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Abstract
Background:Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors (palbociclib and abemaciclib) and mammalian target of rapamycin
(mTOR) inhibitors (everolimus) are effective agents for restoring endocrine sensitivity in patients with advanced breast cancer
progression on prior aromatase inhibitors. We conducted a network meta-analysis to compare these treatments in terms of
progression-free survival (PFS), objective response rate (ORR), and clinical benefit rate (CBR).

Methods: The PubMed and Embase databases were searched for relevant publications between January 2000 and June 2018.
Treatments were ranked based on a network meta-analysis. Ranking was determined by P-score. A random-effect model was used
when heterogeneity was detected; otherwise, a fixed-effect model was used.

Results: Six trials comprising 4063 patients formed the comparison network. Compared with everolimus plus exemestane, the
combinations of palbociclib or abemaciclib with fulvestrant showed similar efficacies in PFS and no differences in ORR. For the CBR,
palbociclib demonstrated improvement, while abemaciclib did not. Incidences of severe adverse events did not significantly differ. A
total of 29%, 15.9%, and 4% of patients discontinued everolimus, abemaciclib, and palbociclib, respectively, due to toxicity.

Conclusion:These results suggest similar efficacies between CDK4/6 inhibition and mTOR blockade; however, CDK4/6 inhibitors
were associated with favorable toxicity profiles.

Abbreviations: CBR = clinical benefit rate, CDK4/6 = cyclin-dependent kinase 4/6, CI = confidence interval, ER = estrogen
receptor, HR = hazard ratio, mTOR = mammalian target of rapamycin, ORR = objective response rate, PFS = progression-free
survival, PI3K = phosphatidylinositol 3-kinase.
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1. Introduction

Approximately 70% of patients diagnosed with breast cancer are
hormone receptor-positive and HER2-negative, which is charac-
terized by expression of the estrogen receptor (ER) and/or
progesterone receptor (PR) but without HER2 amplification.[1]

For the initial treatment, endocrine therapy was the standard of
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care for these patients without visceral crisis, due to its efficacy and
favorable toxicity profile.[2] Aromatase inhibitors (AI) have shown
superiority over tamoxifen in terms of tumor response and
progression-free survival (PFS) and were therefore considered the
first-line choice.[3]

However, nearly all patients inevitably developed AI
resistance. As a second-line treatment, fulvestrant (administered
as 500mg) and exemestane were associated with a moderate
PFS of approximately 6 months.[4] Understanding the mecha-
nisms of endocrine resistance has evolved over the past decade.
Most importantly, the phosphatidylinositol 3-kinase (PI3K)-
mammalian target of rapamycin (mTOR) pathway is likely
involved.[5] Additionally, cyclin-dependent kinase 4/6 (CDK4/
6) promotes proliferation in hormone receptor-positive
breast cancer.[6]

Relevant clinical studies have yielded promising results in
patients who have progressed on AI.[7–9] In the BOLERO-2 trial,
the mTOR inhibitor, everolimus, plus exemestane significantly
prolonged PFS in AI-resistant postmenopausal patients com-
pared with exemestane alone.[7] Two recent studies investigating
CDK4/6 inhibitors (PALOMA-3 and MONARCH-2) found
that adding palbociclib or abemaciclib to fulvestrant
significantly improved PFS in second-line settings.[8,9] However,
this combination therapy was associated with increased
adverse events.
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The mTOR and CDK4/6 inhibitors added to the armory of
second-line options in patients who developed resistance to initial
endocrine therapy, but it challenged the optimal management
regarding treatment sequence. Direct comparisons between these
novel combinations are lacking. Therefore, we conducted a
network meta-analysis to indirectly compare the efficacy and
toxicity of CDK4/6 inhibitors plus fulvestrant versus everolimus
plus exemestane.
2. Methods

2.1. Study design and trial inclusion criteria

The PubMed and Embase databases were searched using the
terms “breast cancer”, “metastatic”, “advanced”, “hormone
receptor-positive”, “endocrine therapy”, and “randomized
trial”. The search was limited to articles published between
January 2000 and June 2018. Abstracts presented at the annual
meetings of the European Society of Medical Oncology and the
American Society of Clinical Oncology between 2000 and 2017
were also screened. The study adhered to the recommendations of
the PRISMA protocol. The study used data from publications for
analysis, and ethical issues were not involved. Therefore, ethical
approval was waived.
We included trials that compared endocrine-based therapy

with different treatment strategies. Trials were required to be
prospective phase II or III randomized controlled trials that
reported the numbers of patients showing a stable disease and
hazard ratio (HR) with 95% confidence interval (CI) of PFS or
time to treatment progression or presented sufficient data to
calculate the HRs with 95% CIs. Trials without randomization
or control arms were excluded.

2.2. Data extraction and quality assessment

Datawere extracted and quality was assessed by two independent
reviewers. Disagreement between reviewers was resolved by
discussion or a third reviewer. Data extracted from the trials
included the trial name, first author, publication year, trial phase,
sample size, treatments, adverse events, response rates, clinical
benefit rates (CBRs), and PFS. We used the quantitative Jadad
scale to assess study quality.[10]

3. Statistical analysis

We analyzed PFS, response rates, CBRs, and rates of severe
adverse events. The P value, HRs and their 95%CIs were directly
extracted.
For ease of computation and programming, we used a

frequentist method to perform the analysis rather than Bayesian
modeling.[11] Notably, both approaches were considered to have
similar results and rankings in the network analysis.[12] A
random-effect model was used when heterogeneity was detected;
otherwise, a fixed-effect model was used. Treatments were
ranked based on a network meta-analysis. Ranking was
determined by P-score through a net rank function in the R
package, with higher scores indicating a higher probability of
being the best treatment. A sensitivity analysis was also planned
and performed in an alternative network.
Statistical tests with P<.05 were considered significant. The

results are depicted in all figures as forest plots, where HR<1
corresponds to a lower event rate in the treatment arm. Network
meta-analysis was performed using R software, version i386
3.3.2, with the netmeta package.
2

4. Results

After the screening, 41 studies were identified for further
evaluation (Fig. 1). Twenty-one studies that focused on first-
line endocrine therapy were excluded. Eight publications were
chosen from the remaining 20 trials.[7–9,13–29] Of these 8
publications, 6 were finally identified after excluding 2 duplicate
reports.[16,17] The quality was high in all included trials (Jadad
score ≥3).
The 6 trials (EFECT, SoFEA, CONFIRM, BOLERO-2,

PALOMA-2, and MONARCH-2) included 4063 patients.[7–
9,13–15] SoFEA was a 3-arm study,[13] but 1 arm (fulvestrant plus
anastrozole) was unnecessary in creating the network and was
therefore excluded. The other 2 arms (fulvestrant and exemes-
tane) in the SoFEA trial were applied in the sensitivity analysis.
As shown in Figure 2, a network was formed with the 5

comparisons to allow indirectly comparing the combination of
palbociclib or abemaciclib plus fulvestrant and the combination
of everolimus plus exemestane. Details of the included studies,
patient characteristics, and main study outcomes are summarized
in Tables 1 and 2.
No significant heterogeneity or inconsistencies were found for

the whole network (Q=0.01, P= .92); therefore, a fixed-effect
method was used for the meta-analysis. Network meta-analysis
results for the PFS and response rates are summarized in Figures 3
and 4, respectively. The P-scores for each treatment are presented
in Table 3.
Regarding PFS, the 2 CDK4/6-based combinations showed
similar efficacies comparedwith everolimus plus exemestane. The
corresponding P-scores were .87, .84, and .68 for palbociclib plus
fulvestrant, abemaciclib plus fulvestrant, and everolimus plus
exemestane, respectively. No differences were found in objective
response rate (ORR) among the 2 CDK4/6-based combinations
and everolimus plus exemestane. For CBR, only palbociclib plus
fulvestrant showed improvement compared with everolimus plus
exemestane. When excluding either the SoFEA or EFECT studies
to form the alternative network, the sensitivity analysis results
were generally consistent with those of the original network.
The most common grade 3 or 4 adverse events from the

treatments in each trial as well as withdrawal due to toxicity are
summarized in Table 4. Regarding severe adverse events,
compared with everolimus plus exemestane in the network,
both CDK4/6-based combinations showed a nonsignificant
increasing trend. The ORs were 1.57 (95% CI, 0.57–4.34)
and 1.59 (95% CI, 0.53–4.77) for palbociclib plus fulvestrant
and abemaciclib plus fulvestrant, respectively.
5. Discussion

Endocrine therapy is the standard of care for patients with
hormone receptor-positive and HER2-negative advanced or
metastatic breast cancer. After progressing on the first-line
treatment, maintaining blockage of the ER pathway was
preferable to starting chemotherapy.[30] Over the past 5 years,
marked progress has been made to better understand the
mechanisms of endocrine resistance, which has finally led to
improved treatment outcomes.[31] Exemestane plus everolimus,
palbociclib plus fulvestrant, and abemaciclib plus fulvestrant
have all shown remarkably improved PFS in randomized phase
III trials.[7–9] Directly comparing these regimens in a head-to-
head trial was not viable. However, indirectly comparing their
efficacy and toxicity may lead to better-informed treatment
decisions.



Figure 1. Search strategy results.

Figure 2. Network of the trials included in the analysis. The boxes denote therapies. Solid lines indicate direct comparisons, and dashed lines indicate indirect
comparisons.
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Table 1

Details of trials included in the network analysis.

EFECT CONFIRM SoFEA BOLERO-2 POLAMA-3 MONARCH-2

Year 2008 2011 2013 2012/2014 2015/2016 2017
Phase III III III III III III
Patient N 693 733 723 724 521 669
Prior

endocrine
therapy
required

Metastatic setting:
PD during therapy

Adjuvant setting:
progression during/
�6 mo after end
of ET

Metastatic setting:
ET for PD>12 mo
after adjuvant ET or
de novo disease

Adjuvant setting:
progression during/
�12 mo after end
of ET

Metastatic setting:
PD ≥6 mo on
therapy

Adjuvant setting:
PD ≥12 mo on ET

Metastatic setting:
PD during/�1 mo
after the end of
therapy

Adjuvant setting:
progression during/
�12 mo after end
of ET

Metastatic setting:
PD during/�1 mo after
the end of therapy

Adjuvant setting:
progression during/�12
mo after end of ET

Metastatic setting:
PD during therapy

Adjuvant setting:
progression during/�12
mo after end of ET

Prior AI (%) 100 43 100 100 85.8 69.5
Treatment

arm 1
FUL 250mg/mo FUL 500mg/mo FUL 250mg/mo ANA

1mg/d
EVE 10mg/d EXE
25mg/d

PAL 125/d, 3wks on,
1wk off;
FUL 500mg/mo

ABE 150mg/d
FUL 500mg/mo

Treatment
arm 2

EXE 25mg/d FUL 250mg/mo FUL 250mg/mo EXE 25mg/d FUL 500mg/mo FUL 500mg/mo

Treatment
arm 3

/ / EXE 25mg/d / / /

ABE=abemaciclib, AI=aromatase inhibitor, ANA= anastrozole, ET= endocrine therapy, EVE= everolimus, EXE= exemestane, FUL= fulvestrant, mo=month, PAL=palbociclib, PD=progression disease,
wk=week.
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A recent network analysis investigated the role of CDK4/6
inhibitors in this field,[32] but it involved patients without
previous endocrine therapy and did not compare abemaciclib
plus fulvestrant with exemestane plus everolimus. In the present
study, we employed a network analysis for indirect comparison
between CDK4/6 inhibitors plus fulvestrant and everolimus plus
exemestane. The 3-combination therapy had a similar effect on
PFS, although the combination of abemaciclib with fulvestrant in
Table 2

Patient characteristics and main study outcomes.

Median
age

HER-
(%)

Prior
CT (%)

ECOG=0
(%)

EFECT
FUL 63 NR 25 55.3
EXE 63 NR 22 52.9

CONFIRM
FUL250 61 NR NR NR
FUL500 61 NR NR NR

SoFEA
FUL+Anastrozole 63 93 NR NR
FUL 63 94 NR NR
EXE 66 93 NR NR

BOLERO-2
EXE+Everolimus 62 99.6 26 60
EXE 61 99.6 26 59

POLAMA-3
FUL+Palbociclib 57 100 30.8 59
FUL 56 100 36.2 67

MONARCH-2
FUL+Abemaciclib 59 100 0 59.1
FUL 62 100 0 62.0

CBR= clinical benefit rate, CT= chemotherapy, EXE= exemestane, FUL= fulvestrant, NR=not reported
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the MONARCH study was associated with the greatest absolute
benefit in PFS (7.1 months).[9]

These 2 strategies represent the latest advances in overcoming
endocrine resistance. Preclinical studies showed that mTOR
activation played a key role in endocrine resistance and in the
close interaction between the mTOR and ER pathways.[33] CDK
in the cell-cycle facilitated cancer cell progression from the G0
phase to the G1 phase when bound with D-type cyclins. This
Bone only
disease (%)

Visceral
disease (%)

ORR
(%)

CBR
(%)

PFS
(months)

NR 56.1 7.4 32.2 3.7
NR 57.9 6.7 31.5 3.7

NR 66 9.1 45.6 6.5
NR 62 10.2 39.6 5.5

15 57 8 34 4.4
16 62 8 32 4.8
13 58 4 27 3.4

NR 56 7 80.6 10.6
NR 56 0.4 64.8 4.1

22 59 19 67 9.5
21 60 9 40 4.6

27.6 54.9 35.2 72.2 16.4
25.6 57.4 16.1 56.1 9.3

, ORR= objective response rate, PFS=progression-free survival.



Figure 3. Pooled hazard ratios for disease progression. Treatments in the columns are compared with those in the rows.

Figure 4. Pooled ORs for response. Treatments in the columns are compared with those in the rows. The first line shows the ORs for overall response rate, and the
second line shows the ORs for clinical benefit rates. ORs=odds ratios.
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governed oncogenic growth and was strongly indicated to be
involved in endocrine resistance mechanisms.[34]

Concerns regarding toxicity are always important to
consider before starting a treatment. Palbociclib with fulves-
trant had a lower rate of discontinuation due to toxicity.[8]

Stomatitis was the most noted adverse event that led to dose
reductions or withdrawals for patients receiving everolimus
plus exemestane. A recent study showed that prophylactic use
Table 3

P-scores of treatments in the network meta-analysis.

Treatments PFS ORR CBR

Fulvestrant500+Palbociclib 0.87 0.85 0.99
Everolimus+Exemestane 0.84 0.55 0.49
Fulvestrant500+Abemaciclib 0.68 0.85 0.79
Fulvestrant500 0.39 0.25 0.47
Fulvestrant250 0.16 0.37 0.18
Exemestane 0.03 0.10 0.04

CBR= clinical benefit rate, ORR= objective response rate, PFS=progression-free survival.
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of dexamethasone oral solution markedly reduced the incidence
and severity of stomatitis,[35] which may make this regimen
more acceptable.
Our study results provided information on treatment decisions.

The best choice should always be guided by a specific biomarker.
Exploratory analysis of biomarkers was retrospectively per-
formed.[36,37] In the BOLERO-2 study, the benefit from
everolimus was independent of the status of specific genes such
as PIK3CA, FGFR1, or CCND1.[36] Similarly, the benefit from
palbociclib in the PALOMA-3 study was independent of ESR1
status, the mutation of which was identified as a possible
mechanism of AI resistance.[37] Therefore, no biomarkers have
yet been identified to optimize treatment.
Overall survival benefit was the most essential factor in

treatment selection. In the BOLERO-2 trial, everolimus pro-
longed overall survival by 4.4 months, though without statistical
significance.[16] At the time of this report, overall survival analysis
for the PALOMA-3 trial was immature. However, in the phase 2
PALOMA-1 trial, where palbociclib with letrozole was given in a
first-line setting, it did not statistically significantly improve
overall survival.[38]

http://www.md-journal.com


Table 4

Toxicity profile of treatments in each included trial.

Common grade≥3 AEs with at least 5% incidence Drug related SAE (%) Withdrawal rate (%)

EFECT
Fulvestrant250 Injection-site pain 9.8%, hot flashes 8.8%, nausea 6.8%, fatigue 6.3% 1.1 2
Exemestane Hot flashes 11.5%, fatigue 10%, nausea 7.5%, arthralgia 5.6% 0.6 2.6

CONFIRM
Fulvestrant250 — 7.2 2.2
Fulvestrant500 — 9.7 1.6
SoFEA
Fulvestrant250+Anastrozole — 14.8 2.8
Fulvestrant250 Fatigue 5% 22 3.4
Exemestane Fatigue 5% 29 3.6

BOLERO-2
Exemestane+Everolimus Stomatitis 8%, anemia 6%, 13.1 29
Exemestane — 1.7 5

POLAMA-3
Fulvestrant500+Palbociclib Neutropenia 62% 9.6

∗
4

Fulvestrant500 — 14.4
∗

2
MONARCH-2
Fulvestrant500+Abemaciclib Diarrhea 13.3%, neutropenia 26.5%, anemia 7.2% 8.8 15.9
Fulvestrant500 — 1.3 3.1

∗
AEs of any cause.
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More studies are being conducted to combat endocrine
resistance. Active PIK3CA mutations were found in approxi-
mately 30% of patients resistant to AI.[31] Buparlisib was one
of the pan-PI3K inhibitors, and its addition to fulvestrant
significantly improved PFS in patients harboring PIK3CA
mutations in their plasma DNA.[21] However, exposure to
this combination was compromised by its toxicity. Other
isoform-specific PI3K inhibitors have shown reduced toxicity
and are being investigated in large trials. Recently, the
PreECOG 0102 study showed that adding everolimus to
fulvestrant improved PFS by 5.3 months [39]. These
combinations may provide future treatment options and
challenge treatment decisions.
The present study had several limitations. First, patient

characteristics varied across the studies included in our analysis.
Percentages of patients exposed to prior AI and chemotherapy
differed among trials. Some trials involved patients who were
HER2-positive, although this number was small. Second, our
analysis was not based on individual patient data, which could
provide more accurate and convincing results for indirect
comparisons. Third, the relatively small number of the included
trials precluded further analysis for heterogeneity due to the
nature of the indirect comparison.
Based on this network analysis, the combination of palbociclib

and fulvestrant seemed to be a better treatment option than
everolimus plus exemestane considering their efficacy and
toxicity profiles.
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