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Summary

Purpose: To explore the efficacy and safety of everolimus
combined with endocrine therapy in patients with hormone
receptor (HR)-positive/human epidermal growth factor recep-
tor 2 (HER-2)-negative advanced breast cancer.

Methods: The clinical information of 108 patients with HR-
positive/HER-2-negative advanced breast cancer, who were
admitted to and treated in our hospital from June 2014 to
June 20106, was retrospectively analyzed. Of them, 54 pa-
tients were treated with everolimus combined with endocrine
drugs (Everolimus group), while the other 54 patients under-
went endocrine monotherapy (Control group). The clinical
response rate and incidence of adverse reactions were com-
pared between the two groups of patients, and the patients
were followed up to record survival. Besides, the possible
influencing factors for progression-free survival (PFS) were
analyzed.

Results: The objective response rate (ORR) was 22.2% and
14.8%, respectively, in everolimus group and the Control
group, while the clinical benefit rate (CBR) was 66.7% and
37.0%, respectively, in the two groups. There were statisti-
cally significant differences in the CBRs of the first-line and

Introduction

Breast cancer ranks first among malignancies
in females in terms of morbidity, and is a major
cause of deaths in women. As reported in the global
cancer statistics in 2012, there are approximately
1.7 million women suffering from breast cancer

second-line therapies. The majority of adverse reactions were
in grade I and 11, with lower incidence rates of grade III and
IV adverse reactions. The median PFS of the two groups of
patients was 7.3+5.6 months and 6.7+5.1 months, respec-
tively. The log-rank test revealed that there was a statistically
significant difference in the PFS between the two groups of
patients. According to the multivariate regression analysis
results, progesterone receptor (PR)*, absence of visceral me-
tastases, and sensitivity to endocrine therapy were the protec-
tive prognostic factors for PFS.

Conclusion: Everolimus combined with endocrine therapy
has significant clinical efficacy in patients with HR-positive/
HER-2-negative advanced breast cancer, and can effectively
improve the survival of patients with tolerable adverse reac-
tions. PR, absence of visceral metastases and sensitivity to
endocrine therapy are the protective prognostic factors for
PFS.

Key words: everolimus, endocrine therapy, breast cancer,
advanced stage, hormone receptor, human epidermal growth
factor receptor-2

worldwide each year [1]. The cases of hormone
receptor (HR)-positive breast cancer represent
about 75% of the total. It has been recommended
jointly in several consensus guidelines that endo-
crine therapy is preferred for HR-positive advanced
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breast cancer patients with only bone/soft tissue
metastases or asymptomatic visceral metastasis
[2,3]. However, nearly 30% of patients with HR-pos-
itive breast cancer develop primary resistance to
endocrine therapy, whereas about 40% of patients
previously sensitive to endocrine therapy experi-
ence secondary resistance [4].

Recent studies have found that the resistance
to endocrine therapy is associated with the activa-
tion of several growth factor signaling pathways,
especially the estrogen receptor (ER) signaling
pathway and the phosphatidylinositol 3-kinase/
protein kinase B/mammalian target of rapamycin
(PI3K/Akt/mTOR) signaling pathway [5-7]. Current-
ly, the large-scale clinical research into the inhibi-
tors of the PI3K/Akt/mTOR pathway-associated tar-
gets has been extensively performed in HR-positive
advanced breast cancer. Everolimus, the mTOR in-
hibitor, has already been approved by the U.S. FDA
in 2012 to be applied in postmenopausal patients
with HR-positive/ human epidermal growth factor
receptor 2 (HER-2)-negative advanced breast can-
cer, providing a novel idea for the options of clini-
cal regimens after the patients with HR-positive
advanced breast cancer are resistant to endocrine
therapy [8,9]. The present study retrospectively
analyzed the clinical information of 108 HR-pos-
itive and HER-2-negative patients with advanced
breast cancer who were admitted to and treated
in our hospital from June 2014 to June 2016, to
explore the efficacy and safety of everolimus com-
bined with endocrine therapy in treating patients
with HR-positive /HER-2-negative advanced breast
cancer, with the hope of providing a basis for the
formulation of clinical strategies to treat such
patients.

Methods

General information

The clinical information of 108 HR-positive/HER-
2-negative advanced breast cancer patients admitted to
and treated in our hospital from June 2014 to June 2016
was collected based on the following criteria.

Inclusion criteria: patients aged =18 years old, those
pathologically diagnosed with locally recurrent or dis-
tantly metastatic advanced breast cancer, HR-positive/
HER-2-negative patients as indicated by immunohis-
tochemical tests, those treated using multi-line rescue
therapies, those with measurable or assessable lesions,
and those scoring 0-2 points based on the Eastern Coop-
erative Oncology Group scale.

Exclusion criteria: patients with severe dysfunction
of the liver, kidney or other solid organs, those compli-
cated with endocrine system-associated diseases such
as hyperthyroidism and diabetes, those who were newly
diagnosed with unresectable locally advanced or meta-

static breast cancer and planned to undergo first-line res-
cue therapy, those previously treated with everolimus,
or those with predicted survival time <3 months.

All the patients were treated based on different regi-
mens: everolimus combined with endocrine medications
(Everolimus group, n=54) and endocrine monotherapy
(Control group, n=54). There were no differences in the
general clinical baseline data between the two groups of
patients (p>0.05), which were comparable in the baseline
(Table 1). All the enrolled patients followed the Declara-
tion of Helsinki, and they were informed of this study
and signed the informed consent form. This study was
approved by the Ethics Committee of Jiyang People’s
Hospital.

Treatment methods

Everolimus group (n=54): Everolimus was admin-
istered daily once at an initial dose of 10 mg and at
the adjusted dose of 5 mg based on adverse reactions.
There were 21 cases taking the combined exemestane
(25 mg qg.d.), 5 cases taking the combined letrozole ( 2.5
mg q.d.) and anastrozole (1 mg q.d.), and 3 cases taking
the combined tamoxifen (10 mg q.d.) and toremifene (60
mg q.d.). Besides, the patients gargled using dilute brine
to prevent oral ulcers, and those with bone metastasis
were given bisphosphonates monthly to protect bones.

Control group (n=54): The patients were adminis-
tered equal doses of the above endocrine drugs.

Observation indicators

Prior to treatments, all the patients had baseline
imaging examinations and underwent imaging assess-
ment once every 2-3 months based on the Response
Evaluation Criteria in Solid Tumors (RECIST), version
1.1: complete response (CR): Disappearance of all target
lesions for at least 4 weeks; partial response (PR): At
least 30% decrease in the sum of the longest diameter of
target lesions for at least 4 weeks, with the sum of long-
est diameter as the reference; progressive disease (PD):
At least 20% increase in the sum of the longest diameter
of target lesions, or the appearance of one or more new
lesions; stable disease (SD): Neither sufficient decrease
in the sum of the longest diameter of lesions to PR nor
sufficient increase to PD. Objective response rate (ORR)
=CR+PR, and clinical benefit rate (CBR) =CR+PR+SD.

Adverse reactions were evaluated according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events 4.0.

Follow-up was conducted at 1, 3, 6 and 12 months
after treatment and subsequently every 3-6 months until
June 2019, during which the survival of patients was
recorded. Progression-free survival (PFS) is defined as
the duration of time from the beginning of treatment
to the onset of PD or death of any cause, while overall
survival (OS) as the duration of time from the date of
chemotherapy to the day of death or the last follow-up
date. Univariate analyses were conducted on the pos-
sible factors affecting patient prognosis, and the indica-
tors showing statistically significant differences were
included into the Cox proportional hazards model for
multivariate analyses.
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Statistics

SPSS 22.0 software (IBM, Armonk, NY, USA) was
used for statistical analyses. Measurement data were
expressed as mean+standard deviation and intergroup
comparisons were made using pairwise t-test. Enumera-
tion data were presented as ratios (%), and x? test was

performed for intergroup comparisons. The survival
curves were plotted using Kaplan-Meier method. Log-
rank test was performed to verify whether the difference
in the survival rate between the two groups was sta-
tistically significant, and p<0.05 suggested statistically
significant difference.

Table 1. Baseline demographic and clinical characteristics of the studied patients

Characteristics Everolimus group (n=54) Control group (n=54) p value
n (%) n (%)
Age, years 51.34+9.82 53.03+9.81 0.373
Pathological type 0.728
Invasive ductal carcinoma 41 (75.9) 44 (81.5)
Invasive lobular carcinoma 7 (13.0) 5(9.3)
Invasive poorly differentiated adenocarcinoma 2(3.7) 3 (5.6)
Medullary carcinoma 4(7.4) 2(3.7)
Menstrual status 0.448
Premenopausal 11 (204) 8 (14.8)
Postmenopausal 43 (79.6) 46 (85.2)
ER 0483
+ 24 (44.4) 18 (33.3)
++ 10 (18.5) 13 (24.1)
o+ 20 (37.1) 23 (42.6)
PR 0.355
+ 40 (74.1) 44 (81.5)
- 14 (25.9) 10 (18.5)
Molecular subtyping 0.870
Luminal A 17 (31.5) 14 (25.9)
Luminal B Her-2 (-) 26 (48.1) 29 (53.7)
Luminal B Her-2 (+) 8 (14.8) 9 (16.7)
Not clear 3 (5.6) 2(3.7)
Number of metastatic lesions 0.564
<3 25 (46.3) 28 (51.9)
23 29 (53.7) 26 (48.1)
Visceral metastasis 0.562
Yes 32 28
No 22 26
Previous treatment 0.266
First-line 20 (37.0) 17 (31.5)
Second-line 18 (33.3) 13 (24.1)
Third-line or more 16 (29.6) 24 (44.4)
Previous sensitivity to endocrine therapy 0.557
Sensitive 34 30
Insensitive 20 24
Endocrine therapy drugs 0.825
Exemestane 38 (70.4) 35 (64.8)
Letrozole/ Anastrozole 6(11.1) 8 (14.8)
Letrozole/ Goserelin 6(11.1) 5(9.3)
Tamoxifen/ Toremifene 4(7.4) 6(11.1)

ER: estrogen receptor; PR: progesterone receptor
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Results

Comparison of clinical short-term efficacy between the
two groups of patients

Upon completion of treatment, the efficacy was
evaluated in all the patients. The mean of chemo-
therapy cycles was 5.7 in the Everolimus group and
3.4 in the Control group. The Everolimus group had
no case of CR, 12 cases of PR (22.2%), 24 cases of
SD (44.4%) and 18 cases of PD (33.3%), with ORR
22.2% (12) and CBR 66.7% (36). In the control group,
there were no cases of CR, 8 cases of PR (14.8%), 12
cases of SD (22.2%), and 34 cases of PD (63.0%), and
the ORR and CBR were 14.8% (8) and 37.0% (20),
respectively. The difference in the ORR between
the two groups was not statistically significant, but
there was a statistically difference in the CBR be-
tween the two groups (p=0.322, p=0.019). Moreo-
ver, the ORR of the first-line therapy was 30.0% and

Table 2. Clinical effective rates of the two studied groups

23.5%, respectively, in the two groups, showing no
statistically significant difference (p=0.725), while
the CBR was 85.0% and 64.7%, respectively, in the
two groups, with statistically significant difference
(p=0.025). The ORR of the second-line therapy was
22.2% and 15.4%, respectively, in the two groups,
with no statistically significant difference (p=0.812),
whereas the CBR was 50.0% and 30.8%, respectively,
in the two groups, showing a statistically significant
difference (p=0.036). The ORR of the third-line and
later-line therapies was 18.8% and 8.3%, and the
CBR was 25.0%, and 20.8%, respectively, in the two
groups, with no statistically significant differences
(p=0.179, p=0.530) (Table 2).

Comparison of incidence of adverse reactions between
the two groups of patients

In the Everolimus group, except 2 cases of drug
discontinuation for economic reasons, the prima-

Clinical effective rates Everolimus group (n=54) Control group (n=54) p value
n (%) n (%)

Overall

CR 0(0) 0 (0)

PR 12 (22.2) 8(14.8)

SD 18 (33.3) 12 (22.2)

PD 24 (44.4) 34 (63.0)

ORR 12 (22.2) 8 (14.8) 0.322

CBR 30 (55.5) 20 (37.0) 0.019
First-line

CR 0 (0) 0 (0)

PR 6 (30.0) 4 (23.5)

SD 11 (55.0) 7 (41.2)

PD 3 (15.0) 6 (35.3)

ORR 6 (30.0) 4 (23.5) 0.725

CBR 17 (85.0) 11 (64.7) 0.025
Second-line

CR 0 (0) 0 (0)

PR 4(222) 2(15.4)

SD 5(27.8) 2 (154)

PD 9 (50.0) 9(69.2)

ORR 4(22.2) 2 (154) 0.812

CBR 9 (50.0) 4 (30.8) 0.036
Third-line or more

CR 0 (0) 0 (0)

PR 2 (18.8) 2 (8.3)

SD 2(18.8) 3 (12.5)

PD 12 (75.0) 19 (79.2)

ORR 2 (18.8) 2 (8.3) 0.179

CBR 4 (25.0) 5(20.8) 0.530

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; ORR: objective response rate; CBR: clinical benefit rate
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Table 3. Comparison of adverse reactions of patients in the two studied groups

Adbverse effects Everolimus group (n=54) Control group (n=54) p value

n (%) n (%)
Fever 7 (13.0) 4 (7.4) 0.340
Fatigue 18 (33.3) 14 (25.9) 0.399
Skin rash 9 (16.7) 6 (11.1) 0.404
Bone marrow suppression 15 (27.8) 13 (24.1) 0.661
Nausea, vomiting 6(11.1) 5(9.3) 0.750
Diarrhea 4 (74) 6(11.1) 0.507
Liver dysfunction 12 (22.2) 8 (14.8) 0.322
Renal dysfunction 3 (5.6) 1(1.9) 0.308
Oral mucositis 50 (92.6) 9 (16.7) 0.001
Interstitial pneumonia 14 (25.9) 2(3.7) 0.001
Hyperglycemia 5(9.3) 6 (11.1) 0.750
Perianal abscess 1(1.9) 0 (0) 0.351
ry adverse reactions in the remaining 52 patients a5
were as follows: oral mucositis (92.6%), fatigue T, et
(33.3%), interstitial pneumonia (25.9%), myelosup- & | j SHIfRlgrlpSuenes
pression (27.8%), rash (16.7%), gastrointestinal re- < 0
action (18.5%), renal function impairment (22.2%), g 06 i
hyperglycemia (9.3%) and perianal abscess (1.9%). @2 '
Grade I and II adverse reactions prevailed, while % .. M
the incidence rates of grade III and IV were lower. g T
The dosage of everolimus was adjusted to 5 mg/d 8 o2 i
for adverse reactions in 24 cases. Of them, 7 pa- < ~j
tients discontinued everolimus due to interstitial 0.0
lung disease, and after the symptoms were miti- 000 1000 2000 3000 4000

Months

gated using corticosteroids, they continued to be
treated with everolimus at the reduced dose of 5
mg daily and showed tolerance. Besides, one pa-
tient underwent incision and drainage due to peri-
anal abscess twice, and tolerated the everolimus
reduced to 5 mg after symptom relief, one patient
with severe interstitial pneumonia received active
symptomatic treatment and discontinued everoli-
mus because of intolerance to the everolimus at
the reduced dose, after symptom improvement, and
one patient discontinued the drug due to acute re-
nal function impairment. There were no drug ad-
verse reactions related deaths. The incidence rate
of adverse reactions had no statistically significant
difference between the two groups (p>0.05) (Table
3).

Follow-up results of patient survival

Up to June 2019, the mean follow-up time of
the two groups of patients was 21.1+5.3 months
and 20.4+5.0 months, respectively. In the follow-up,
the Everolimus group and the Control group had 5
and 2 cases of stable disease, respectively, and the
mean PFS (mPFS) of the two groups of patients was
7.3+5.6 months and 6.7+5.1 months, respectively.
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Figure 1. Kaplan-Meier survival curves of patients in the
Everolimus group and the Control group. The progression-
free survival rate of patients in the Everolimus group was
significantly higher than that of patients in the Control
group (p=0.015).

The survival curves of the two groups of patients
were plotted using the Kaplan-Meier method, and
the log-rank test results revealed that there was a sta-
tistically significant difference in the PFS between
the two groups of patients (p=0.015) (Figure 1).

Analysis results of influencing factors for patient
prognosis

The survival data were subjected to stratifi-
cation analysis based on the possible factors for
prognosis, and age, pathological type, menstrual
status, ER, progesterone receptor (PR), molecular
type of tumors, number of metastases, presence
or absence of visceral metastases, previous sensi-
tivity to endocrine therapies and type of the pre-
sent endocrine drugs were included in univariate
analysis. The results revealed that the presence
or absence of visceral metastases and previously
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being sensitive to endocrine affected the mPFS of
patients. The mPFS of patients with no visceral
metastases was obviously longer than that of pa-
tients with visceral metastases (11.1+4.2 months
vs. 5.9+3.4 months) with statistically significant
difference (p<0.001). The patients previously sen-

sitive to endocrine therapy had distinctly longer
mPFS than those previously insensitive to endo-
crine therapy (8.6+3.8 months vs. 4.8+3.2 months),
showing a statistically significant difference (Table
4). According to the Cox multivariate analysis, the
PFS was correlated with the presence or absence

Table 4. Univariate analysis of predictors for mPFS (months) in patients with advanced HR-positive HER-2 negative

breast cancer

Parameters Cases PFS (months) p value
Age (years) 0.116
<50 56 0.8+3.9
>50 62 8.0+4.3
Pathological type 0.652
Invasive ductal carcinoma 85 0.9+£3.6
Invasive lobular carcinoma 12 9.8£3.4
Invasive poorly differentiated adenocarcinoma 5 6.7+£3.1
Medullary carcinoma 6 6.5£3.0
Menstrual status 0.336
Premenopausal 19 7.3+4.2
Postmenopausal 89 6.6+£3.6
ER 0429
+ 42 5.8+3.8
++ 23 7.1+4.9
+++ 43 7.3+4.4
PR 0.371
+ 84 74+4.1
- 24 5.7+3.3
Molecular subtyping 0.277
Luminal A 31 5.9+3.1
Luminal B Her-2 (-) 55 7.2+4.6
Luminal B Her-2 (+) 17 5.3+4.9
Not clear 5 7.8+4.0
Number of metastatic lesions 0.755
<3 53 6.9+3.2
>3 55 7.3+4.6
Visceral metastasis 0.001
Yes 60 5.9+34
No 48 11.1+4.2
Previous treatment 0.149
First-line 37 11.7+4.9
Second-line 31 7.0£3.9
Third-line or more 40 5.9+3.6
Previous sensitivity to endocrine therapy 0.001
Sensitive 64 8.6+£3.8
Insensitive 44 4.8+3.2
Endocrine therapy drugs 0.236
Exemestane 73 6.7+3.3
Letrozole/ Anastrozole 14 9.0+4.1
Letrozole/ Goserelin 11 5.1+3.6
Tamoxifen/ Toremifene 10 84+4.1

HR: hormone receptor; HER-2: human epidermal growth factor receptor-2; ER: estrogen receptor; PR: progesterone receptor; PFS: progression

free survival
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Table 5. Multivariable Cox regression analysis of predictors for advanced HR-positive HER-2 negative breast cancer

patients
Parameters Hazard ratio 95% CI p value
PR 0219 0.034-0.455 0.009
Visceral metastasis 0.067 0.021-0.250 0.001
Previous sensitivity to endocrine therapy 0.327 0.055-0.763 0.019

HR: hormone receptor; HER-2: human epidermal growth factor receptor-2; PR: progesterone receptor; CI: confidence interval

of visceral metastases, PR status and sensitivity to
endocrine therapy. Among them, PR* [hazard ratio
(HR)=0.219, p=0.009)], absence of visceral metas-
tases (HR=0.067, p<0.001), and sensitivity to endo-
crine therapy (HR=0.327, p=0.019) were the protec-
tive prognostic factors for PFS (Table 5).

Discussion

As the treatment of advanced breast cancer
is intended to improve symptoms, delay disease
progression, prolong survival and raise quality of
life, both the efficacy and the influence of treatment
on the quality of life of patients are needed to be
considered in terms of the selection of treatment
regimens. Endocrine therapy is an optimal option
for HR-positive slowly progressing breast cancer
patients with only bone/soft tissue metastases or
no visceral metastases, but its efficacy is influenced
by endocrine resistance. Current studies have con-
firmed that the activation of the PI3K/Akt/mTOR
pathway mediates the resistance of breast cancer
to endocrine therapy, and that inhibiting this path-
way-associated targets and resisting the relevant
mutant genes in a targeted manner can restore or
enhance the sensitivity to endocrine therapy, which
is now the novel solution to the endocrine resist-
ance. According to the results of several studies,
everolimus, as a selective oral inhibitor of mTOR,
achieves good efficacy in HR-positive breast can-
cer through combining with endocrine therapy and
compared with endocrine drugs alone. Everolimus
combined with endocrine therapy can prolong the
mPFS of patients by 2.0-6.0 months, with tolerable
adverse reactions [10-13].

In this study, the ORR and CBR were 22.2%
and 66.7%, respectively, in the Everolimus group
(n=54), and 14.8% and 37.0%, respectively, in the
Control group (n=54). The difference in the ORR
between the two groups was not statistically sig-
nificant, but there was a statistically significant
difference in the CBR between the two groups
(p=0.322, p=0019). Besides, the differences in the
ORRs of the first-line, second-line and third-line
therapies between the two groups were not statis-
tically significant (p>0.05), while there were sta-
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tistically significant differences in the CBRs of the
first-line and second-line therapies (p<0.05), but not
in the CBRs of the third-line and later-line thera-
pies (p>0.05). The results of studies in China and
beyond have demonstrated that the ORR and CBR
of everolimus combined with endocrine therapy
are 6.3-26.7% and 22.9-61%, respectively, in the
advanced HR-positive breast cancer patients. The
CBR in this study was close to the data reported in
Chinese and foreign literature, but the CBR of the
first-line therapy (85.0%) was higher than that in
the Chinese and foreign literature reports, which
may be due to the smaller number of patients re-
ceiving first-line therapy [10-13].

Everolimus mainly produces adverse reactions
such as stomatitis, rash, fatigue, diarrhea, inter-
stitial pneumonia, infection and metabolic abnor-
malities. Among them, the most common ones are
stomatitis, infection and malnutrition events [14],
whereas severe adverse reactions include intersti-
tial pneumonia, stomatitis, infection and renal fail-
ure. Most of them belong to grade II/III changes
and can be mitigated through active symptomatic
treatment. The perianal abscess observed in the
present study has not been reported in previous
Chinese and foreign studies, with its cause remain-
ing unclear. In the present study, the incidence rate
of adverse reactions observed was higher. In par-
ticular, the incidence rates of oral mucositis and
interstitial pneumonia were higher than those in
a study in China and beyond, which may be asso-
ciated with the poor immunity and general condi-
tions of patients at enrollment [15].

Based on the relevant literature reports in
China and foreign countries, the mPFS was 4.0-
8.6 months in the advanced breast cancer patients
who were treated with everolimus combining en-
docrine drugs [12,13,16-18]. The results of this
study showed that the mPFS of the two groups of
patients was 7.3+5.6 and 6.7+5.1 months, respec-
tively, which are close to the figures in the study
reports in China and beyond.

The results of the BOLERO-2 trial suggested
that compared with placebo combined with endo-
crine therapy, everolimus combined with endo-
crine therapy can significantly prolong the mPFS
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of patients with visceral metastases (6.8 vs. 2.8
months, p<0.05) and those with no visceral me-
tastases (9.9 vs. 4.2 months, p<0.05), and greatly
extends the mPFS of patients by up to 4 months
regardless of the presence or absence of visceral
metastases [19]. In the present study, the mPFS of
patients with no visceral metastases was longer
than that of patients with visceral metastases by 4
months (11.1+4.2 months vs. 5.9+3.4 months), con-
sistent with the results in the relevant literature
reports. The above results indicate that the addi-
tion of everolimus can also enhance the sensitiv-
ity of visceral metastasis patients with no obvious
symptoms to endocrine therapy, and that everoli-
mus combined with endocrine therapy is probably
a potential novel alternative to chemotherapy, but
it remains to be further explored through clinical
studies.

A study reported that the everolimus combined
with endocrine therapy enables the mPFS to reach
3.0-5.4 months and 3.0-14.8 months, respectively,
in patients with primary and secondary resistance
[13]. According to the results of this study, the
mPFS was 8.6+3.8 months in patients previously
sensitive to endocrine therapy and 4.8+3.2 months
in those previously insensitive to endocrine thera-

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015.
CA Cancer J Clin 2015;65:5-29.

2. Partridge AH, Rumble RB, Carey LA et al. Chemo-
therapy and targeted therapy for women with human
epidermal growth factor receptor 2-negative (or un-
known) advanced breast cancer: American Society of
Clinical Oncology Clinical Practice Guideline. J Clin
Oncol 2014;32:3307-29.

3. Altundag K. Retesting HER2 status in axillary node
metastases is important potential as a guide to sub-
sequent therapy after pathologic complete eradication
of cytologically proven hormone receptor positive and
HER2-negative primary breast cancer following neoad-
juvant treatment. ] BUON 2018;23:1930.

4. Rugo HS. Inhibiting angiogenesis in breast cancer: the
beginning of the end or the end of the beginning? J Clin
Oncol 2012;30:898-901.

5. Hiscox S, Barnfather P, Hayes E et al. Inhibition of focal
adhesion kinase suppresses the adverse phenotype of
endocrine-resistant breast cancer cells and improves
endocrine response in endocrine-sensitive cells. Breast
Cancer Res Treat 2011;125:659-69.

6. Schiff R, Massarweh SA, Shou J, Bharwani L, Mohsin
SK, Osborne CK. Cross-talk between estrogen recep-
tor and growth factor pathways as a molecular target
for overcoming endocrine resistance. Clin Cancer Res
2004;10:331S-36.

py, and everolimus combined with endocrine thera-
py was more beneficial for the patients previously
sensitive to endocrine therapy, agreeing with the
results in related literature reports.

The present study has some shortcomings, in-
cluding limited sample number, relatively short
follow-up time and less comprehensive follow-up
contents, so the conclusion of this study needs the
data support from the forthcoming prospective
clinical studies featuring strict design, high reli-
ability and large sample size.

Conclusions

Everolimus combined with endocrine therapy
has significant clinical efficacy in patients with
HR-positive/HER-2-negative advanced breast can-
cer, and can effectively improve the survival of
patients, with tolerable tolerate adverse reactions.
PR*, absence of visceral metastases and sensitivity
to endocrine therapy are the protective prognostic
factors for PFS.

Conflict of interests

The authors declare no conflict of interests.

7. Yamnik RL, Digilova A, Davis DC, Brodt ZN, Murphy
CJ, Holz MK. S6 kinase 1 regulates estrogen receptor
alpha in control of breast cancer cell proliferation. J
Biol Chem 2009;284:6361-9.

8. O’Shaughnessy J, Thaddeus BJ, Royce M. Everolimus-
based combination therapies for HR+, HER2- meta-
static breast cancer. Cancer Treat Rev 2018;69:204-14.

9. Rugo HS, Seneviratne L, Beck JT et al. Prevention of
everolimus-related stomatitis in women with hormone
receptor-positive, HER2-negative metastatic breast
cancer using dexamethasone mouthwash (SWISH): a
single-arm, phase 2 trial. Lancet Oncol 2017;18:654-
62.

10. Baselga J, Campone M, Piccart M et al. Everolimus in
postmenopausal hormone-receptor-positive advanced
breast cancer. N Engl ] Med 2012;366:520-9.

11. Bachelot T, Bourgier C, Cropet C et al. Randomized
phase II trial of everolimus in combination with tamox-
ifen in patients with hormone receptor-positive, human
epidermal growth factor receptor 2-negative metastatic
breast cancer with prior exposure to aromatase inhibi-
tors: a GINECO study. J Clin Oncol 2012;30:2718-24.

12. Baselga ], Semiglazov V, van Dam P et al. Phase I rand-
omized study of neoadjuvant everolimus plus letrozole
compared with placebo plus letrozole in patients with
estrogen receptor-positive breast cancer. J Clin Oncol
2009;27:2630-7.

JBUON 2020; 25(5): 2235



2236

Everolimus plus endocrine therapy in HR-positive/HER-2-negative breast cancer

13.

14.

15.

16.

Bachelot T, McCool R, Duffy S et al. Comparative effi-
cacy of everolimus plus exemestane versus fulvestrant
for hormone-receptor-positive advanced breast cancer
following progression/recurrence after endocrine ther-
apy: a network meta-analysis. Breast Cancer Res Treat
2014;143:125-33.

Ariaans G, Jalving M, Vries EG, Jong S. Anti-tumor
effects of everolimus and metformin are complemen-
tary and glucose-dependent in breast cancer cells. BMC
Cancer 2017;17:232.

Turner NC, Huang BC, Cristofanilli M. Palbociclib in
Hormone-Receptor-Positive Advanced Breast Cancer.
N Engl ] Med 2015;373:1672-73.

O’Shaughnessy JA. Highlights in metastatic breast can-
cer from the 2013 San Antonio Breast Cancer Sympo-

JBUON 2020; 25(5): 2236

17.

18.

19.

sium (SABCS). Clin Adv Hematol Oncol 2014;12:3-17.

Andre F, O'Regan R, Ozguroglu M et al. Everolimus
for women with trastuzumab-resistant, HER2-positive,
advanced breast cancer (BOLERO-3): a randomised,
double-blind, placebo-controlled phase 3 trial. Lancet
Oncol 2014;15:580-91.

Beck JT, Hortobagyi GN, Campone M et al. Everolimus
plus exemestane as first-line therapy in HR(+), HER2(-)
advanced breast cancer in BOLERO-2. Breast Cancer
Res Treat 2014;143:459-67.

Campone M, Bachelot T, Gnant M et al. Effect of vis-
ceral metastases on the efficacy and safety of everoli-
mus in postmenopausal women with advanced breast
cancer: subgroup analysis from the BOLERO-2 study.
Eur ] Cancer 2013;49:2621-32.



