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Abstract Fulvestrant, which degrades ER, is used after

AI failure in metastatic breast cancer but resistance

develops quickly. We hypothesized that using everolimus

to inhibit mTOR, a key signaling pathway in endocrine

resistance, may delay fulvestrant resistance in patients and

thus improve its efficacy. We conducted a phase II trial of

combined fulvestrant and everolimus in postmenopausal

women with disease progression or relapse after an AI.

Primary endpoint was time to progression (TTP) and sec-

ondary endpoints included objective response rate, clinical

benefit rate (CBR), safety, and biomarker correlates.

Tumor blocks were collected and biopsy of accessible

tumor was done for future biomarker analysis. Of 33

patients enrolled two were ruled ineligible after enrollment

and were excluded from study analysis, for a total of 31

evaluable patients. Median age was 54 years (range

45–85). Prior therapy included tamoxifen (81 %), chemo-

therapy (71 %), with 26 % of patients having received 3 or

more endocrine agents. Median TTP was 7.4 months

(95 % CI 1.9–12.1) with an objective response rate of 13 %

and CBR of 49 %. Of particular note, 32 % of patients

exhibited de novo resistance to study treatment with dis-

ease progression as their best response. Most common

adverse events (AEs) were elevated AST (87 %) and ALT

(77 %), anemia (74 %), hyperglycemia (71 %), and

hypercholesterolemia (68 %). Prominent clinical toxicities

were mucositis (58 %), weight loss (48 %), and rash

(42 %). Most AEs were grade 1 or 2 and largely reversible

with infrequent need for everolimus dose reduction. To

conclude, everolimus plus fulvestrant is effective after AI

failure in heavily pretreated metastatic ER-positive breast

cancer and has manageable toxicity. Further study of this

combination is warranted in randomized studies. Since not

all patients experience benefit, and in view of potential

toxicities, biomarker examination is critical to help select

patients most likely to benefit from this strategy in future

studies.
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Introduction

Endocrine therapy is indispensable in the treatment of

women with metastatic ER-positive breast cancer and can

prevent disease progression for extended periods of time

with minimal toxicity and cost while preserving quality of

life. New-generation AIs, which lower serum estrogen

levels and cause tumor estrogen deprivation, have largely

replaced tamoxifen as the standard first-line therapy for

postmenopausal women with metastatic ER-positive dis-

ease [1–3]. Fulvestrant, an antiestrogen which degrades ER

and, unlike tamoxifen, has no known agonist effect [4], has
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emerged as an additional treatment option for metastatic

disease, particularly after failure of AI therapy [5]. Despite

the benefits and recent progress made in expanding endo-

crine therapy options, however, therapeutic resistance

remains a major obstacle. While some patients have de

novo endocrine-resistant disease, others experience only

limited benefit, and ultimately all patients experience dis-

ease progression necessitating the use of chemotherapy [6].

Developing strategies to overcome clinical endocrine

resistance is of paramount importance to improving treat-

ment outcomes in patients with this disease.

Growing preclinical and clinical evidence suggests that

molecular crosstalk between ER and other critical survival

and growth signaling pathways in breast cancer may con-

tribute to endocrine resistance and treatment failure in

patients [6]. This improvement in understanding ER biol-

ogy and its relevance to endocrine resistance, coupled with

the recent availability of novel pathway inhibitors, has

contributed to the development of a variety of clinical trial

strategies combining endocrine and other targeted agents in

order to delay hormone therapy resistance in patients [7].

One of the most critical signaling pathways that may

emerge after prolonged estrogen deprivation in ER-positive

breast cancer is the PI3K/AKT/mTOR survival pathway [8,

9] and may, therefore, be an important feature of pro-

gressive disease biology after AI failure [10]. Preclinical

models of ER-positive breast cancer have shown that

inhibition of PI3K/AKT/mTOR signaling can restore

endocrine sensitivity and prevent tumor growth [11–13].

The biologic relevance of PI3K/AKT/mTOR signaling in

preclinical endocrine resistance models is further supported

by its clinical relevance, with the observation of increased

pathway aberrations in ER-positive breast cancer compared

to other breast cancer subtypes [14], supporting a potential

central role in clinical endocrine resistance [13, 15].

Based on this rationale, we conducted a phase II clinical

trial combining the oral mTOR inhibitor everolimus with

fulvestrant in patients with metastatic ER-positive breast

cancer after AI failure. In addition to clinical assessment of

treatment efficacy and toxicity, we collected tumor tissue

where available and patients with accessible tumor were

offered a research biopsy for future biomarker analysis.

Methods

Patients

Postmenopausal patients were required to have metastatic ER-

positive breast cancer, measurable and/or evaluable disease,

and disease progression or relapse on an AI within 6 months

prior to enrollment. Patients were required to have an ECOG

performance status of 0–2 and adequate baseline renal and

hepatic function, defined as serum creatinine B1.59 upper

limit of normal (ULN), serum bilirubin B1.59 ULN, and

ALT/AST B2.59 ULN; adequate bone marrow function,

defined as an absolute neutrophil count C1.5 9 109/l, platelet

count[100,000/ul, and hemoglobin[9 gm/dl; and an Inter-

national Normalized Ratio of \1.3. Key exclusion criteria

were rapidly progressive disease requiring chemotherapy and

known brain or leptomeningeal metastases. The study was

conducted at the University of Kentucky Markey Cancer

Center and approved by the University Of Kentucky Institu-

tional Review Board. All patients signed informed consent.

Study design and agent administration

This was a single-institution phase II study of combined

fulvestrant and everolimus after AI failure, starting therapy

concomitantly on day 1 of enrollment. A core tumor biopsy

was offered on study entry if disease was accessible (from

primary tumor or skin) and preexisting tumor blocks were

collected when available. Fulvestrant was administered

intramuscularly (in the gluteus maximus) in a loading dose

schedule as follows: 500 mg in two divided doses—one on

each side on day 1, then 250 mg on day 14, and then 250 mg

on day 28 and every 4 weeks ± 3 days thereafter. Everoli-

mus was administered initially at a dose of 5 mg daily in the

first 5-patient cohort for the first month of treatment and then

increased to 10 mg PO daily after that. If two or more out of

this initial cohort develop grade III toxicity or greater, then a

second 5-patient cohort was planned to be recruited at the

5 mg daily dose level and the same toxicity rule followed. If

treatment was tolerated based on this toxicity rule, then

subsequent patients would start at 10 mg dose level. Since

the frequency of grade-3 toxicity in the first 5-patient cohort

was lower than that defined in the above rule, all subsequent

patients received everolimus at the full starting dose level of

10 mg PO daily. Clinical evaluation for disease progression

and tolerability of the regimen was evaluated every 2 weeks

for the first two visits and every 4 weeks thereafter in out-

patient clinic visits. In addition to routine chemistry and

blood counts, fasting lipid profile and glucose were obtained

every 2 months on study. After 2 months of enrollment,

patients underwent their first formal radiologic disease

assessment using RECIST criteria and imaging was done

every 2 months thereafter and when indicated by symptoms

suggestive of progressive disease (PD). Patients who expe-

rienced PD on protocol were taken off study and were

required to have a safety follow-up 4 weeks after treatment

discontinuation.

Biopsies

Where applicable, breast tumor tissue was obtained by core

biopsy using a Bard Max Core Biopsy Instrument
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(#MC1410). The outside needle was 14-gauge (2.1 mm),

with a smaller inside cutting needle to obtain the biopsy.

The length of the cutting needle penetration was 22 mm

and the total length of the needle was 10 cm. Multiple core

biopsy samples of approximately 2 mm 9 10–20 mm

were divided in 10 % formalin or immediately frozen in

liquid nitrogen.

Statistical considerations

This was a single-stage phase II trial of the combination of

fulvestrant and everolimus with a primary endpoint of time

to progression (TTP) from enrollment. Secondary end-

points were the assessment of response rates per RECIST

criteria, clinical benefit rate (CR?PR?SD of 24 weeks or

more), toxicity assessment, and exploratory biomarker

correlation with treatment benefit. A randomized trial of

fulvestrant versus exemestane after non-steroidal AI failure

in metastatic breast cancer (EFECT trial) served as the

historical control for single-agent fulvestrant effect [5],

with a reported median TTP on fulvestrant of 3.7 months.

We hypothesized that median TTP in our trial will increase

from 3.7 months for the historical fulvestrant-only control

to 7.0 months on the combination of fulvestrant and ev-

erolimus in the current trial. A sample of 40 evaluable

patients was calculated to show the increase in TTP with

80 % power and 5 % significance level based on a two-

sided test of differences in survival times between histor-

ical controls and treated group. TTP was defined as time

from study entry to disease progression or death, whichever

occurs first. For patients without disease progression, the

outcome was censored at the time of last assessment.

Overall survival (OS) was defined as time from study entry

until death or was censored at the time of last follow-up.

Median TTP and OS were estimated using the Kaplan–

Meier product limit survival curve. 95 % confidence

intervals (CI) were provided for response and survival data.

Wilcoxon signed-rank test was used to compare the median

values of lipid profile parameters. Sample size calculations

were conducted using NCSS (number cruncher statistical

systems) software (www.ncss.com) and adverse events

(AEs) were recorded using the NCI CTCAE v3.0 and were

summarized by grade and overall frequency. Analyses

were completed using SAS 9.3.

Results

Patients and disease characteristics

A total of 33 patients were enrolled on trial between March

2008 and October 2012; short of the planned accrual target,

since FDA approval of everolimus for the same patient

population in July 2012 lead to a significant drop in

accrual. Of the 33 patients enrolled, two were ruled ineli-

gible immediately after enrollment and were excluded from

further analysis (one because of elevated creatinine outside

the institutional reference range and one who required

immediate palliative radiation to painful spine metastasis).

Median patient age was 54 years with a range of

45–85 years (Table 1). All tumors were ER-positive and

the majority were PgR-positive as well (84 %). Two

patients had confirmed HER2-positive disease, one with de

novo metastasis and the other one upon biopsy of meta-

static disease in the liver at the time of relapse. The most

common sites of metastasis were bone (84 %), liver

(62 %), and lung (55 %), with 55 % of patients having 3 or

more sites of metastatic disease (Table 1). Twenty-two

patients (71 %) had received chemotherapy previously, 19

of them (61 %) in the adjuvant setting. Upon study entry,

74 % of the patients were receiving the AI as treatment for

metastatic disease and 26 % as adjuvant therapy. Overall,

patients were relatively heavily pretreated with 26 %

receiving protocol treatment as their 4th-line endocrine

therapy. Of particular note, 32 % of patients were classified

as having AI-resistant disease (defined as relapse within the

first 3 years of adjuvant AI or disease progression within

6 months of AI therapy for metastatic disease).

Efficacy analysis

Out of 31 evaluable patients, 29 (94 %) have discontinued

therapy at the time of this report. Most common reasons for

treatment discontinuation were disease progression (71 %),

study-related toxicity (10 %), unrelated intercurrent illness

(6 %), and patient choice (6 %), with 2 patients currently

remaining on treatment (32 and 16 months, respectively).

TTP is 7.4 months (95 % CI 1.9–12.1) (Fig. 1). The best

response data using RECIST criteria are summarized in

Table 2. The most frequent response observed was stable

disease (42 %). There was one patient with liver-only

metastatic disease who experienced complete response

(CR) and remains on study treatment 32 months after

enrollment. Partial response (PR) was observed in 3

patients (10 %) with an additional 2 patients with SD

experiencing 26 and 28 % reduction in target disease

measurement, respectively, just short of a PR. One patient

(85 year old) who discontinued treatment in the first month

because of grade-3 pneumonia and decline in her perfor-

mance status experienced a dramatic disappearance of

chest wall skin nodules and an 18 % reduction in her liver

metastasis on imaging studies done one month after treat-

ment. Overall, clinical benefit rate was 49 %. Interestingly,

one-third of the patients exhibited de novo resistance to

treatment as judged by first radiologic disease assessment

at 8 weeks, and 2 additional patients experienced
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progression on the second disease assessment at 16 weeks.

There were no discernible clinical variables that predicted

duration of treatment benefit, but the majority of long-term

responders were previously AI-sensitive as illustrated by

individual patient treatment graph (Fig. 2).

Table 1 Patient and disease characteristics

Characteristic n = 31

Age (years)

Median 54

Range 45–85

Race (%)

White 87

Black 10

Hispanic 3

Hormone receptor status (%)

ER-positive/PgR-positive 84

ER-positive/PgR-negative 16

HER2 status (%)

Negative 94

Positive 6

Histology (%)

Ductal 84

Lobular 10

Mixed ductal and lobular 3

Intracystic papillary 3

Relapsed vs. de novo metastasis (%)

Relapse 77

De novo 23

Number of metastatic sites

1 13

2 32

3 or more 55

Most common sites of disease (%)

Bone 84

Liver 62

Lung 55

Intact primary tumor 19

Skin 13

Prior therapy (%)

AI (within 6 months of enrollment) 100

Tamoxifen 81

Chemotherapy 71

3 or more endocrine therapies 26

Two aromatase inhibitors 23

AI sensitivity (%)a

Sensitive 68

Resistant 32

a AI-resistant disease was defined as less than 6 months of stable

disease in the metastatic setting or relapse within 3 years of therapy in

the adjuvant setting

Fig. 1 Kaplan–Meier graph of median time to progression in months

Table 2 Best overall response (n = 31)

Best response Number (%) Exact binomial 95 % CI

Complete response (CR) 1 (3) (0.1–16.7)

Partial response (PR) 3 (10) (2.0–25.8)

Stable disease (SD) 13 (42)a (24.5–60.9)

Progressive disease (PD) 10 (32) (16.7–51.4)

Not evaluable for response 4 (13) (3.6–29.8)

a Two patients had 26 % and 28 % reduction in target disease,

respectively

Fig. 2 Graph of individual patient duration of treatment with

everolimus and fulvestrant in months. Patients with AI-sensitive

disease are shown in blue and those with AI-resistant disease in red.

The asterisks indicate patients who were censored at the indicated

time points and the arrow indicates patients who continue on

treatment at the time of this publication
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At the time of this report, 22 patients have expired, none

of them while on study treatment, with a median overall

survival (OS) of 24.0 months (95 % CI 18.3–28.7) (Fig. 3).

Safety

All patients experienced some toxicity, summarized in

Table 3. The most common dose-limiting toxicity was

mucositis, with 2 patients requiring everolimus dose

interruption and then reduction in the first month of treat-

ment, with both these patients experiencing disease pro-

gression on first disease assessment at 2 months. A third

patient discontinued therapy in the first month of treatment

because of grade-3 mucositis and diarrhea despite dose

interruption and reduction. One additional patient experi-

enced intermittently recurrent mucositis over a year after

enrollment necessitating everolimus dose reduction and her

disease subsequently progressed after 4 months of the dose

reduction. Pneumonia occurred in 5 patients, requiring

treatment discontinuation in one, while the others recov-

ered after appropriate antibiotic treatment and remained on

protocol. The relationship of pneumonia to study treatment

is unclear but was most often judged to be community-

acquired. Grade-3 toxicities were infrequent, with one

grade-4 toxicity recorded (hypokalemia) and no patients

expired while on study. Overall, the majority of toxicities

were grade 1 and grade 2 and were reversible with ever-

olimus interruption or dose reduction.

Of particular note was the frequent development of

metabolic changes on treatment, including hyperglycemia

(71 %) and hypercholesterolemia (68 %). To further ana-

lyze the impact of everolimus on serum lipid profiles, we

compared fasting lipids at baseline and after 2 months of

treatment (Table 4). There was a significant and consistent

increase in all lipid profile parameters (p \ 0.001) which

persisted throughout follow-up bimonthly testing while on

study treatment (data not shown).

Discussion

Our study shows promising activity of combining everol-

imus with fulvestrant after AI failure, confirming the cen-

tral role of the PI3K/AKT/mTOR pathway in endocrine

resistance [13] and consistent with recent clinical trials

Fig. 3 Kaplan–Meier graph of median overall survival in months

Table 3 Adverse events (regardless of relation to study drugs)

Toxicity Grade

1

Grade

2

Grade

3

Grade

4

Total

(%)

AST elevation 20 7 0 0 27 (87)

ALT elevation 19 5 0 0 24 (77)

Anemia 15 7 1 0 23 (74)

Hyperglycemia 15 5 2 0 22 (71)

Hypercholesterolemia 15 6 0 0 21 (68)

Hypokalemia 14 0 4 1 19 (61)

Mucositis 3 12 3 0 18 (58)

Thrombocytopenia 15 2 0 0 17 (55)

Hypoalbuminemia 7 9 1 0 17 (55)

Weight loss 6 7 2 0 15 (48)

Leukopenia 11 3 0 0 14 (45)

Rash/skin changes 7 6 0 0 13 (42)

Nausea 8 2 1 0 11 (35)

Fatigue 6 4 0 0 10 (32)

Pneumonia 1 2 2 0 7 (23)

Vomiting 1 4 1 0 6 (19)

Anorexia 4 2 0 0 6 (19)

Hypocalcemia 6 0 0 0 6 (19)

Edema 3 2 1 0 6 (19)

Joint pain 4 2 0 0 6 (19)

Hyponatremia 5 0 1 0 6 (19)

Constipation 5 0 0 0 5 (16)

Diarrhea 3 2 0 0 5 (16)

Itching/dry skin only 1 2 0 0 3 (10)

Left ventricular

thrombus

0 0 1 0 1 (3)

Acute cholecystitis 0 0 1 0 1 (3)

Table 4 Fasting lipid profiles (median values)

Value Baseline 2 months p valuea

Total cholesterol 178.5 241.5 \0.0001

LDL 112 149 \0.0001

HDL 39 43 0.007

Triglycerides 127 226.5 0.0007

a Wilcoxon signed-rank test
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results of combining everolimus with other endocrine

agents in endocrine-resistant disease [16, 17]. To our

knowledge, this is the first combination-targeted strategy

with fulvestrant to show promising benefit in the AI-

resistant disease setting. Several other clinical trials com-

bining fulvestrant with other signaling pathway inhibitors

after AI failure were conducted, but the results were largely

disappointing, including combinations with angiogenesis

inhibitors [18, 19], insulin growth factor-1 receptor

(IGF1R) antibodies [20], and inhibitors of EGFR/HER2

[21, 22]. Our findings strongly support the role of the PI3K/

AKT/mTOR signaling as a common pan-endocrine resis-

tance pathway, across the different endocrine therapy

strategies tested to date.

Fulvestrant in particular, and despite its superiority in

preclinical models of ER-positive breast cancer [23],

clinical trials somewhat disappointingly showed more

modest results in comparison to either tamoxifen [24] or

aromatase inhibitors [5] [25, 26]. Because of the estab-

lished superiority of AIs over tamoxifen in the first-line

metastatic setting [1, 2], fulvestrant was incorporated after

AI failure in the second-line metastatic disease setting,

with a relatively modest median TTP of 3.7 months [5].

Subsequent research into improving clinical efficacy of

fulvestrant focused on three separate approaches: the use of

a higher dose, combination with AI therapy to counteract

competition from estrogen on ER inhibition, and combi-

natorial strategies with various inhibitors of pathways

implicated in endocrine resistance. At the time this study

was conducted, the FDA-approved dose of fulvestrant was

the loading dose regimen and this was the dose used in our

study for comparison with the reported TTP from the

EFECT trial [5]. In a subsequent study, high-dose fulve-

strant was found to have a superior progression-free sur-

vival compared to the loading dose regimen, although the

patient population was not restricted to those experiencing

AI failure, and in that subset of patients who received an AI

as their last treatment, benefit of high-dose fulvestrant was

less pronounced [27].

The second strategy to improve fulvestrant efficacy was

to combine it with an AI in the second-line metastatic

setting after initial AI therapy failure in order to enhance

ER blockade, but this strategy was no better than the ste-

roidal AI exemestane or fulvestrant alone, suggesting that

the strategy of combined endocrine therapy after AI failure

was not a beneficial approach [28]. Interestingly, in the

first-line setting, the combination of fulvestrant and an AI

was more effective than an AI alone, but there was no

fulvestrant-only control arm in that study [29] and another

study failed to show superiority of combined fulvestrant

and AI versus AI alone [30]. In all these aforementioned

endocrine combination studies, the loading dose fulvestrant

regimen was used and no combination endocrine studies

have been conducted to date with the currently FDA-

approved high-dose fulvestrant regimen. It is not currently

known whether using the higher dose instead of loading

dose fulvestrant strategy will offer additional benefit in the

second-line setting in future combination trials with PI3K/

mTOR inhibitors.

The efficacy of the combination of fulvestrant and ev-

erolimus in our strategy may well be restricted to the

second-line setting after initial AI failure based on the

biologic rationale of the relevance of PI3K/AKT/mTOR

signaling in endocrine-resistant disease. An earlier study

combining another mTOR inhibitor, oral temsirulimus,

with letrozole in first-line metastatic disease resulted in no

additional benefit for the combination compared to le-

trozole alone [31]. It is possible that the negative results in

first line maybe related to the particular combination of

agents used, although patients on temsirulimus did expe-

rience the classic toxicities ascribed to this class of drugs.

Whether the strategy of combining everolimus or newer

inhibitors of PI3K/AKT/mTOR with endocrine therapy

retains superior activity in the first-line metastatic setting

remains to be seen in future randomized studies.

Interestingly, while the combination of everolimus and

fulvestrant appears to be active in our study, it is clear that

at least a third of patients did not derive any benefit in this

unselected population. Certainly, better selection of

patients for future targeted therapy clinical trials is needed.

This is particularly important in view of the potential

toxicities of everolimus which, even though less than

would be expected from using chemotherapy, are still

greater than endocrine therapy alone. Short-term toxicity,

particularly mucositis, can be dose limiting and may lead to

treatment discontinuation or dose reductions which, despite

the small numbers, appears to be consistently associated

with disease progression in this study.

Of critical importance are the metabolic changes

observed with relative consistency on everolimus, includ-

ing hyperglycemia and dyslipidemia (also see Busaidy

et al. [32]), which carry significant implications for future

adjuvant trials and has potential impact on long-term risk

of cardiovascular disease. Monitoring and appropriate

treatment of lipid and glucose changes, if indicated, would

be an important consideration in balancing potential benefit

with toxicity in the early disease setting.

Because of these potential toxicities of mTOR inhibitors

and our observation that about a third of the patients

derived no benefit from this strategy, it is critical to identify

biomarkers that correlate with treatment benefit and thus

allow for better future patient selection. This will not only

spare toxicity for those unlikely to respond, but will allow

them to participate in more suitable clinical trials for their

specific disease subsets. Through target enrichment in

future trial designs, statistical power can be achieved with
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fewer patients to answer a specific study question. Bio-

marker analysis from this trial is ongoing and may help

shed light onto predictors of benefit from the use of mTOR

inhibitors with fulvestrant.

In conclusion, everolimus improves fulvestrant efficacy

in patients with metastatic ER-positive breast cancer after

failure of AI therapy and these findings are consistent with

a central role for the PI3K/mTOR pathway across com-

monly used endocrine therapy strategies. Future random-

ized studies of combined everolimus and fulvestrant are

needed to confirm these findings in the endocrine-resistant

disease setting. In addition, it may be worthwhile exam-

ining whether use of everolimus in combination with ful-

vestrant, or other endocrine agents, may be of benefit in

delaying the emergence of resistance in earlier settings or

in endocrine-sensitive disease. Regardless of which set-

ting this strategy is used, it is critical to identify potential

molecular predictors of benefit from mTOR inhibition, for

better selection of patients and to spare patients who are

unlikely to benefit the potential toxicities associated with

this treatment strategy.
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