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Abstract

Aim This retrospective analysis focused on the effect of

treatment with EVE/EXE in a real-world population

outside of clinical trials. We examined the efficacy of this

combination in terms of PFS and RR related to dose

intensity (5 mg daily versus 10 mg daily) and tolerability.
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Methods 163 HER2-negative ER?/PgR? ABC patients,

treated with EVE/EXE from May 2011 to March 2016,

were included in the analysis. The primary endpoints were

the correlation between the daily dose and RR and PFS, as

well as an evaluation of the tolerability of the combination.

Secondary endpoints were RR, PFS, and OS according to

the line of treatment. Patients were classified into three

different groups, each with a different dose intensity of

everolimus (A, B, C).

Results RR was 29.8% (A), 27.8% (B) (p = 0.953), and

not evaluable (C). PFS was 9 months (95% CI 7–11) (A),

10 months (95% CI 9–11) (B), and 5 months (95% CI 2–8)

(C), p = 0.956. OS was 38 months (95% CI 24–38) (A),

median not reached (B), and 13 months (95% CI 10–25)

(C), p = 0.002. Adverse events were stomatitis 57.7%

(11.0% grade 3–4), asthenia 46.0% (6.1% grade 3–4),

hypercholesterolemia 46.0% (0.6% grade 3–4), and

hyperglycemia 35.6% (5.5% grade 3–4). The main reason

for discontinuation/interruption was grade 2–3 stomatitis.

Conclusions No correlation was found between dose

intensity (5 vs. 10 mg labeled dose) and efficacy in terms

of RR and PFS. The tolerability of the higher dose was

poor in our experience, although this had no impact on

efficacy.

Keywords Everolimus � Dose intensity � Side effects �
Breast cancer � Real-world population

Introduction

The majority of advanced breast cancer (ABC) patients

have an endocrine-sensitive disease at diagnosis [1, 2]. In

the last decades, endocrine agents, such as aromatase

inhibitors and fulvestrant, have shown efficacy in the

treatment of advanced endocrine-responsive breast cancer

[3–9]. Nevertheless, resistance occurs in about 40% of

patients that progress after an initial response [10]. The

mechanism of endocrine resistance and tumor progression

involves a complex biological pathway linked to cell cycle,

survival, and motility gene activation, such as phos-

phatidylinositol 3-phosphate kinase (PI3K), protein kinase

B (akt/PKB), and mammalian target of rapamycin (m-Tor)

[11]. These pathways are trigger points that promote sec-

ondary endocrine resistance in advanced breast cancer

[12–14]. In preclinical models, long-term estrogen depri-

vation of breast cancer cells induces upregulation of the

PI3K pathway, leading to independent activation of phos-

phorylation through the m-TOR complex 1 [13, 15].

The role of the m-TOR pathway in a clinical setting was

explored in the phase 3 trial BOLERO-2 [16]. This study

showed an advantage in terms of progression-free survival

(PFS) and response rate (RR) in favor of the association of

everolimus and exemestane (EVE/EXE), in HER2-nega-

tive advanced breast cancer patients progressing after

treatment with a non-steroidal aromatase inhibitor. Two

studies were conducted to evaluate the tolerability of EVE/

EXE in a real-world population [17, 18]. Both the efficacy

and tolerability of the association were examined, but dose

interruption/reduction, dose intensity, and relation to effi-

cacy were not investigated.

This retrospective analysis, conducted in a real-world

population, aims to evaluate the correlation between dose

intensity and efficacy of everolimus, in order to add new

information that can be useful in daily clinical practice.

Materials and methods

The medical records of 163 HER2-negative, hormone

receptor-positive ABC patients, treated in eleven Italian

centers with EVE/EXE, according to the clinical practice,

were reviewed. Eligible patients were required to have

evaluable disease and clinical data about safety were

retrieved. Primary endpoints were the tolerability of ever-

olimus and the correlation between the daily dose intensity

(5 vs. 10 mg) and response rate (RR) and progression-free

survival (PFS). As secondary endpoints, the following

parameters were analyzed: RR, PFS, and overall survival

(OS) according to the line of treatment (from 1st to 3rd

versus 4th and beyond). Adverse events were monitored

monthly and classified by the National Cancer Institute
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Common Toxicity Criteria (NCI CTCAE v. 4.0); response

rate was evaluated according to RECIST criteria v. 1.1

every 12 weeks, from baseline until disease progression.

Clinical benefit rate (CBR), defined as the sum of complete

responses (CR), partial responses (PR), and stable disease

(SD) equal or longer than 24 weeks, was also evaluated.

Dose intensity was calculated as median daily dose in

milligrams, from the first day the patient started treatment

until the last day the patient received the EVE/EXE com-

bination. Date of discontinuation was defined as the last

day the patient received everolimus, regardless of

exemestane. Effectiveness measures included PFS duration

(from the beginning of treatment with EVE/EXE to the first

recorded occurrence of disease progression or death

assessed by the physician) and OS duration (from the

beginning of treatment with EVE/EXE to death or cen-

soring). Patients with an evaluable response should have

received the EVE/EXE association for a minimum of

60 days. Primary endocrine resistance was defined as fol-

lows: relapse while on the first 2 years of endocrine adju-

vant therapy or disease progression within the first

6 months of first-line hormonal treatment for advanced

disease; secondary endocrine resistance was defined as

progression after 2 years of adjuvant treatment or after

6 months from the beginning of treatment for metastatic

disease [19].

Results

The data of 163 patients treated with EVE/EXE from May

2011 to March 2016 were analyzed. Data cutoff was March

2016. Patient characteristics are summarized in Table 1: the

median age was 63 years (39–83), and most of the patients

had visceral disease at diagnosis (55.8%). Patients treated

with hormonal adjuvant therapy (HT) were 114 (69.9%), of

whom 14 (12.3%) relapsed within 2 years of adjuvant

treatment and 100 (87.7%) relapsed after 2 years of adjuvant

HT; 133 (81.6%) patients received a median of 1 line of

endocrine treatment for advanced disease (0–5). One hun-

dred and five patients (64.4%) received chemotherapy for

metastatic disease; the median number of previous lines of

chemotherapy (CT) was 1 (0–6) (see Table 1).

Patients were classified into three different groups,

according to the everolimus dose intensity. Group A

(n = 84, 51.6%) included patients who never stopped

taking 10 mg of everolimus or temporarily interrupted and

resumed treatment at a dose of 10 mg. Group B (n = 54,

33.1%) included patients who started with 10 mg of ever-

olimus, temporarily interrupted it, and subsequently

resumed treatment at a dose of 5 mg; we also included in

this group two patients treated at a starting dose of 5 mg,

because of poor performance status and comorbidities at

baseline. Group C (n = 25, 15.3%) included patients who

definitively interrupted treatment with everolimus, at 10 or

5 mg, since toxicity occurred within 60 days from the

beginning of treatment (before disease evaluation).

Efficacy according to the dose intensity

of everolimus

Median duration of treatment was 301 (A), 296 (B), and 36

(C) days. Median daily dose was 9.6 (A), 6.4 (B), and

7.6 mg (C). RR was 29.8% (A), 27.8% (B) (p = 0.953),

and not evaluable (C). PFS was 9 months (95% CI 7–11)

(A), 10 months (95% CI 9–11) (B), and 5 months (95% CI

2–8) (C), p = 0.956 (Table 2; Fig. 1). OS was 38 months

(95% CI 24–38) (A), median not reached (B), and

13 months (95% CI 10–25) (C), p = 0.002, respectively

(Table 2; Fig. 2).

Safety

Toxicity was evaluable in all population. The most fre-

quent adverse events were stomatitis 57.7% (11.0% grade

3–4), asthenia 46.0% (6.1% grade 3–4), hypercholes-

terolemia 46.0% (0.6% grade 3–4), and hyperglycemia

35.6% (5.5% grade 3–4) (see Table 3). The main reason for

discontinuation/interruption was grade 2–3 stomatitis.

EVE/EXE was administered as first-line treatment in

11.1% of the patients (n = 18), as second line in 25.8%

(n = 42), as third line in 23.9% (n = 39), and in forth or

beyond line in 39.2% (n = 64). A total of 136 out of 163

patients were evaluable for efficacy; patients included in

the efficacy analysis received treatment with everolimus

10 mg and/or 5 mg for a minimum of 60 days. Complete

response and partial response were observed in 6 and in 34

patients, respectively, with an overall RR of 29.4%.

Table 1 Patient characteristics

Patient characteristics N = 163

Median age 63 years (39–83)

Median number of metastatic sites 2 (1–5)

Visceral disease 91 (55.8%)

No visceral disease 72 (44.2%)

Adjuvant HT 114 (69.9%)

Primary endocrine resistance 14 (12.3%)

Secondary endocrine resistance 100 (87.7%)

HT for advanced disease prior to EVE/EXE 133 (81.6%)

Median number of HT lines 1 (0–5)

CT for advanced disease prior to EVE/EXE 105 (64.4%)

Median number of CT lines 1 (0–6)

HT Hormonal therapy; CT chemotherapy
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Stable disease (SD) was observed in 59 patients and pro-

gressive disease (PD) in 37 patients. CBR was observed in

72.8% of patients. Median PFS for the overall population

was 9 months (95% CI 8–9). Overall survival was

38 months (95% CI 27–38). RR according to the line of

treatment (from 1st to 3rd vs. 4th and beyond) was 28.0

versus 31.5% (p = 0.812), respectively. PFS according to

the line of treatment was 9 months (95% CI 7–9 and 7–11,

respectively) in both subgroups (p = 0.864) (Fig. 3). OS

according to the line of treatment was 38 months (95% CI

27–38) and 28 months (95% CI 16–30), respectively

(p = 0.371) (Fig. 4).

Table 2 Efficacy according to

the dose intensity
Group A (n = 84) Group B (n = 54) Group C (n = 25)

Median duration of treatment (days) 301 296 36

Daily dose intensity (mg) 9.6 6.4 7.6

RR (%) 29.8 27.8* NV

PFS (months) 9 (7–11) 10 (9–11)** 5 (2–8)

OS (months) 38 (24–38) NV 13 (10–25)

RR Response rate; PFS progression-free survival; OS overall survival

* p = 0.953

** p = 0.956

Fig. 1 Progression-free

survival according to the dose

intensity

Fig. 2 Overall survival

according to the dose intensity
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Discussion

About 70% of patients with ABC have endocrine-respon-

sive HER2-negative disease at diagnosis [20]. The current

guidelines recommend a sequencing strategy with all the

endocrine options available, to delay chemotherapy and

increase the quality of life of patients with endocrine-sen-

sitive metastatic disease [21]. Nevertheless, endocrine

resistance is an event that occurs in about 30% of the

population with endocrine-positive ABC [22]. New

strategies have been recently investigated to overcome

endocrine resistance. The efficacy of everolimus associated

with exemestane was described in the BOLERO-2 trial

[16] with an improvement in PFS but no impact on OS

[23]. The association of EVE/EXE has a higher discon-

tinuation rate when compared to endocrine treatment alone,

because of the greater toxicity rates, as shown in the

BOLERO-2 trial [16, 24, 25]. Outside of clinical trials,

adherence to treatment and relative time of exposure to the

drug become crucial issues in daily clinical practice.

Investigation on the adherence to therapy is an unmet

clinical need for oral antitumoral treatments, involving

both the adjuvant and advanced settings. In a retrospective

series of 8750 patients with early breast cancer [26] treated

with adjuvant HT, only 47% took the prescribed therapy

for the optimal duration and dose. In the BOLERO-2 trial,

the median dose intensity was 8.6 mg/day [27, 28], and in

the everolimus plus exemestane arm, 46% of patients had a

relative everolimus dose intensity between 0.9 and 1.1;

19% of patients had a relative dose intensity between 0.7

and \0.9 and, finally, only 17% had a dose intensity

between 0.5 and \0.70; no correlation was reported

between dose intensity and response [24, 25]. Drug expo-

sure in the BOLERO-2 trial was affected by age; in detail,

in patients aged C70, the median dose intensity was lower

(8.9 vs. 7.2 mg/daily) and the median exposure for both

EVE/EXE was decreased [29]. No effect on response was

seen in this group, despite the decreased drug dose. Dose

reduction or interruption in the BOLERO-2 trial was 62%,

but 44% of these patients resumed treatment at a dose of

10 mg; the difference in response between the patients that

resumed treatment at a full dose and the others was not

investigated. Median duration of dose reduction was

29 days in the BOLERO-2 trial [28]. In the retrospective

study BRAWO, conducted in a real-world population, the

compliance to EVE was between 80 and 100% of the

Table 3 Incidence of adverse events

Adverse events Overall % Grade 3–4 %

Stomatitis 57.7 11.0

Asthenia 46.0 6.1

Hypercholesterolemia 46.0 0.6

Hyperglycemia 35.6 5.5

Anemia 31.9 4.9

Hypertriglyceridemia 27.6 0.6

Peripheral edema 25.8 1.2

Increased ALT/AST/GGT 23.9 6.1

Rash 23.3 0.6

Thrombocytopenia 22.1 4.3

Weight loss 19.0 1.2

Diarrhea 18.4 1.8

Dysgeusia 17.8 0.6

Pneumonitis 17.2 3.7

Cutaneous toxicity 16.6 1.2

Infection 16.0 3.1

Neutropenia 13.5 1.8

Anorexia (without stomatitis) 12.3 1.2

Nausea 12.3 0.0

Fig. 3 Progression-free

survival according to the line of

treatment
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intended dose in more than 90% of patients, as reported in

patient diaries [17]. The BALLET trial reported a 56.2% of

dose interruptions, a duration of treatment at 10 mg of

86 days, and a dose change of 59.6%, similar to what was

reported in the BOLERO-2 trial [16, 18]. Moreover, in this

study, a C0.90 relative dose intensity was described. No

further investigation was conducted on dose intensity and

response either in the BALLET or in the BRAWO study. A

real-world population represents an ideal scenario to

examine drug adherence and tolerability after its registra-

tion and outside of the selected population of a clinical

trial. Adequate adherence to treatment with novel drugs is

crucial in order to plan therapeutic strategies for endocrine-

sensitive patients, in a time when new drugs are becoming

available.

The percentage of interruption and/or reduction

observed in our analysis was 69%, which is slightly higher

than that reported in the BOLERO-2 trial [16, 25]; 15.3%

of patients permanently interrupted treatment within

60 days from the start because of toxicity. The percentage

of resumption at 10 mg was 20.9%, lower than that

observed in the BOLERO-2 trial [16, 24], while the per-

centage of resumption at 5 mg was 33.1%. The median

interruption of treatment lasted 27 days and the first event

occurred within two months of starting treatment. The

adherence to the labeled dose of everolimus appeared to be

very low in our clinical experience, since only 30.7% of

patients were able to continue treatment at a dose of 10 mg

without interruptions. Even though the daily dose intensity

differed for the 10 and 5 mg groups, 9.6 versus

6.4 mg/daily, respectively, this did not seem to influence

RR and PFS.

To our knowledge, this is the first analysis conducted in

a real-world population after the approval of EVE/EXE

combination, to address the correlation between treatment

dose and efficacy. We observed that, in an unselected

population, the adherence to treatment with the full dose of

10 mg is very low, although this does not seem to decrease

RR and PFS. According to the data obtained from exposure

to everolimus in other solid tumors [30], we can suggest

that dose intensity is not the only thing we should keep in

mind when trying to achieve disease response. From a

clinical point of view, we think that exposing the patient at

the start to a reduced dose of everolimus (5 mg) may

enable us to achieve the same results and to increase

treatment adherence, with fewer side effects. The incidence

and grade of adverse events are, in our study, comparable

to those reported in the BOLERO trials. Furthermore, we

observed some unusual toxicities, such as skin disorders

that required both topical and oral corticosteroid treatment,

even after the interruption of the drug, maybe linked to the

drug class effect. Moreover, the lower tolerance observed

in some patients could be related to a different metabolism

of everolimus by cytochrome CYP3A, which has a high

expression variability in the population [31].

Conclusions

We think that this study is biased by its retrospective nat-

ure, but it could suggest that continuing treatment at a full

dose when we have a low adherence may not be all that

matters. In conclusion, this analysis reflects the need to

personalize treatment and is relevant to our everyday

clinical practice. According to our findings, when a dose

reduction of 5 mg is needed, physicians could increase

adherence and time of exposure to the drug without com-

promising efficacy and PFS by keeping the reduced dose

Fig. 4 Overall survival

according to the line of

treatment
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until disease progression. At the same time, we suggest a

careful evaluation of the starting dose for frail patients with

comorbidities and/or taking multiple other drugs [32, 33],

in order to obtain a good adherence to treatment.
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