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Abstract

Original Article

Background: This phase IIIb, open‑label study enrolled patients from nine Asian and Middle Eastern countries to evaluate the safety and efficacy of the 
combination therapy in underrepresented patient populations from the Breast Cancer Trials of Oral Everolimus‑2 (BOLERO‑2). Here, we report the Taiwanese 
subset data. Materials and Methods: The primary objective was to evaluate the safety and tolerability of everolimus and exemestane (EVE + EXE); 
the secondary endpoints included progression‑free survival (PFS), response rates, and clinical benefit rate. Postmenopausal patients who had metastatic, 
recurrent, or locally advanced hormone receptor‑positive/human epidermal growth factor receptor 2‑negative (HR+/HER2−) advanced breast cancer (ABC) 
refractory to nonsteroidal aromatase inhibitor (NSAI) and had received EVE + EXE were recruited. Results: From March 2013 to October 2014, 235 
postmenopausal women were enrolled in EVEREXES. Taiwanese patients (n = 22) had similar baseline characteristics compared with BOLERO‑2 
cohort; most (17/22) had discontinued due to disease progression. Only two patients dropped out due to unacceptable adverse events (AEs) despite worse 
stomatitis (any 77.3%; grade 3/4, 18.2%). Other common AEs included pneumonitis (45.5%), rash (27.3%), and hyperglycemia (9.1%). PFS and safety 
in EVEREXES compared favorably with BOLERO‑2, especially among Taiwanese patients (median: 49 weeks; 95% confidence interval = 19.3–82.0). 
Conclusion: Although EVEREXES had a small Taiwanese population, the encouraging outcomes compared with BOLERO‑2 showed that EVE + EXE 
is safe for Taiwanese patients with HR+ HER2− ABC who progressed on 
NSAIs. Large‑scale verification is warranted.
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Introduction

Breast cancer is one of the most common malignancies 
in women, with numbers rising yearly. The World Health 
Organization estimates a 46% rise in incidences of breast 
cancer by 2040 globally as well as in the Asian region.[1] Most 
mortalities of breast cancer are due to consequences arising 
from recurrence or metastasis, which eventually affects up 
to 30% of women treated for early‑stage breast cancer. For 
metastatic disease, the median life expectancy after starting 
chemotherapy is only 2–3 years,[2] and treatment goals in this 
setting are usually palliative.

Endocrine therapy is one of the standard therapies for breast 
cancer, but 30%–50% of hormone receptor‑positive  (HR+) 
tumors do not respond to first‑line anti‑estrogen therapy,[3‑5] 
and breast cancers recur in one‑third of patients within 15 years 
after discontinuing tamoxifen.[6] Endocrine resistance has 
multifarious, complex, and interacting causes. Exemestane 
(EXE), a steroidal androstenedione analog, which is 
also indicated for treating disease progression following 
tamoxifen,[7] has been shown to be superior in prolonging 
survival following recurrence or progression on nonsteroidal 
aromatase inhibitors (NSAIs).[8,9] However, the clinical benefit 
rate (CBR) of EXE following NSAI is modest (<40%), and 
given that almost all HR+ advanced breast cancers (ABCs) 
eventually become refractory to endocrine therapy,[10] more 
effective alternatives are needed.

Everolimus (EVE), a selective inhibitor of the mechanistic target 
of rapamycin (mTOR), suppresses tumor cell proliferation[11,12] 
and has indications for treating diverse neoplasms.[13] mTOR 
is the downstream signal transducer of human epidermal 
growth factor receptor 2 (HER2) in the PI3K/AKT cascade, 
which plays a central role in tumorigenesis and is activated 
in endocrine‑resistant breast cancer cell lines.[10,11] Efficacy 
of EVE in preclinical models[14] was affirmed by subsequent 
trials in estrogen receptor‑positive (ER+) breast cancer, both 
as monotherapy[15] and with concomitant letrozole,[16] EXE,[17] 
and tamoxifen.[18]

Breast Cancer Trials of Oral Everolimus‑2  (BOLERO‑2) 
was a global, multicenter, randomized, double‑blind, 
placebo‑controlled, phase III study of EVE + EXE versus 
EXE monotherapy in 724 postmenopausal women with 
ER+/HER2‑negative (HER2−) ABC that had recurred 
or progressed on NSAIs. The median progression‑free 
survival (PFS) of women randomized to EVE + EXE was 
7.8 months versus 3.2 months for EXE plus placebo (hazard 
ratio  =  0.45; 95% confidence interval  [CI] =0.38–0.54; 
P < 0.0001), with a significantly higher CBR (51.3% vs. 
26.4%, P  <  0.0001),[19] with generally mild or moderate 
and manageable adverse events  (AEs). However, there 
are limited data on the safety and efficacy of EVE in the 
Asian population. Only 20% of the patients recruited in 
BOLERO‑2 were Asian;[19] among all 143 Asian patients in 
BOLERO‑2, 106 were Japanese and 5.1% were of Chinese 
descent.[20] Post hoc analysis showed that the median PFS 

for Asians was 8.5  months versus among non‑Asians at 
7.3 months.[20]

EVEREXES was conducted to evaluate the safety, tolerability, 
and efficacy of EVE in postmenopausal patients with ER+/
HER2− breast cancer refractory to prior NSAI therapy. The 
final safety and efficacy outcomes from the EVEREXES trial 
were reported by Im et al.[21] Here, we report the results for 
the Taiwanese subset.

Materials and Methods

Patients
Postmenopausal women with HR+/HER2− locally advanced 
or metastatic breast cancer that recurred or progressed on/after 
NSAI therapy from 13 countries across Asia, the Middle East, 
and Africa were recruited in this international, multicenter, 
single‑arm, prospective, open‑label, phase IIIb study. The 
inclusion and exclusion criteria were previously reported by 
Im et al.[21]

This study was conducted in accordance with the International 
Council for Harmonization of Technical Requirements for 
Pharmaceuticals for Human Use‑Good Clinical Practice 
guidelines and the ethical principles that are outlined in the 
Declaration of Helsinki 2008. The study protocol was reviewed 
and approved by the investigational center’s ethics committee 
or institutional review boards. Written informed consent 
was obtained from each patient prior to any study‑specific 
procedures being performed. This study is registered on 
ClinicalTrials.gov (NCT03176238).

Treatment
Patients received EVE 10 mg/day and EXE 25 mg/day as long 
as CBR was observed until disease progression or unacceptable 
toxicity occurred. Severe and/or intolerable suspected AEs 
were managed by temporary dose reduction and/or interruption 
of EVE. If a dose reduction was required, the suggested dose 
was 50% lower than the daily dose previously administered. 
Dose reduction beyond two dose levels was not allowed, and 
patients were discontinued from the study in case of dose 
interruption for >28 days.

Study treatment was continued as long as clinical benefit 
was evident, with the end of the trial defined as the date of 
the last EVE dose before any of the following: treatment 
interruption  >4  weeks; documented disease progression; 
unacceptable toxicity; death; concurrent illness or changes in a 
patient’s condition precluding further EVE treatment; need for 
other anticancer therapy (except palliative radiotherapy for bone 
lesions); or withdrawal for any other reason. A safety follow‑up 
visit was scheduled 30 days (±2 days) after the end of the trial. 
Any further AE during this period was logged; subsequent AEs 
suspected to be related to EVE were also documented.

Outcome measures
The primary endpoints were safety and tolerability, assessed 
according to the Common Terminology Criteria for AEs, 
version 4.03.
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The secondary efficacy endpoints were assessed by local 
investigators based on radiological assessments of tumor 
burden, defined according to RECIST 1.1,[22] and included 
overall response rate (ORR), defined as the total proportion 
of patients with best overall response of either complete 
response (CR) or partial response (PR); PFS, defined as the 
proportion of patients without documented progression or 
those dying from any cause during the study period; and CBR, 
defined as the proportion of patients with best overall response 
of CR, PR, or stable disease (SD) lasting ≥24 weeks (from first 
recorded response until first documented progression or death 
from cancer) during the study period.

Data analysis and statistics
This was a descriptive study, with no hypothesis testing, that 
combined data from participating centers to accrue a proposed 
convenience sample of ≤400 subjects. Categorical variables 
were summarized by absolute and relative frequencies and 
continuous variables by descriptive statistics. Prespecified 
analyses included patients’ baseline characteristics, exposure 
to EVE and EXE, treatment safety/tolerability, and efficacy 
assessments. CI was calculated using the Clopper–Pearson 
method and PFS using the Kaplan–Meier analysis. Best overall 
response (CR, PR, SD, progressive disease [PD], or unknown), 
ORR, and CBR were summarized for the whole study period 
using frequency tables together with their associated two‑sided 
exact 95% CIs.

Results

Patient characteristics
From March 29, 2013, to October 31, 2014, 235  patients 
from 13 countries across Asia, the Middle East, and Africa 
were recruited, of which 22 patients were Taiwanese. The 
median age of the Taiwanese cohort was 61.3 years (range: 
43.0–74.0 years), most patients were at Eastern Cooperative 
Oncology Group performance status (ECOG PS) of 0 (72.7%). 
The baseline patient demographics and clinical characteristics 
are summarized in Table 1.

Treatment
Exposure to everolimus and exemestane
The median follow‑up duration in the EVEREXES Taiwan 
cohort was 16 months, with a median duration of dose exposure 
of 38.5 weeks. The median relative dose intensity (RDI) of 
EXE and EVE was 100% and 97%, respectively. Overall, 
15/22 (68.2%) patients had dose reduction in EVE, primarily 
due to AEs  (93.3%). All patients eventually discontinued 
treatment. A  majority of the patients  (17/22, 77.3%) 
discontinued due to disease progression, followed by 2 (9.1%) 
patients complaining of unacceptable AEs [Table 2].

Safety
Majority of the patients (21/22, 95.5%) had treatment‑emergent 
AEs (TEAEs), with a large proportion of patients reporting 
stomatitis  (grade  1, 63.6%; grade  2, 13.6%, grade  3/4, 
18.2% [Table 3]).

A high number of patients experienced TEAEs of special 
interest associated with EVE  (21/22, 95.5%), stomatitis 
(17, 77.3%), pneumonitis  (10, 45.5%), and infections 
(3, 13.6%) affected >10% of patients [Table 4].

Efficacy
At the end of the study, there were no cases of CR reported. 
However, 4 patients had PR, 12 patients had SD, while 5 
patients reported PD. The median PFS in the Taiwanese subset 
was 49 weeks (95% CI = 19.3–82.0), with a CBR of 63.6% 
[Table 5 and Figure 1].

Discussion

The overall findings in EVEREXES were consistent with 
the safety profile and efficacy outcomes in BOLERO‑2.[22] 
Moreover, due to the less restrictive inclusion criteria of 
EVEREXES, these results in Asian patients may be more 
representative of what can be practically achieved in real‑world 
clinical practice. PFS of patients in Taiwan compared favorably 
with that from the BOLERO‑2 cohort, supporting the rationale 
for using EVE + EXE combination therapy as an option for 
treating patients with HR+/HER− ABC.

Compared with BOLERO‑2 treatment cohorts, a higher 
proportion of the Taiwanese subset in EVEREXES were fully 

Table 1: Baseline characteristics of EVEREXES Taiwanese 
patients

Characteristic EVEREXES Taiwan 
(n=22), n (%)

Median age, years (range) 61.3 (43.0–74.0)
ECOG performance status

0 16 (72.7)
1 5 (22.7)
2 1 (4.5)

Measurable disease 21 (95.5)
Metastatic sites (%)

Lung and/or liver 72.7
Bone 54.5
Bone only 0

Sensitive to prior endocrine therapya 12 (54.5)
NSAI as most recent treatment 21 (95.5)
Prior tamoxifen 8 (36.4)
Prior fulvestrant 1 (4.5)
Any previous chemotherapy 15 (68.2)

Prior chemotherapy for metastatic breast cancer 6 (27.3)
Latest treatment setting (%)

Adjuvant/neoadjuvant 5 (22.7)
Advanced/metastatic disease 17 (77.3)

Number of prior systemic therapies (in adjuvant 
or metastatic setting)

1 5 (22.7)
≥2 17 (77.3)

aDefined as at least 24 months of endocrine therapy before recurrence in 
the adjuvant setting or a response or stabilization for at least 24 weeks 
of endocrine therapy for advanced disease. ECOG: Eastern Cooperative 
Oncology Group, NSAI: Nonsteroidal aromatase inhibitor
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active  (ECOG PS score 0). The study population also had 
comparatively less bone involvement than their BOLERO‑2 
counterparts, with one‑quarter the prevalence of bone‑only 
metastases; hence, a higher proportion had measurable 
disease. In comparison, proportionally fewer Taiwanese 
patients in EVEREXES were sensitive to prior endocrine 
therapy; higher proportions of patients from Taiwan had 
NSAI as the latest treatment for advanced disease, and prior 
chemotherapies for metastatic disease were twice more than 
as in BOLERO‑2.

The median RDI of EXE was 100% in all cohorts and 
was slightly higher for EVE for the Taiwanese subset 

in EVEREXES than in BOLERO‑2  (97.0% vs. 86.0%). 
Taiwanese patients also showed a higher median exposure 
duration to EVE  (including interruptions) than those in 
BOLERO‑2 (38.5 weeks vs. 23.9 weeks).[19]

Consistent with a higher incidence of stomatitis among Asian 
versus non‑Asian patients in BOLERO‑2 (80% vs. 54%),[20] 
patients in EVEREXES Asia were also worse affected by 
stomatitis (any grade, 62.8% vs. 59.1%),[22] and this was also 
reflected in the Taiwanese population. However, studies have 
shown that the incidences of stomatitis did not impact PFS.[23] 
As shown from real‑world data from Austria, patients treated 
with EVE 10 mg versus 5 mg had superior PFS;[24] therefore, the 

Table 3: Common treatment‑emergent adverse events by Common Terminology Criteria for Adverse Events grade  (>5%)

CTCAE grade Grade 1, n (%) Grade 2, n (%) Grade 3 or 4, n (%)
Number of patients with at least one TEAE suspected due to study drug 21 (95.5) 17 (77.3) 9 (40.9)
Stomatitis 14 (63.6) 3 (13.6) 4 (18.2)
Hyperglycemia 3 (13.6) 5 (22.7) 0
Blood cholesterol increased 3 (13.6) 0 0
Aspartate aminotransferase increased 2 (9.1) 2 (9.1) 2 (9.1)
Alanine aminotransferase increased 2 (9.1) 0 2 (9.1)
Pneumonitis 2 (9.1) 2 (9.1) 0
Pruritus 2 (9.1) 1 (4.5) 1 (4.5)
Rash 2 (9.1) 2 (9.1) 0
Hypertriglyceridemia 2 (9.1) 1 (4.5) 0
Dermatitis 2 (9.1) 0 0
Rash maculopapular 2 (9.1) 0 0
Interstitial lung disease 1 (4.5) 2 (9.1) 0
Blood creatinine increased 0 2 (9.1) 2 (9.1)
CTCAE: Common Terminology Criteria for Adverse Events, TEAE: Treatment‑emergent adverse event

Table 2: Drug exposure

EVEREXES Taiwan (n=22)

Everolimus (n=22), n (%) Exemestane (n=22), n (%)
Duration of drug exposure including interruptions (weeks)

Mean±SD 44.7±34.10 44.7±34.13
Median 38.5 38.5

RDI (%)
Mean±SD 82.4±22.08 98.0±7.31
Median 97.0 100.0

Patients with dose reduction, n (%) 15 (68.2) 15 (68.2)
Reason for dose reduction or interruption, n (%) 15 5

Per protocol 0 (0.0) 1 (20.0)
AE 14 (93.3) 2 (40.0)
Dosing error 1 (6.7) 2 (40.0)
Laboratory test abnormality 0 0
Scheduling conflict 0 0
Dispensing error 0 0

Primary reason for study treatment discontinuation, n (%) 22 (100.0) NA
Unacceptable AE 2 (9.1) NA
Abnormal laboratory value 1 (4.5) NA
Consent withdrawal 1 (4.5) NA
Disease progression 17 (77.3) NA
EVE dose interruption >4 weeks 1 (4.5) NA

AE: Adverse event, EVE: Everolimus, RDI: Relative dose density, NA: Not available, SD: Standard deviation
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use of prophylactic steroid mouthwash which has been shown 
to decrease the incidences of stomatitis would enable patients 
to be maintained on the full dose, thereby enhancing treatment 
efficacy.[25] Taiwanese patients who reported stomatitis in this 
trial were treated with steroid mouthwash to manage their 
symptoms and they maintained close to 100% median RDI 
of EVE. This confirms that good stomatitis management can 
make an important contribution to prolonging survival, as well 
as improving patients’ quality of life.

Patients in EVEREXES Asia and its Taiwanese subset 
had nearly twice the incidence of hyperglycemia observed 
in BOLERO‑2;[20,21] however, no Taiwanese patients 
had a grade  3/4 episode, indicating that, like stomatitis, 
hyperglycemia was adequately managed.

Proportionally fewer patients from Taiwan discontinued 
treatment due to unacceptable AEs despite the high incidence 
of hyperglycemia and any grade stomatitis. Dose reduction or 
interruption due to AEs was similar to BOLERO‑2 (9.1% vs. 
9.1%), and a comparatively higher dose intensity indicated that 
patients in Taiwan were better able to tolerate EVE + EXE at 
the per‑protocol dosage. There was no grade ≥3 rash reported 
in the Taiwanese cohort.

Despite their potentially unfavorable visceral tumor burden, 
efficacy outcomes of EVE + EXE in Taiwanese patients were 
comparable to the BOLERO‑2 cohorts  (ORR: 18.2% vs. 
12.6%; CR: 0% vs. 0.6%; PR: 18.2% vs. 12.0%).[19] The results 
reaffirm the choice of EVE + EXE in HR + HER2‑ABC.

These studies do, however, predate the use of cyclin‑dependent 
kinase 4/6  (CDK 4/6) inhibitors, which are recently 
considered the standard of care for ABC in combination 
with backbone endocrine therapy in the first‑ or second‑line 
setting. MONALEESA‑3/7 and MONARCH‑2 have shown 
that CDK4/6 inhibitors greatly improve PFS and overall 
survival over ET monotherapy.[26‑28]

Despite these advancements, tumors initially responding to 
endocrine therapy, including CDK4/6 inhibitor combination, 
would eventually develop resistance due to the aberrant 
signaling in the phosphatidylinositol 3‑kinase/protein 
kinase B (AKT)/mTOR complex 1 (PI3K/AKT/mTORC1) 
pathway.[29] It is only logical to combine inhibitors of this 
pathway with endocrine therapy.

In patients with PIK3CA mutation which causes constitutive 
PI3K activation, alpelisib + fulvestrant is an option of treatment 
after progression from endocrine‑based therapy.[30] In the 
BOLERO‑2 study, PIK3CA mutation did not affect PFS benefit 
with EVE; however, patients with exon‑9 mutations exhibited 
greater PFS improvement compared to those with exon‑20 
mutation, which highlights the need for mutation testing.[31] In 
case alpelisib is unavailable, mTOR inhibitors such as EVE 
can also be considered the next step in therapy for patients 
who have progressed on NSAI therapy.[30] In clinical practice, 
EVE in combination with fulvestrant may also be an option 
for patients who do not respond to EXE;[32] however, more 
studies would be required to understand the optimal choice 
of companion drug.

Limitations
EVEREXES was subject to limitations of having a 
nonrandomized open‑label design. Comparisons between 
patient cohorts in EVEREXES and BOLERO‑2 are entirely 
subjective, and must therefore be interpreted with caution, 
especially given the relatively smaller number of Taiwanese 
patients. It is possible that results from Taiwan may reflect a 
selection bias toward patients with strong hormone receptor 
expression. Nevertheless, overall similarities of inclusion 
criteria and characteristics of their patient cohorts between 
the EVEREXES Asia and BOLERO‑2  support the validity 
of making comparisons between them. Moreover, the great 

Table 4: Treatment‑emergent adverse event of special 
interest associated with everolimus  (n=22)

Type Number of AEs, n (%) 
Any grade

Stomatitis 17 (77.3)
Pneumonitis 10 (45.5)
Skin rash 6 (27.3)
Hyperlipidemia 4 (18.2)
Infections 3 (13.6)
Hyperglycemia 2 (9.1)
Increased creatinine/renal failure/proteinuria 2 (9.1)
AEs: Adverse events

Figure 1: Progression‑free survival

Table 5: Best overall response  (n=22)

Overall study period EVEREXES Taiwan, n (%) 
95% CI

Best ORR
CR 0
PR 4 (18.2)
SD 12 (54.5)
PD 5 (22.7)

ORR (CR + PR) 4 (18.2)
CBR (CBR: CR + PR + [SD ≥24 weeks]) 14 (63.6)
CBR: Clinical benefit rate, CR: Complete response, PR: Partial response, 
ORR: Overall response rate, PD: Progressive disease, CI: Confidence 
interval, SD: Stable disease
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geographic and cultural diversity of the Asian populations 
included justifies examining data from individual participating 
countries, Further studies with a larger number of Taiwanese 
patients are warranted to validate our data.

Conclusion

The safety and tolerability profile of EVE + EXE in Taiwanese 
populations were consistent with results as reported in 
BOLERO‑2. AEs were typical for EVE and were mostly 
mild to moderate and manageable. Adequate prophylactic 
management of stomatitis may contribute to better tolerability 
of high‑dose treatment and thereby enhance efficacy. Efficacy 
in EVEREXES also compared favorably with BOLERO‑2, 
with patients meeting these inclusion criteria deriving no less 
PFS benefit from EVE + EXE than the global clinical trial 
population. The encouraging treatment outcomes in Taiwanese 
warrant further investigation in large‑scale controlled studies 
and suggest a new strategy of initiating EVE + EXE immediately 
after failure of previous NSAIs and CDK4/6 inhibitors instead 
of chemotherapy. Overall, the results from EVEREXES Taiwan 
seem to support the rationale for combining EVE 10 mg/day 
plus EXE 25 mg/day for postmenopausal Taiwanese women 
with HR+/HER2− ABC refractory to NSAIs. However, owing 
to the small sample size, these data should be interpreted 
carefully.
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