,
prolongation of overall survival (OS) without negatively affecting
quality of life, and palliation of symptoms.

Advanced breast cancer can be locally advanced (stage Ill)
or metastatic (stage IV); however, MBC is not curable. Stage IV
or recurrent ABC is managed with endocrine therapy,
targeted therapy, and cytotoxic chemotherapy. The National
Comprehensive Cancer Network (NCCN) recommends use of
minimally toxic endocrine therapies over cytotoxic chemo-
therapy whenever reasonable [5].

Breast cancer is a heterogeneous disease that can be
classified into three therapeutic subgroups used in clinical
settings. Approximately two thirds of all breast cancers are
classified as hormone receptor-positive (HR+; estrogen
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receptor [ER]-positive, progesterone receptor-positive, or
both, with normal human epidermal growth factor receptor
2 [HER2] expression), another one quarter are HER2+, and the
remainderaretriple negative because of low levels of orabsent
hormone receptors and the absence of the HER2 alteration [6].
Endocrine therapies, such as aromatase inhibitors (Als), have
been the mainstay of treatment for women with HR+ disease,
and patients with ABC are candidates for initial treatment with
endocrine therapy [5]. However, some cancers are refractory to
endocrine treatment or acquire resistance to these treatments,
resultingin recurrence. With disease progression, patients often
receive chemotherapy that has limited clinical activity and is
associated with significant toxic effect. Combination therapies
that target signaling and endocrine pathways appear to provide
clinical benefit to patients with HR+ ABC.

This review explores drivers that led to advances in
treatment options, the validity of progression-free survival
(PFS) and overall survival (OS) endpoints in clinical studies, and
the clinical relevance of PFS and OS to patients with HR+ ABC.

HISTORICAL PERSPECTIVE OF EFFICACY ENDPOINTS IN
CLINICAL TRIALS

From a historical perspective, the advances in treatment
options for patients with MBC have coincided with a parallel
evolution in our understanding of clinical efficacy endpoints.
A variety of efficacy endpoints have been used in clinical trials
in ABC.Table 1 compares the risks and benefits of each clinical
endpoint. Overall survival is considered the most reliable and
clinically relevant cancer endpoint for randomized, blinded
clinical studies, in part because there is no bias in determining
the date of death. In single-arm or randomized trials, OS is a
direct, easy, and precise measure of clinical benefit. However,
measuring OS in clinical studies is not always feasible. Factors
that confound the assessment of OS include low event rates
that require large studies, extensive patient follow-up, deaths
unrelated to cancer, and crossover or sequential therapy [7]. In
acknowledging these challenges, the U.S. Food and Drug
Administration (FDA) uses other endpoints based on tumor
assessment as surrogate endpoints that are likely to predict
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anticancer drug efficacy and support drug approval. PFS is a
composite endpoint defined as the interval from randomiza-
tion to disease progression or death (whichever occurs first)
[7]. TTP is defined as the time from randomization until
objective tumor progression and does not include death.
Because PFS includes deaths, it is considered a stronger
correlate of OS and a preferred regulatory endpoint [7]. A key
advantage of PFS and TTP is that these endpoints have shorter
follow-up and smaller cohorts than studies using OS as a
primary endpoint. Because progression occurs months or
years before death, the time required to accrue the requisite
number of events to achieve statistical power is shorter for PFS
than OS. Moreover, TTP and PFS are not affected by crossover
or sequential therapies after progression and are based on
objective and quantitative metrics [7].

Notwithstanding, confounding factors and methodological
variations in PFS assessment call into question the legitimacy
of PFS as a universally valid surrogate of OS [7, 9]. Some
disadvantages of PFS and TTP are that these endpoints are not
statistically validated for survival in patients with ABC, and
variation in endpoint definition can confound study interpre-
tation. The exact date of progression is not precisely de-
termined on the basis of radiological or other assessments and
is subject to assessment bias, especially in open-label studies.
It is challenging to balance the timing of assessments among
treatment arms, and missing data can be problematic for
analysis of PFS[7, 10]. Furthermore, patients may not grasp the
meaning of prolonged PFS, highlighting the reality that patient
preference in treatment selection encompasses factors that
extend beyond drug activity. Nonetheless, in MBC trials from
2000to 2012, PFS gained increased acceptance as the primary
endpoint; 60% of trials used PFS as the primary endpoint
compared with 24% that used OS [11]. From 2002 to 2010, the
FDA granted drug approval for at least 19 applications,
primarily on the basis of a PFS endpoint [12]. The question
arises: Why does PFS more frequently show a significant
clinical benefit compared with OS?

Patients may not grasp the meaning of prolonged PFS,
highlighting the reality that patient preference in
treatment selection encompasses factors that extend

clinical benefit. Although median survival may be the best
single-number description of a survival curve, it is based on
population statistics and probably is not the best way of

explaining prognosis to an individual patient.

Historically, randomized clinical trials of hormonal drugs
for breast cancer have used objective response rate (ORR) asan
endpoint based on radiological or physical evaluations. ORR is
defined as the proportion of patients with a predefined
reduction in tumor size for a minimum time period based on
complete and partial responses. ORR is directly attributable to
drug effectand notthe natural history of the disease and can be
assessed in single-arm or randomized studies with smaller
cohortsand shorter follow-up than OS. However, this endpoint
is not a comprehensive measure of drug activity, may identify
only a subset of patients who receive clinical benefit, and
requires independent confirmation from a second trial [7].
Furthermore, for patients with evaluable but nonmeasurable
disease per Response Evaluation Criteria in Solid Tumours
criteria, ORR measures are difficult to obtain [8].

On the other hand, PFS and time to progression (TTP) are
increasingly used as a surrogate endpoint to evaluate
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beyond drug activity.

In the MBC treatment setting, a statistically significant
improvement in PFS may not lead to a statistically significant
improvement in OS; long postprogression survival (PPS) may
contribute to the low correlation observed between PFS and
0OS [13]. PPSis a measure of the time from tumor progression
to death from any cause (i.e., PPS = OS — PFS). As PPS
increases, thereisareduced chance of detecting a statistically
significant difference in OS between treatment arms of a
clinical trial. Simulation models demonstrated that with an
increase in PPS, the total trial sample size must increase to
determine a statistically significant difference in OS between
treatment arms [13]. In a retrospective analysis of 472
patients with MBC, Bonotto et al. [14] investigated OS, PFS,
and PPS across subsequent lines of therapy in a real-world
scenario and found that PPS was 18.3 months and 12.2
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Table 1. Comparison of efficacy endpoints in clinical trials

PFS Endpoint in HR+ Advanced Breast Cancer

Endpoint Benefit

Risk

Overall survival
o Easily and precisely measured

Objective response rate®

survival studies

o Effect attributable to drug, not natural history
Progression-free survival® e Smaller sample size and shorter follow-up vs.

or time to progression®®  survival studies

e Measurement of stable disease included
o Not affected by crossover or subsequent therapies
e Generally based on objective and quantitative

assessment

e Universally accepted direct measure of benefit

e Can be assessed in single-arm or randomized studies
o Assessed earlier and in smaller studies vs.

e Low event rates may require large studies and
extended follow-up

o May be affected by crossover therapy and
sequential therapy

o Includes noncancer deaths

® Not a comprehensive measure of drug activity
® Only a subset of patients who benefit

® Requires independent confirmation from a
second trial

o Not statistically validated as surrogate for
survival in all settings

o Definitions vary among studies

® Not precisely measured; subject to assessment
bias, particularly in open-label studies

® Frequent radiologic or other assessments’
missing data can be problematic for analysis

e Involves balanced timing of assessments among
treatment arms

Information obtained from [7].

Surrogate for accelerated or regular approval. Adequacy as a surrogate endpoint for accelerated or regular approval is highly dependent on other factors,

such as effect size, effect duration, and benefits of other available therapy.

bProgression-free survival is a composite endpoint defined as the interval from randomization to disease progression or death (whichever occurs first).
“Time to progression is the time from randomization until objective tumor progression and does not include deaths.

months for first and second lines of therapy, respectively. The
authors conjectured that because of the extended lengths of
PPS, it is unlikely that a clinical trial would be able to
demonstrate statistical significance for a difference in OS
between treatment arms in first or second lines of therapy.
They concluded that PFS should be the preferred endpoint
over OSin clinical trials testing first-or second-line anticancer
therapies [14]. A systematic review of randomized trials of
first-line chemotherapy further substantiates the challenge
toestimate OS of patients with MBC due to the extended time
between progression and death [15]. The means for median
PFS and median OS were 7.6 months and 21.7 months,
respectively. With advancements in targeted therapies for
MBC, increased PPS would be expected and would provide
greater utility of PFS as a clinical endpoint (with reduced
utility of OS) [13].

PFS is a well-understood endpoint and accepted surro-
gate of OS among clinicians. Yet the perceived benefit of PFS
to patientsis almost unexplored.There is limited information
from a patient’s point of view about the relationship between
PFS and overall quality of life (QoL), physical functioning,
and emotional well-being. Hurvitz et al. [16] evaluated
the patient’s perspective regarding the importance of PFS.
Two hundred eighty-two patients with MBC responded to
an online questionnaire that addressed the relationship
between PFS, Qol, the importance of different treatment
outcomes, and preferences to hypothetical scenarios. Re-
spondents ranked the most important treatment outcome
as OS, followed by PFS. When asked which of two treatment
scenarios (16- or 12-month PFS) they would prefer if OS and
side effects were the same, 63% of respondents preferred
treatmentthat resulted in 16-month PFS, 26% were unsure of
their preference, and 12% preferred treatment with a shorter
time to progression (p < .001). In another series of questions
in which respondents were asked to choose which hypothet-
ical patients had better Qol, physical functioning, and
emotional well-being, respondents more often chose the
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patient who experienced longer PFS versus the patient with
shorter PFS (QoL: 40% vs. 6%; physical functioning: 32% vs.
8%; emotional well-being: 58% vs. 6%). This study highlights
patients’ perceptions of QoL directly correlating with the status of
their disease progression, as well as whether they are responding
to treatment. Given that patients recognize and understand the
value of PFS, this represents an opportunity for clinicians to
discuss PFS with patients in the context of their treatment plans
and clinical outcomes.

Our understanding of the strengths and limitations of
clinical endpoints can also be considered in the context of
various hormonal therapies. Table 2 summarizes the clinical
endpoints that led to the FDA approval of therapies for HR+
ABC. Because of limited patient accrual in three prospective,
randomized studies of tamoxifen, demonstration of equiva-
lence to ovarian ablation was not possible for the endpoints
ORR,TTP, and OS [13, 16, 17]. However, an overview analysis
of survival data from the three studies indicated sameness
for death (tamoxifen/ovarian ablation hazard ratio, 1.0;
95% confidence interval [Cl], 0.73—-1.37) in premenopausal
patients with MBC [18]. Approval of Als and ER down-
regulatorstypically was based on TTP or ORR, with OS often as
a secondary endpoint [17, 19-26]. Luteinizing hormone-
releasing hormone/gonadotropin-releasing hormone agents
were approved on the basis of TTP and OS [27]. Table 3
illustrates the acceptance of PFS as the primary endpoint for
FDA approval of morerecent dual therapiesthat have focused
on combining targeted agents with hormonal treatment for
treatment of HR+ ABC [28-32].

EvVOLUTION OF APPROVED THERAPIES FOR PATIENTS WITH
HR+ ABC

As our understanding of the clinical validity of PFS and OS has
evolved, in parallel the range of treatment options for
patients with HR+ ABC has grown. Hormonal therapy for
ABC has advanced significantly since ovarian ablation was
standard of care >100 years ago. In 1966, Charles Brenton
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Table 2. Clinical endpoints of U.S. Food and Drug Administration-approved monotherapies for the treatment of hormone
receptor-positive advanced breast cancer
Study (if named); phase; line of Primary Patients in Median TTP or Median
therapy; patients [reference] endpoint(s) Treatment arm treatmentarm (n)  PFS (months) 0S (months) ORR? (%)
Selective estrogen receptor
modulators
Tamoxifen
NCIC CTG MA.1; phase I; TTP,0S, ORR  Tamoxifen 40 mg 20 6 28.2 25
first-line ABC; crossover; . q
premenopausal [43] Ovarian ablation 19 4.1 29.5 16
NSS NSS NSS
First-line ABC; crossover; TTP,0S, ORR  Tamoxifen 10 mg 20 53 24.6 35
premenopausal [44] .
Bilateral oophorectomy 16 4.7 23.8 31
NSS NSS NSS
First-line ABC; ORR, OS Tamoxifen 20 mg 59 NA 15 24
premenopausal [45] .
Surgical oophorectomy 55 25 21
NSS NSS
Toremifene
Phase llI; first-line ABC; TTP, ORR Toremifene 60 mg 157 4.9 25.4 20
postmenopausal [46] .
Toremifene 120 mg 157 6.1 23.8 29
Tamoxifen 40 mg 149 5.0 234 21
NSS® NSS® NSS®
Nordic; phase lI; first-line TTP, ORR Toremifene 60 mg 214 7.3 33.0 31
ABC; post | [47
postmencpaLsali] Tamoxifen 40 mg 201 102 38.7 37
HR, 0.80 (95% Cl, NSS NSS
0.64-1.00); p = .047
Phase IlI; first-line ABC; TTP, ORR Toremifene 60 mg 221 5.5 37.6 21
postmenopausal [48] )
Toremifene 200 mg 212 5.5 29.7 23
Tamoxifen 20 mg 215 5.8 NSS® 31.2 19
NSS® NSS®
Aromatase inhibitors
(steroidal/nonsteroidal)
Letrozole
ILBCG; phase llI; first-line TTP Letrozole 2.5 mg 453 9.4 34 32
ABC; post 1 [24
postmenopausal [24] Tamoxifen 20 mg 454 6.0 30 21
HR, 0.72; p < .0001 NSS OR, 1.78;
p = .0002
Second-line ABC; after ORR Letrozole 2.5 mg 174 5.6 253 24
failure of antiestrogens;
postmenopausal [21] Letrozole 0.5 mg 188 5.1 21.5 13
HR, 1.35 (95% Cl, HR, 1.34 (95% Cl, OR, 0.42
1.04-1.75); p = .02 1.02-1.76); p = .03 (95% Cl,
(letrozole 0.5 mg vs, (letrozole 0.5 mg vs. 0.23-0.76);
letrozole 2.5 mg) letrozole 2.5 mg) p = .004
(letrozole
0.5 mg vs.
letrozole
2.5mg)
Megestrol acetate 160 mg 189 5.5 21.5 16
NSS (megestrol NSS (megestrol OR, 1.82
acetate 160 mg vs acetate 160 mg vs. (95% ClI,
letrozole 2.5 mg) letrozole 2.5 mg) 1.02-3.25);
p=.04
(megestrol
acetate
160 mg vs.
letrozole
2.5mg)
Anastrozole
Study 0030 and 0027; first-line TTP, ORR Anastrozole 1 mg 340 8.2 NA 33
ABC; postmenopausal [18] .
Tamoxifen 20 mg 328 8.3 33
NSS NSS
Study 0004 and 0005; second-line TTP Anastrozole 1 mg 263 4.8 26.7 10
ABC; after failure of tamoxifen; o
postmenopausal [19, 20] 5.3 HR, 0.78 (97.5% CI, 12,5
0.60-1.0);
p < .025 (anastrazole
1mgvs.
megestrol
acetate 40 mg)
Anastrozole 10 mg 248 4.8 25.5 9
4.8 HR, 0.83 (97.5% Cl, 12.5
0.64-1.1); p = .09
(anastrazole 10 mg vs.
megestrol acetate 40 mg)
Megestrol acetate 40 mg 253 4.8 22.5 8
4.6 12.2
NSS® NSS®
Exemestane
Phase Ill; second-line ABC; after ORR Exemestane 25 mg 55 4.7 Median survival not 15
failure of tamoxifen; yet reached
postmenopausal [23] N
Megestrol acetate 40 mg 50 3.8 28.4 12.4
p =.037 p =.039 NSS
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Table 2. (continued)

PFS Endpoint in HR+ Advanced Breast Cancer

Study (if named); phase; line of Primary Patients in Median TTP or Median
therapy; patients [reference] endpoint(s) Treatment arm treatmentarm (n)  PFS (months) 0S (months) ORR? (%)
ER downregulators
Fulvestrant
Study 0021; phase Ill; second-line TTP Fulvestrant 250 mg 206 5.4 17.5
ABCG; after failure of endocrine
therapy; postmenopausal [25] Anastrozole 1 mg 194 34 17.5
HR, 0.92 (95.14% Cl, NSS
0.74-1.14);p = .43
Study 0020; phase Ill; second-line TTP Fulvestrant 250 mg 222 5.5 20.7
ABC; after failure of endocrine
therapy; postmenopausal [22] Anastrozole 1 mg 229 5.1 15.7
HR, 0.98 (95.14% ClI, OR, 1.38
0.80-1.21); p = .84 (95.14% Cl,
0.84-2.29);
n p=.20
CONFIRM; phase IlI; first-line ABC; OS' Fulvestrant 500 mg 362 26.4
t | [26
pestmsionatsalZe] Fulvestrant 250 mg 374 223
HR, 0.81 (95% Cl,
0.69-0.96); nominal
p=.02
FIRST; phase II; first- line ABC; CBR Fulvestrant 500 mg 89 Median TTP not yet 36.0
postmenopausal [49] reached
Anastrazole 1 mg 93 125 355
HR, 0.63 (95% OR, 1.02 (95%
Cl, 0.39-1.00); Cl, 0.56-1.87);
p = 0.0496 p = .947
Phase IlI; first-line ABC; crossover; PFS Fulvestrant 250 mg + 349 15.0 47.7
postmenopausal [50] anastrazole 1 mg
Anastrazole 1 mg with 345 13.5 41.3
crossover to fulvestrant
o HR, 0.80 (95% Cl, HR, 0.81 (95% Cl,
if disease progressed 0.68-0.94); p = .007  0.65-1.00); p = .05
Luteinizing hormone-releasing hormone/
gonadotropin-releasing hormone agents
SWOG-8692; first-line ABC; crossover; FFS, OS Goserelin 3.6 mg 69 6 37 31
premenopausal [27] . .
Surgical ovariectomy 67 4 33 27
HR, 0.73 (95% Cl, HR, 0.80 (95% Cl, NSS

0.51-1.04); NSS 0.53-1.20); NSS

Different trials used different ORR response criteria: reference [17], Breast Cancer Task Force guidelines [51]; reference [16], protocol-defined criteria;
reference [24], protocol-defined criteria (modified World Health Organization [WHO] criteria); references [14, 15, 18], WHO criteria [52]; references [13,
19-23, 25, 26], Union Internationale Contre Le Cancer/International Union Against Cancer criteria [53]; reference [28], SWOG criteria [54].

PBetween all treatment arms.

“‘Weeks were converted to months on the basis of the calculation of 4.35 weeks/month (31.417 days divided by 7 days/week).

405 values reported for the CONFIRM trial are based on an exploratory endpoint of survival after 75% of patients had died.

Abbreviations: ABC, advanced breast cancer; Cl, confidence interval; CONFIRM, Comparison of Faslodex in Recurrent or Metastatic Breast Cancer; ER,
estrogen receptor; FFS, failure-free survival; FIRST, Fulvestrant First-Line Study Comparing Endocrine Treatments; HR, hazard ratio; im, intramuscularly;
ILBCG, International Letrozole Breast Cancer Group; NA, not applicable; NCIC CTG MA, National Cancer Institute of Canada Clinical Trials Group; NSS, not
statistically significant; OR, odds ratio; ORR, objective response rateOS, overall survival; SWOG, Southwest Oncology Group; TTP, time to progression.

Huggins received the Nobel prize for the discovery that some
cancers, including breast cancer, are hormone responsive.
Table 2 highlights antiestrogenic therapies that have been
approved during the last 40 years for the treatment of HR+
ABC. After the initial demonstration that synthetic tamoxifen
had antiestrogen activity in patients with ABC [33], most trials
with selective estrogen receptor modulators were not
statistically significant because of inadequate power. The
development of more selective antiestrogen therapies, including
estrogen downregulators, luteinizing hormone-releasing hor-
mone agonists, progestins, and Als improved treatment options
for women with HR+ ABC. For patients eventually developing
resistance to endocrine therapy, expansion of treatment options
was needed to thwart mechanisms of resistance to hormonal
therapy [34].

RESISTANCE TO ENDOCRINE THERAPY AND ADVANCEMENTS
IN TREATMENT OF HR+ ABC

With the development of resistance to hormonal therapies,
a new treatment paradigm emerged based on our un-
derstanding of the biological pathways involved in HR+
breast cancer and mechanisms of resistance to hormonal
therapy [35]. Cross-talk between the ER and growth factor
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receptor signaling pathways enables breast cancer cells to develop
acquired resistance to endocrine therapy [34]. Combining
endocrine therapy with a targeted agent in a compensatory
pathway may enhance or extend endocrine sensitivity. Dual
blockade of endocrine and certain other signaling pathways
may be an effective approach for management of some patients
with HR+ ABC.

Specifically, the phosphatidylinositol 3-kinase (PI13K)/
protein kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathway and cyclin-dependent kinase (CDK4/6)
signaling pathways have been exploited to develop targeted
therapies for use with hormonal agents [28, 29, 31, 32].Ina
preclinical setting, PI3K3 inhibitors have shown in vitro activ-
ity in slowing growth, inducing apoptosis, and preventing
emergence of hormone-independent cells, but the role of PI3K
inhibitors in improving clinical outcomes has not been dem-
onstrated to date. Evidence from phase Il trials suggests that
mTOR inhibition with everolimus supports improved clinical
outcomes.

mTOR activation induces deregulation of protein synthesis
and translation of mMRNAs coding for pro-oncogenic proteins
regulating cell survival, cell cycle progression, angiogenesis,
energy metabolism, and metastasis [36]. Everolimus is an
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Table 3. Clinical endpoints of U.S. Food and Drug Administration-approved dual therapies for hormone receptor-positive

advanced breast cancer

Median PFS
Patients in (local/central
Study (if named); phase; Primary treatment assessment)
line of therapy; patients endpoint  Treatment arm arm (n) (months) Median OS (months) ORR? (%)
Targeted therapy inhibitor: Everolimus
BOLERO-2; phase IlI; PFS Everolimus 10 mg + 485 Local: 7.8 31 (95% Cl, 28.0-34.6) Local: 12.6 (95% ClI,
second-line ABC; after exemestane 25 mg 9.8-15.9)
fail f NSAI th ;
pac.l»slé:ﬁeinopausal LR Central: 11 Central: 12.6
28, 30, 32] (95% C1, 9.8-15.9)
Placebo + exemestane 239 Local: 3.2 26.6 (95% Cl, Local: 1.7 (95% Cl,
25 mg 22.6-33.1); HR, 0.89 0.5-4.2);
HR, 0.45 (95% Cl, (95% Cl, 0.73-1.10); p < .0001
0.38-0.54); p = 1426
p < .0001 .
Central: 4.1 Central: 2.1
0, - .
HR, 0.38 (95% 295<A70COI,0(;7 4.8);
Cl, 0.31-0.48); :
p < .0001
Targeted therapy inhibitor: Palbociclib
PALOMA-1; phase II; PFS Palbociclib 125 mg + 84 Independent 37.5(95%Cl, ITT: 43 (95% Cl,
first-line ABC; letrozole 2.5 mg review: 20.2 28.4-NE) 32-54)
I[2 % Cl, 13.8-27.
postmenopausal [29] (95% Cl, 13.8 5) Measurable
disease: 55
(95% Cl, 43-68)
Letrozole 2.5 mg 81 Independent 33.3(95% Cl, ITT: 33 (95% Cl,
review: 10.2 26.4-NE); HR, 0.813 23-45); p = .13
(95% Cl, 5.7-12.6); (95% Cl, 0.492-1.345); M bl
HR, 0.488 (95% Cl, p=.42 \easurab’e
- . disease: 39 (95% Cl,
0.319-0.748); ot b= 0A7
p = 0004 =52);p =
PALOMA-3; phase lll; PFS Palbociclib 125 mg + 347 9.2 (95% Cl, 7.5—-NE); Immature at interim 10.4 (95% ClI,
second-line ABC; fulvestrant 500 mg independent data analysis 7.4-14.1)
after failure of monitoring committee
docrine th ;
premenopatsal oy Placebo + fulvestrant 174 3.8 (95% Cl, 3.5-5.5); 6.3 (95% Cl,
postmenopausal [31] 500 mg (+ goserelin in HR, 0.42 (95% ClI, 3.2-11.0);
premenopausal women) 0.32-0.56); p=.16
p < .001

#PALOMA trials used ORR response criteria based on Response Evaluation Criteria in Solid Tumors (RECIST): reference [10], RECIST 1.0; reference [11],

RECIST 1.1.

Abbreviations: ABC, advanced breast cancer; BOLERO-2, Breast Cancer Trials of OraL EveROlimus-2; Cl, confidence interval; HR, hazard ratio; ITT, intent to
treat; NE, not estimable; NSAI, nonsteroidal aromatase inhibitor; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.

inhibitor of mTOR that forms a complex with mTOR complex 1,
thereby inhibiting mTOR kinase activity and reducing activity of
downstream effectors S6 ribosomal protein kinase (S6K1) and
eukaryotic initiation factor 4E-binding protein. S6K1 is associ-
ated with poor prognosis of breast cancer patients when
overexpressed [37] and phosphorylates domain 1 of the ER,
resulting in ligand-independent activation of the ER and cell
proliferation. In vitro studies demonstrated that treatment with
everolimus and letrozole led to synergistic antitumor activity by
inhibiting cell proliferation and triggering apoptotic cell death
in breast cancer cells [38]. Evidence that mTOR inhibition with
everolimus improved PFS led to approval by the FDA in 2012 for
treatment of postmenopausal patients with HR+, Al-resistant
ABC on the basis of safety and efficacy results from the phase llI
Breast Cancer Trials of OralL EveROlimus-2 (BOLERO-2) trial,
discussed in the next section.

Another signaling pathway that contributes to endocrine
resistance in breast cancer involves the CDK pathway. Cyclin D1
binds to the CDK4/6 complex and drives cell cycle progression
by phosphorylating the retinoblastoma (Rb) tumor suppressor
and derepressing E2F transcription factors that regulate
genes required for G1/S transition. Cyclin D1 is also a direct
transcriptional target of estrogen signaling. In breast cancer,
cell cycle control is frequently dysregulated because of
cyclin D1, CDK4, or CDK6 amplification or p16 (INK4A) loss
[39]. Cyclin D-CDK4/6-INK4-Rb activation is associated with
poor response of breast cancer cells to endocrine therapy.
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CDK4/6 inhibitors are attractive pharmacological targets that
can disrupt kinase hyperactivity in human cancers, thereby
inducing G1 arrest and leading to tumor regression. Several
CDK4/6 inhibitors are in development, including palbociclib,
abemaciclib, and ribociclib, with palbociclib being furthest
along in development. Palbociclib was approved by the FDA in
2015 for treatment of postmenopausal patients with ER+ HER2 —
ABC as initial endocrine-based therapy for metastatic disease.

EFricAcY ENDPOINTS IN CLINICAL TRIALS OF COMBINATION
TARGETED THERAPIES

Two recent drug approvals of everolimus and palbociclib used
PFS as a primary endpoint in patients with HR+ disease who
had experienced progression during or after previous therapy
with a nonsteroidal aromatase inhibitor (NSAI) in the adjuvant
setting or in patients with advanced disease who had not
received systemic therapy. The phase I, randomized BOLERO-2
investigated the safety and clinical efficacy of everolimus and
exemestane versus placebo and exemestane in postmenopausal
patients with ER+, HER2— ABC whose disease was refractory
to previous letrozole or anastrozole treatment, resulting in
progression [28, 32, 40].

Final analysis of BOLERO-2 confirmed that median PFS
remained significantly longer with everolimus plus exemes-
tane versus placebo plus exemestane; the difference in PFS
between treatment arms was 4.6 months (local assessment)
(p < .0001) and 6.9 months (central assessment) favoring
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everolimus plus exemestane [32]. Treatment with everolimus
plus exemestane did not lead to a statistically significant
improvement in OS compared with placebo plus exemestane
(31.0 months versus 26.6 months, respectively; hazard ratio,
0.89 [95% CI, 0.73-1.10]; log-rank p = .14) [29]. With the
extensive PPS of 23.2 months [30, 32], there is a reduced
chance of detecting a statistically significant difference in OS
between the everolimus plus exemestane versus placebo
plus exemestane treatment groups [13].

To further identify patient populations that are most likely
to benefit from everolimus plus exemestane combination
therapy, protocol-specified subanalyses of PFS were per-
formed on the basis of age, ethnicity, visceral or bone
metastases, and prior therapy. All patient groups consistently
benefited from everolimus plus exemestane compared with
placebo and exemestane, independent of age, ethnicity,
visceral disease, skeletal involvement, prior chemotherapy in
the advanced setting, or prior adjuvant/neoadjuvant therapy.
Of particular note, in a retrospective and exploratory analysis
of patients who progressed during or after (neo)adjuvant
treatment before study entry (n = 137), everolimus plus
exemestaneshowed PFSof11.5 monthsversus4.1 months
for placebo plus exemestane (hazard ratio, 0.39; 95% Cl,
0.25-0.62) [32, 40, 41]. These data support everolimus and
exemestane combination therapy as first-line treatment for
metastatic disease, advanced disease that has been heavily
treated, or disease recurrence during or after adjuvant NSAI
therapy. This treatment regimen is consistent with NCCN
guidelines of administering three lines of endocrine treatment
before chemotherapy [5].

Animportant goalintreating cancer patients is to maximize
health-related QoL (HRQoL) and address the effect of disease
on physical and social function. A secondary endpoint in
BOLERO-2 was to assess the HRQol effect of everolimus on the
basis of two criteria. At a median follow-up of 18 months, median
time to definitive deterioration (TDD), defined as a protocol-
specified 5% change from baseline by the European Organization
for Research and Treatment of Cancer Quality of Life Question-
naire Core 30 (QLQ-C30) health status score, was higher in
patients treated with everolimus plus exemestane than those
receiving placebo plus exemestane (8.3 vs 5.8 months; hazard
ratio, 0. 74; 95% Cl, 0.58—-0.95; p = .0084) [42]. When median
TDD was assessed according to a 10-point minimally important
difference (MID; a more stringent and relevant change in other
cancer populations), there was no statistical difference between
treatment groups (11.7 vs. 8.4 months; hazard ratio, 0.8; 95% Cl,
0.61-1.06; p = .1017). In subset analyses, two groups had longer
median TDD with everolimus treatment: patients with an
Eastern Cooperative Oncology Group performance status of 1 or
2 (medianTDD, 8.2 vs. 4.1 months [p = .0076]; 10-point MID, 9.7
vs. 6.0months [p = .0342]) and patients aged <65 years (median
TDD, 9.6 vs. 5.6 months [p = .0130]; 10-point MID, 12.5 vs. 9.7
months [p = .0353]) [42]. In patients who progress after initial
treatment with NSAIs, everolimus treatment does not have a
deleterious effect on HRQolL, in part because of protocol-
specified management of adverse events.

In a second clinical trial that used PFS as a primary
endpoint, palbociclib, a selective CDK4/6 inhibitor, was as-
sessed in combination with letrozole versus letrozole alone as
first-line treatment in postmenopausal patients with ER+ ABC
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in an open-label, randomized, phase Il trial, PALOMA-1. The
safety and efficacy results of PALOMA-1 were instrumental in
the recent FDA approval for treatment of postmenopausal
patients with ABC. Final analysis of PALOMA-1 confirmed that
median PFS was significantly extended with palbociclib plus
letrozole compared with letrozole alone [29]. The difference in
investigator-assessed median PFS between treatment arms
was 10 months, favoring palbociclib plus letrozole (one-sided
p = .0004) [29]. Treatment with palbociclib plus letrozole did
not lead to a statistically significant improvement in OS
compared with placebo plus letrozole (37.5 months vs. 33.3
months, respectively; hazard ratio, 0.813; 95% Cl, 0.492—1.345;
p = .42). With the extensive PPS of 17.3 months, there is a
reduced chance of detecting a statistically significant difference
in OS between the palbociclib plus letrozole versus letrozole
treatment groups [13].

Subanalyses consistently favored the palbociclib treat-
ment across subgroups and patient prognostic factors, except
for patients with disease recurrence =12 months fromthe end
of adjuvant treatment. This particular subgroup had fewer
patients in each treatment group and a higher hazard ratio
relative to other subgroups or the overall cohort (0.765; 95%
Cl, 0.232-2.523; p = .34). The PALOMA-1 trial did not assess
QoL measures, but PALOMA-2 and PALOMA-3 did assess the
effect of palbociclib on QoL [31].

Although the clinical benefit of palbociclib plus letrozole is
promising, PALOMA-1 has several limitations in study design:
(a) the study was open label and subject to potential bias; (b)
PFS was assessed by retrospective, masked, independent
review rather than central review; and (c) scans were obtained
retrospectively and not used to make on-treatment decisions.
The phase Il PALOMA-2 study of palbociclib plus letrozole as
first-line therapy in postmenopausal women with ER+ ABC is
ongoing.

The dual inhibition strategy targeting CDK4/6 and
endocrine pathways has been further evaluated in the
PALOMA-3 trial, which assessed the safety and efficacy of
palbociclib plus fulvestrant in premenopausal and postmen-
opausal women with HR+ ABC that progressed during prior
endocrine therapy [31]. Palbociclib plus fulvestrant extended
PFS more than fulvestrant alone, a finding that further
substantiates the utility of a dual blockade therapy for patients
with HR+ ABC. The difference in median PFS was 5.4 months,
favoring palbociclib plus fulvestrant (p < .001) (Table 3).

Subgroup analysis suggests that palbociclib plus fulves-
trant may be an effective treatment option for pre- and
perimenopausal women (hazard ratio, 0.44; 95% Cl,
0.23-0.83) and postmenopausal women (hazard ratio, 0.41;
95% Cl, 0.30-0.56). Notably, patients with a disease-free
interval =24 months had a hazard ratio of 0.84 (95% Cl,
0.41-1.75) versus a hazard ratio of 0.45 (95% Cl, 0.30-0.67) for
the interval >24 months, concordant with the findings in
PALOMA-1. This clinical response may reflect durable sensi-
tivity to hormone therapy in the group with a disease-free
interval >24 months.

In PALOMA-3, global QoL was maintained with palbociclib
combination treatment but declined in the placebo group.The
mean overall change from baseline in QLQ-C30 score was —0.9
points for palbociclib combination versus —4.0 points for
placebo (p = .03) [31]. Patients receiving palbociclib combination
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treatment also showed significant improvement from baseline
in emotional functioning; mean overall change from baseline on
the QLQ-C30 emotional functioning subscale was +2.7 points
versus —1.9 points (p = .002).TDD and MID endpoints were not
evaluated in PALOMA-3.

CONCLUSION

Patients with HR+ breast cancer have several treatment
options available, including approved agents and the availabil-
ity of clinical trials with new agents. With the FDA approval of
the combinations everolimus with exemestane and palbociclib
with letrozole, clinicians are moving toward treatment
regimens that combine antiendocrine therapy with targeted
therapy.

Discussion of clinical endpoints with patients may be
complex, and clinicians can help patients understand the
balance between endpoints such as QoL and OS. The results
from BOLERO-2 and PALOMA-3 are consistent with the
patient’s perspective that extending PFS may improve
overall QoL, physical functioning, and emotional well-being.
Although patients may be aware of the value of PFS,
conversations should incorporate additional factors that
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include response rate, side effects, QoL, and OS when data
are available. Clinicians can help their patients to under-
stand that OS may not be the ideal primary endpoint for
clinical trials and that many factors affect the assessment
of 0S, including other treatments a trial participant has re-
ceived after completion of the investigational drug period.
Longitudinal data will provide insight into survival outcomes,
but, in the meantime, PFS provides a helpful indicator for pa-
tients to understand the course of disease with the newer
interventions.
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