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Liquid biopsy to tailor the treatment of advanced hormone
receptor-positive breast cancer in the era of novel endocrine
agents and CDK4/6-inhibitors
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Multiple clinical trials and real-world evidence studies have
consistently shown the remarkable efficacy of CDK4/6-
inhibitors in combination with endocrine therapy (ET) as
first/second-line treatment of hormone receptor-positive
(HR")/HER2-negative (HER2") advanced breast cancer
(ABC) (1-3). These drugs in combination with either an
aromatase inhibitor (Al) or the selective estrogen receptor
degrader (SERD) fulvestrant, significantly prolonged
disease control, overall survival, and improved quality
of life compared to ET alone or most chemotherapy
regimens, proving to be effective also in case of visceral
crisis (3-6). However, despite the significant advancements
achieved, HR*/HER2™ ABC is still an incurable disease,
with progression on CDK4/6-inhibitor + E'T ultimately
occurring, sooner or later.

Recent findings have highlighted the importance of
refining the targeting of the estrogen receptor (ER) to
improve the synergy between ET and CDK4/6-inhibitors,
in order to achieve better outcomes. In this perspective,
novel endocrine agents such as oral SERDs, selective ER
modulators (SERMs) and proteolysis targeting chimeras

(PROTAC :S) specific to ER are under active development
as potential novel endocrine agent partners for CDK4/6-
inhibitors, as well as in monotherapy or in combination
with other target agents (7,8).

In their recent article on Clinical Cancer Research, Dr.
"Tsuji and colleagues presented the results of a phase IB/II
single-arm trial evaluating the role of the novel endocrine
agent bazedoxifene in combination with palbociclib in
patients with HR/HER2™ ABC who had progressed
on prior endocrine treatment (NCT02448771) (9).
Bazedoxifene is a third-generation SERM and SERD
hybrid that has demonstrated activity in preclinical models
of endocrine-resistant breast cancer, including models
harboring ESRI mutations (10), and has shown a favourable
safety profile in clinical trials with healthy women (11).
In fact, it is currently approved for the treatment of
postmenopausal osteoporosis in women at increased risk
of fracture. The study from Tsuji ez al. enrolled 36 patients
with HR/HER2™ ABC who had experienced disease
progression on prior ET. There was no restriction on
the number of prior ET, and up to 1-2 previous lines of
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chemotherapy were allowed. Notably, most patients had
liver metastases (64%), with 50% having received at least
two lines of prior ET and 52% having undergone previous
chemotherapy in the advanced setting. All patients received
bazedoxifene 40 mg orally once daily on days 1-28 and
palbociclib in standard dosing.

The trial successfully achieved its primary endpoint
with a clinical benefit rate of 33.3% [l partial response
(PR) and 11 stable diseases (SD) >24 weeks], surpassing the
predetermined threshold of at least 11 patients experiencing
clinical benefit. Of note, four patients had an outstanding
clinical benefit with disease stability >12 months. The
number of prior treatment regimens in the advanced setting
did not correlate with clinical benefit. In terms of safety, it’s
noteworthy that the addition of bazedoxifene to palbociclib
did not exacerbate the adverse events previously known
with palbociclib. The safety profile remained manageable
throughout the study. Importantly, no dose-limiting
toxicities were observed in the initial six patients enrolled
in the safety run-in phase. Thus, 125 mg dose palbociclib
was used for the remainder of the study. In line with
findings from the PALOMA-2 trial, the most commonly
reported adverse events were any-grade neutropenia (61%)
and fatigue (22%) (12). It is also worth highlighting that
only one patient discontinued treatment due to protocol-
specified unacceptable toxicity (neutropenia), and there
were no treatment-related deaths reported in the study (9).

While the trial’s main objective was to provide activity
and safety data for the bazedoxifene and palbociclib
combination to allow for its further development, the
study provided an interesting set of translational biomarker
analyses, as well (9). A serial plasma collection performed
at baseline (n=36), day 1 of cycle 2 (C2D1, n=33) and at the
time of disease progression [end of treatment (EOT), n=33]
was carried out to evaluate cell-free DNA (cfDNA) tumor
fraction (TF) and presence of tumor somatic mutations.
When ¢fDNA TF in a sample was superior to 0.03, the
sample was considered to be positive for circulating tumor
DNA (ctDNA). Although no significant association with
progression-free survival (PFS) was observed between the
early changes in ¢fDNA TF after 1 month of treatment,
baseline ¢fDNA TF showed significant association with
tumor burden (the higher the TE, the higher the number
of affected organs) and PFS (the lower the TF, the better
the outcome) (9). To note, despite different methodological
approach, our group and others demonstrated that ctDNA
might be useful to predict therapeutic outcomes in ABC
treated with CDK4/6-inhibitors and ET; as well (13,14).
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In 68 (66.7%) samples with detectable ctDNA, whole-
exome sequencing (WES) was performed to identify
mutations potentially associated with treatment sensitivity
and resistance. The most frequently observed mutations at
baseline involved ESRI and PIK3CA. Baseline activating
PIK3CA mutations were not found in patients who had a
clinical benefit and were associated with shorter PFS, in
line with other studies (15), while baseline activating ESR1
mutations were found in patients with and without clinical
benefit from the combination and had no impact on PFS.
These findings suggest that PIK3CA mutations could serve
as potential biomarkers of resistance to the combination
of bazedoxifene and palbociclib, and their relevance may
extend to other next-generation endocrine therapies. To
note, PIK3CA-mutant HR*/HER2™ ABC can be already
targeted with the alfa-selective PI3K inhibitor alpelisib
+ ET, and more PI3K inhibitors are under development,
as well (16). On the other hand, the presence of ESRI
mutations did not impair the efficacy of bazedoxifene and
palbociclib.

ESRI is the gene codifying for ER, and activating
mutations occurring in the ligand binding domain can be
found in 20-40% of patients with metastatic HR" tumors
who have received an Al (17). These mutations stabilize
ER’s active conformation, resulting in the development of
endocrine resistance. In a combined biomarker analysis
of the SOFEA and EFFECT phase III trials of fulvestrant
+/— AT vs. Al, baseline ESR]I mutations detected in ctDNA
impaired Al efficacy but not that of fulvestrant (17). In the
more recent PADA-1 trial, patients with HR/HER2™ ABC
harboring an ESRI-activating mutation had twice the odds
of disease progression when treated with an Al + palbociclib
compared to those with wild-type ESRI. Interestingly,
patients in this study with rising ESRI mutations in
ctDNA experienced improved PFS when switched to
fulvestrant and palbociclib, as opposed to continuing Al
as ET backbone (18). New oral SERDs like elacestrant or
camizestrant also proved to be particularly effective, and
superior to fulvestrant, in ESRI-mutant HR/HER2™ ABC,
as detected in ctDNA (7,19). These and other novel agents
are currently under investigation in combination with
CDK4/6-inhibitors (7).

Considering bazedoxifene’s superior activity in inhibiting
the most common ESRI mutations compared to fulvestrant
in preclinical models (10,20), along with the efficacy
outlined by Tsuji ez 4/. in their phase I/1I study (9); provided
also the superior efficacy of novel endocrine agents in
ESRI-mutant tumors compared to fulvestrant, bazedoxifene
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might warrant further investigation as CDK4/6-inhibitor
partner in ESRI-mutant HR/HER2™ ABC. In this scenario,
liquid biopsy appeared to be potentially useful to both
identify a subset of patients with PIK3CA mutations to
whom this therapeutic approach should not be proposed
and ESRI-mutant cases suitable for bazedoxifene.

Noteworthy, the comparison between EOT ctDNA
and baseline ctDNA revealed that several patients acquired
actionable driver mutations (i.e., BRAF missense mutations,
PIK3CA hotspot mutations, ERBB2 mutations) throughout
the study treatment (9). These mutations provide valuable
insights into potential mechanisms of acquired resistance
and could serve as therapeutic targets, either in clinical
practice or within clinical trials. Moreover, it was observed
that the presence of the APOBEC signature was associated
with a lack of clinical benefit from the combination of
bazedoxifene and palbociclib, supporting previous evidence
suggesting a correlation between this genomic signature
and endocrine resistance (21).

Taken together, all these data add further evidence
to support the implementation of liquid biopsy in the
clinical practice of HR/HER2™ ABC, especially when it
comes to the prescription of novel ET agents or targeted
therapies (22). Liquid biopsy compared to traditional
tissue biopsies, offers the advantage of being minimally
invasive, provides a more comprehensive assessment of
tumor heterogeneity by capturing genetic alterations
from multiple tumor sites simultaneously and allows for
real-time monitoring of tumor biology evolution and
treatment response. In fact, the detection of specific
mutations in ctDNA for the prescription of targeted
therapeutic approaches is already a reality in HR/HER2"
ABC, with the prescription of alpelisib or elacestrant
subject to the identification of PIK3CA or ESRI mutations,
respectively (22). In their study, Tsuji et 4/. provide further
evidence that tracking tumor sub-clonal evolution under
therapeutic selective pressure is feasible and promising,
since several actionable mutations were identified.

Apart from this, there is a huge interest in testing the
possibility of liquid biopsy as tool to detect the emergence
of therapeutic resistance and promote therapeutic decision-
making before radiologic progression. This might enable
a timelier adjustment to therapy, as hinted by the PADA-
1 trial results (18). In this perspective, two ongoing
randomized trials hold significance in this context. The
phase IT INTERACT (NCT04256941) aims to evaluate the
PFS when transitioning to fulvestrant versus continuing Al
therapy in patients treated with any CDK4/6 inhibitors with
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emergence of ESRI mutations detected in plasma. Similarly,
the phase III SERENA-6 trial NCT04964934) explores
whether switching to the oral SERD camizestrant while
maintaining the same CDK4/6-inhibitor, upon detecting
ESRI mutations in ctDNA, improves PFS compared to
continuing Al + CDK4/6-inhibitor until radiologic tumor
progression. If positive, these results might open to the
possibility of anticipating therapeutic changes according to
a seriated monitoring of tumor mutational profile through
liquid biopsy, radically changing the way we currently treat
metastatic breast cancer.

Nevertheless, while accumulating evidence supports
liquid biopsies as a valuable tool for identifying individual
genomic alterations, it is important to acknowledge that
breast cancer is a complex disease, which behaviour is
determined in most cases by multiple genomic features,
rather than single driver genomic mutations (23). While
single DNA alterations in tumor cells remain clinically
useful, it is essential to consider that refining patients’
prognosis and treatment outcomes may require additional
biological information. Phenotypic characterization
through multi-gene RNA-based expression analysis could
offer valuable insights, for example by detecting the
prognostic and predictive molecular intrinsic subtypes
(23-26). Nonetheless, implementing tumor-based RINA-
based gene expression profiling in the metastatic setting
poses significant challenges due to limited availability of
tumor tissue, tumor heterogeneity, and evolving tumor
biology during treatment. In this context, a recent study
by Prat er al. convincingly demonstrated the capability
of plasma ctDNA to capture intricate tumor phenotypes,
track breast cancer biological processes and identify distinct
tumor subtypes within HR/HER2™ ABC, by using a
methodologically novel multi-gene signature approach,
which might also predict the response to CDK4/6-
inhibitor-based regimens (27).

While liquid biopsy offers valuable insights it also faces
several limitations in its current application. It struggles to
reliably detect fusion and copy number events, and it may
produce false-negative results, even in advanced cancers,
when time of acquisition is not carefully planned and when
there is low ctDNA shedding, such as in cases of bone-
only disease, oligometastatic disease or brain metastases.
Additionally, false positives can occur due to clonal
hematopoiesis (22).

Whilst the role of liquid biopsy in ABC is well-
established, emerging research is unveiling its potential to
improve the management of early-stage breast cancer (EBC)
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by enabling non-invasive assessment of tumor burden.
Serial ctDNA analysis in EBC can offer valuable insights for
treatment decision-making, early assessment of treatment
response and detecting minimal residual disease (MRD) or
molecular relapse (28).

Future research in liquid biopsy should prioritize
determining the ideal timing for dynamic ctDNA
assessment and accurate threshold for response prediction
both in the advanced and early settings. Additionally,
efforts should be directed towards providing evidence of
clinical utility for MRD assessment in the adjuvant setting
and exploring the potential of liquid biopsy for screening
of early-stage cancers and precancerous conditions in
asymptomatic individuals. The development of novel
technologies, such as methylation pattern-based sequencing,
fragmentations pattern-based sequencing, and ultra-
sensitive mutation detection, holds promise for optimizing
liquid biopsy’s utility in these emerging applications.

In summary, the study from I3uji et a/. showed that the
combination of bazedoxifene and palbociclib is safe and
potentially active in endocrine-pretreated HR/HER2"
ABC, with or without ESRI mutations, further supporting
its clinical development. This trial also strengthened the
evidence to support the use of liquid biopsies to capture
tumor heterogeneity, track subclonal genetic evolution, and
identify actionable mutations acquired during treatment,
shedding a light on the potential of liquid biopsies as a
valuable tool for guiding treatment decisions in the evolving
therapeutic landscape of HR'/HER2™ ABC. Future research
is warranted to explore how liquid biopsy can continue to
offer clinically valuable insights for optimizing treatment
strategies across all breast cancer patients.
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