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Abstract

Background Fulvestrant is approved for the hormone receptor-positive advanced metastatic breast cancer (MBC) patients
during or after prior endocrine treatment. The adding of a targeted agent to fulvestrant has improved the outlook for these
patients from recent studies. However, these results were still under investigation, the analysis was undertaken to assess the
clinical outcomes of the fulvestrant-based combination therapy compared with fulvestrant monotherapy.

Methods I systematically searched electronic databases to identify eligible literatures till January 2019. Randomized-con-
trolled trials (RCTs) assessing the efficacy of a targeted agent to fulvestrant with fulvestrant mono-therapy in MBC patients
who are refractory to or intolerant of prior endocrine therapy were included.

Results Six RCTs were included in this analysis. The group of a targeted agent to fulvestrant was significantly improved over-
all survival (OR=0.86, 95%CI=0.76-0.97, P=0.02), progression-free survival (OR =0.66, 95%CI=0.54-0.81, P <0.0001),
as well with the objective response rate (OR=2.30, 95%CI=1.67-3.18, P <0.00001), respectively. However, there are more
adverse effects with the combination group (OR=6.71, 95%CI=5.58-8.06, P <0.00001).

Conclusions Pooled results indicate that adding a targeted agent to fulvestrant prolonged OS, PFS and ORR in relapse or
metastatic hormone receptor-positive breast cancer after prior endocrine therapy. Combination of fulvestrant with a targeted
agent was associated with more frequent grade 3/4 toxicities. Further research is needed to develop a database of reliable

biomarkers and their individual impact on the fulvestrant-based combination treatments.
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Introduction

Breast cancer is the leading cause of cancer-associated
death in women and its incidence increases in postmeno-
pausal individuals [1]. Despite many therapies have under
progression, a large number of the breast cancer cases still
developed into drug resistance with poor survival [2].
More than 70% of cases with metastatic breast cancer
(mBC) present with hormone receptor-positive (HR+)
disease and endocrine therapy (ET) are often the candi-
date regimen for these patients [3, 4]. However, even being
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highly initial response rates to endocrine therapy, virtually
all the patients will develop drug resistance and lead to dis-
ease progression [5]. And the treatments for patients who
failed endocrine therapy are still challenging without satis-
fied results.

Fulvestrant is a highly selective estrogen-receptor down-
regulator,which is able to affect the estrogen receptor deg-
radation [6]. Previous studies have demonstrated that it
achieves benefit than tamoxifen and Als [7, 8]. These evi-
dences approved it for use in combination with other targeted
pathways. Therefore, fulvestrant could be a second-line
treatment for patients with disease progression following
endocrine therapy [9].

The underlying biological mechanisms of endocrine
resistance for metastatic breast cancer (MBC) remains under
investigate, and numerous targeted agents in combination
with fulvestrant are in clinical development, providing thera-
peutic options for these patients [10, 11]. Several trials have
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reported that fulvestrant as a combination therapy with tar-
geted agents yielded a higher prolonged progression-free
survival (PFS) and manageable toxicities than fulvestrant
alone for endocrine resistance MBC [10-12]. However,
some other studies failed to report a better efficacy of the
fulvestrant-based combination strategies [13, 14]. Given
these controversial and conflicting results, selecting the opti-
mal therapeutic option for hormone receptor-positive meta-
static breast cancer (MBC) patients who have progressed
after endocrine therapy becomes complex and somewhat a
challenge.

The aim of our meta-analysis is to compare the efficacy
and toxicity of the fulvestrant-based combination therapy
with fulvestrant monotherapy.

Methods and materials
Search strategy

I searched the electronic databases including PubMed,
Embase and Cochrane library databases up to January 2019
with the keywords: “fulvestrant” AND “targeted agent”
AND “endocrine resistance”, AND “breast cancer”’, and no
limitation was used during the literature search. Literature
was also hand-searched using reference lists and materials.

Eligibility criteria

Studies were included in the meta-analysis if they met the
following criteria: (1) the studies are designed as phase
III random control trials (RCTs); (2) articles that enrolled
patients harboring endocrine therapy -refractory hormone
receptor-positive metastatic breast cancer (MBC) patients;
(3) the studies were designed to compare fulvestrant mono-
therapy with a fulvestrant-based combination therapy with
targeted agents; (4) studies with data of on clinical interested
results, and HRs with 95% confidence interval (95%CI) were
provided; Studies with most complete data on the outcomes
were included.

Quality assessment

The quality of the retrieved studies was rated by choos-
ing the risk of bias items (ROBI) for RCTs recommended
by The Cochrane Handbook for Systematic Reviews of
Interventions.

Data extraction

I extracted the following information from each study, and

disagreement was resolved by consensus. From each of the
eligible studies, the main categories based on the following:
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name of the first author, year of publication, trial name,
treatment regimen, dose of fulvestrant, pathways inhibited,
endpoint of interests. I extracted the corresponding variables
adjusted and risk estimates of mortality with 95%Cls.

Data synthesis and analysis

A sensitivity analysis was based on the heterogeneity
between-study, which was examined using /? statistic [15].
Studies with an I*> 50% was considered to indicate moder-
ate and high heterogeneity, I* < 50% was considered to have
low heterogeneity, respectively [16]. Only when there was
low heterogeneity among studies, the fixed-effects model
was used. Meanwhile, if the source of heterogeneity was not
insignificant (/> 50%) uncertain, I used the random-effect
model for further analysis. A P value less than 0.05 was
identified as statistically significant. All analysis was con-
ducted through the use of Review Manager version 5.3 soft-
ware (Revman; The Cochrane collaboration Oxford, United
Kingdom). Findings of our meta-analysis were shown in
forest plots.

Results

Overview of literature search and study
characteristics

A total of 346 articles were retrieved. Based on the eligi-
bility criteria, 13 publications were evaluated by the inten-
sive reading of the full texts, but some did not report data
on detail of interesting results of two approaches. At last,
a final total of 6 RCTs including 8 studies [10-14, 17-21]
were included. The search process is described in Fig. 1.
The characteristics of the included studies are depicted in
Table 1.

Clinical and methodological heterogeneity

Pooled analysis of PFS comparing fulvestrant-based
combination therapy with fulvestrant monotherapy

Six RCTs reported the PFS data, and the result showed that
fulvestrant-based combination therapy did achieve PFS ben-
efit (OR=0.66, 95% CI=0.54-0.81, P <0.0001) compared
with the fulvestrant monotherapy group (Fig. 2).

Pooled analysis of OS comparing fulvestrant-based
combination therapy with fulvestrant monotherapy

There was low between-study heterogeneity in OS of stud-
ies; therefore, we used the fixed-effects model for merging.
The pooled data showed that the combination group did
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Fig.1 PRISMA flow chart of selection process to identify studies eli-
gible for pooling

improve OS (OR=0.86, 95% CI1=0.76-0.97, P=0.02) than
monotherapy group (Fig. 3).

Pooled analysis of ORR comparing fulvestrant-based
combination therapy with fulvestrant monotherapy

The pooling ORR data were available for 6 studies. Results
showed that there was a benefit with fulvestrant-based

Table 1 Basic characteristics of included studies

combination therapy (OR =2.30, 95% CI=1.67-3.18,
P <0.00001) (Fig. 4).

Pooled analysis of SAEs comparing fulvestrant-based
combination therapy with fulvestrant monotherapy

SAEs data were available for five studies. Results showed
that there were much worse grade 3-5 adverse events in
the fulvestrant-based combination therapy than that in
the monotherapy group (OR=6.71, 95% CI=5.58-8.06,
P <0.00001) (Fig. 5).

Discussion

Fulvestrant was introduced to treat the postmenopausal
advanced breast cancer patients after recurrence or progres-
sion after endocrine therapy [21, 22]. Recently, a number of
targeted therapies for hormone-receptor-positive advanced
breast cancer have derived benefit from the PI3K/mTOR
pathway inhibitor everolimus and the cyclin-dependent
kinase 4/6 (CDK4/6) inhibitors palbociclib and ribociclib,
while a benefit with abemaciclib treatment [12, 23]. Previ-
ous studies evaluating fulvestrant in combination with these
targeted agents have been conducted [10, 11]. However, the
genetic backgrounds, comorbidities and demographics are
different from each patient, studies performed made the vari-
ous survival findings with uncertain adverse effect. Thus, in
the current meta analysis, we aim to offer conclusive clinical
evidence on the controversial results.

Our findings confirm the better efficacy but worse tol-
erability when compare fulvestrant in combination with a
targeted agent than fulvestrant alone.

To improve the efficacy of patients with disease progres-
sion after previous exposure to ET, it is necessary to under-
stand and overcome mechanisms of resistance to endocrine
therapy. Preclinical data have indicated the basic role of sig-
nalling-pathway crosstalk with different oestrogen receptors
and acquisition of oestrogen-receptor mutations in therapeu-
tic resistance [24, 25].

Additional fulvestrant to targeted agents to block cell
signaling pathways that interact with the ER increased

Author, year Trial Targeted agents Dose of fulvestrant Pathways inhibited
Sledge GW 2017 MONARCH 2 Abemaciclib 500 mg CDK4/6
Cristofanilli M 2016/Turner NC 2018 PALOMA-3 Palbociclib 500 mg CDK4/6

Burstein HJ 2014 CALGB 40302 Lapatinib 250 mg HERI1, HER2
Baselga J 2017/Campone M 2018 BELLE-2 Buparlisib 500 mg PI3 K

Di Leo A 2017 BELLE-3 Buparlisib 500 mg PI3 K

Slamon DJ 2018 MONALEESA-3 Ribociclib 500 mg CDK4/6
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Baselga J 2017 -0.2485 0.0776 18.1% 0.78 [0.67, 0.91) -
Burstein H) 2014 0.0392 0.1213 15.7% 1.04 [0.82, 1.32] -
Cristofanilli M 2016 -0.7765 0.1251 15.5% 0.46 [0.36, 0.59] ——
DilLeo A 2017 -0.4005 0.0825 17.8% 0.67 [0.57, 0.79] -
Slamon D) 2018 -0.5226 0.1079 16.4% 0.59 [0.48, 0.73] -
Sledge CW 2017 -0.5924 0.1063 16.5% 0.55 [0.45, 0.68] -
Total (95% CI) 100.0%  0.66 [0.54, 0.81] <o
e, 2 _ - Chi2 = - R = 5 ' + + + J
Heterogeneity: Tau® = 0.05; Chi’* = 30.53, df = 5 (P < 0.0001); I = 84% 0.1 02 0's i 10
e

Test for overall effect: Z = 4.08 (P < 0.0001)

Fig.2 Pooled analysis of PFS comparing fulvestrant-based combination therapy with fulvestrant monotherapy

2
fulvestrant plus fulvestrant alons

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Burstein H) 2014 -0.0943 0.1487 17.3% 0.91[0.68, 1.22] ——
Campone M 2018 -0.1393 0.0826 56.2% 0.87 [0.74, 1.02] i
Turner N.C. 2018 -0.2107 0.1202 26.5% 0.81 [0.64, 1.03] —
Total (95% CI) 100.0% 0.86 [0.76, 0.97] L 2
Heterogeneity: Chi* = 0.41, df = 2 (P = 0.81); I’ = 0% =0.1 0.52 t + {

Test for overall effect: Z = 2.43 (P = 0.02)
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Fig.3 Pooled analysis of OS comparing fulvestrant-based combination therapy with fulvestrant monotherapy

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Baselga ) 2017 68 576 44 571 22.2% 1.60 [1.08, 2.39]) —
Burstein H) 2014 20 101 9 102 10.2% 2.55(1.10,5.92)
Cristofanilli M 2016 66 347 15 174 15.7% 2.49[1.38,4.51) _—
Dileo A 2017 22 289 3 143 5.8% 3.85[1.13, 13.07) _—
Slamon D) 2018 155 379 52 181 22.9% 1.72 [1.17, 2.51) —
Sledge CW 2017 215 446 47 223 23.2% 3.49 [2.40, 5.05] —
Total (95% CI) 2138 1394 100.0% 2.30 [1.67, 3.18] <
Total events 546 170
Heterogeneity: Tau? = 0.08; Chi* = 11.00, df = 5 (P = 0.05); I* = 55% :0 1 052 055 25 é 10=
Test for overall effect: Z = 5.08 (P < 0.00001) : “fulvestrant plus fulvestrant alone

Fig.4 Pooled analysis of ORR comparing fulvestrant-based combination therapy with fulvestrant monotherapy

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Burstein HJ 2014 28 146 8 145 6.9% 4.06 [1.78, 9.26)
Campone M 2018 447 573 192 570 45.1% 6.98 [5.37,9.09] ——
Cristofanilli M 2016 251 345 38 172 14.7% 9.42(6.12, 14.49) —s
DiLeo A 2017 63 288 4 140 4.5% 9.52(3.39, 26.74) _—
Sledge CW 2017 265 441 S1 223 28.8% 5.08(3.52,7.32) ——
Total (95% CI) 1793 1250 100.0% 6.71 [5.58, 8.06] -
Total events 1054 293
Heterogeneity: Chi® = 6.55, df = 4 (P = 0.16); I’ = 39% =0 1 052 t + {

Test for overall effect: Z = 20.23 (P < 0.00001)

Fig.5 Pooled analysis of SAEs comparing fulvestrant-based combination therapy with fulvestrant monotherapy

0.5 2
fulvestrant plus fulvestrant alon
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e

clinical benefits compared with single fulvestrant treatment.
Cyclin dependent kinases 4 and 6 (CDK 4 and 6) inhibi-
tion and a direct PI3 K inhibitor are accepted as an effective
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strategy to restore therapy sensitivity and inhibit the growth
of endocrine therapy-resistant tumors [26, 27]. Moreo-
ver, findings of previous trials have reported that CDK4/6
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inhibitors might sensitise PIK3CA-mutant breast cancer to
agents that target the PI3 K/mTOR pathway, result in invest-
ing the combination use of CDK4/6 and PI3 K inhibitor in
this setting [28]. Other genomic alterations have been found
in the PI3 K/AKT/mTOR pathway that influenced breast
cancer including PTEN loss and AKT mutations. The loss
of PTEN activity and mutations of AKT lead to aberrant
signalling and have associate with 7 primary and metastatic
malignancies, [29, 30].

With respect to the OS analysis, results from PALOMA-3
trial and BELLE-2 trial slightly in favor of fulvestrant-based
combination therapy than fulvestrant mono-therapy, albeit
without statistical significance. In our OS analysis, fulves-
trant-based combination therapy improved OS in the over-
all population with significant statistical difference. To our
knowledge, crossover therapy after disease progression may
negatively influence the overall survival [31] and probably
lead to prolong the overall survival in the control group in
inverse, thereby more comprehensive evaluation of selective
inhibitors is in-need in future.

In terms of the safety profile, we found the grade 3/4 AEs
were more common in the combination group irrespective
of the targeted agents included.

The toxicities of the combination group was broadly con-
sistent with previous studies of its safety when given as a
single agent [32], and were not severe and none led to death.
While there are little data to predict which patients will suf-
fer from these toxicities beyond a past medical history of
endocrine therapy-resistant MBC. This is clearly an area that
needs to be explored further to improve the safety of these
combination agents.

The results contribute to the growing evidence that sup-
ports combination group in endocrine therapy-resistant
MBC. However, there are limitations to our study. First,
although the experimental methods of the included studies
were similar, they were not identical. The heterogeneity due
to varying different treatment regimens cannot be discounted
entirely. Furthermore, due to the lack of data, we did not
analysis the subgroup of the different pathway inhibitor or
menopausal status, and further investigation should be given
to rapid evaluation.

Conclusion

In conclusion, the combination of a targeted agent with ful-
vestrant for hormone receptor-positive metastatic breast can-
cer (MBC) patients progressed after prior endocrine therapy
was generally well tolerated, showing promising activity
with a better efficacy profile. However, more randomized
controlled trials with larger sample sizes are still needed
to detect relevant biomarkers that have sufficient sensitivity

and specificity to choose the patient population that would
achieve advantage from the combination therapy.
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