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First-line endocrine therapy (ET) in hormone receptor-
positive HER2-negative (HR+/HER2−) metastatic breast 
cancer (MBC) is now combined with any of the three cyclin-
dependent kinase 4 and 6 inhibitors (CDK4/6i). Under 
certain conditions, starting this combination in second-line 
following progression on single agent ET can be an option, 
as recently reported in the SONIA trial (1-3). Overall, 
CDK4/6i exhibits a relatively safe tolerability profile, 
but close monitoring, along with symptom-driven dose 
adjustments, is crucial to enhance compliance, especially 
during the first therapy months. Disease progression 
inevitably occurs following resistance to the combination of 
ET and CDK4/6i when tumors switch to alternative growth 
pathways due to existing or acquired mutational changes in 
genes such as RB, PIK3CA, or ESR1. Phenotypically, they 
can also lose ER expression or even overexpress HER2, the 
reason why guidelines advocate for re-biopsy at this stage (4).  
At progression after CDK4/6i, physicians frequently shift 
to classic chemotherapy regimens unless there is a low 
tumor burden or long-term disease control on the prior 
therapy line. The rationale for this treatment preference 
lies in the reduction of the median progression-free survival 

(mPFS) with single-agent ET, such as fulvestrant, from 7 to  
2 months following resistance to CDK4/6i treatment.

There remain, however, several treatment options to 
delay classical chemotherapy. Unfortunately, little is known 
about the optimal approach as different molecular resistance 
mechanisms might exist not only against the ET + CDK4/6i 
combination but sometimes only either against the ET or 
against the CDK4/6i (Figure 1). In this setting, data testing 
an early switch to fulvestrant (continuing the CDK4/6i) 
at the pre-progression appearance of an ESR1 mutation in 
ctDNA (PADA-1 data; currently being tested in a phase 
3 study called SERENA6 NCT04964934), or a switch at 
progression using single agent elacestrant or camizestrant, 
both oral selective ER degraders (SERDs), is promising (8).  
As compared to the standard of care they increased the 
mPFS in a clinically meaningful way respectively in the 
EMERALD and SERENA2 trials, especially if ESR1 
is mutated or in case of a disease control on the prior 
CDK4/6i exceeding 12 months (9,10). If ESR1 is not 
mutated we presume, at this stage, a progressive loss of ER-
driven tumor growth. Next-line therapies that targeted the 
PIK3CA, AKT, or mammalian target of rapamycin (mTOR) 
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pathway (alpelisib, capivasertib, everolimus) improve the 
mPFS when combined with fulvestrant. A small subset of 
20 patients in SOLAR-1 and 121 patients in ByLieve with 
immediate prior AI + CDK4/6i had benefit when alpelisib 
was added to fulvestrant respectively tripling mPFS from 
1.8 to 5.5 months in SOLAR1 and an mPFS of 7.3 m and 
clinical benefit rate (CBR) in 50.4% progression-free in 
ByLieve (11,12). Another trial called CAPITELLO 291 
included patients with resistant disease to ET + CDK4/6i 
combinations. They received fulvestrant +/− capivasertib 
(a small molecule inhibitor of AKT) (13). As in ByLieve, 
patients in this trial with a short duration of prior CDK4/6i 
benefit (<12 months) had a doubling of mPFS (from 2 to 
4.9 months) in the capivasertib arm. The combination 
fulvestrant-everolimus (an mTOR inhibitor), tested in the 
MANTA trial prior to the widespread use of CDK4/6i 
suggested that this combo is a safe option to consider for 
patients post CDK4/6i progression (14). Large clinical data 
on its efficacy post ET + CDK4/6i progression in HR+/
HER2− MBC is lacking. The largest study in this setting by 
Dhakal et al. showed that everolimus-ET combinations in 
41 women were associated with mPFS of 4.2 months and 
objective response rate (ORR) of 17.1% (15).

A subset of patients resistant to the combination might be 
resistant to ET or CDK4/6i only and might derive clinical 
benefit from continued CDK4/6 inhibition combined with 
another type of ET. It turns out this is only if the CDK4/6i 

was changed as shown in real-world datasets by Martin et al. 
and with ribociclib following progression on palbociclib in 
the small phase 2 trial MAINTAIN, doubling mPFS [hazard 
ratio =0.57; confidence interval (CI) (0.39–0.85)] (16,17). 
This was not observed in PACE nor in PALMIRA where 
palbociclib was maintained and only the endocrine partner 
was changed (18,19). Another approach is continuous triplet 
therapy combining ET and CDK4/6i with for example 
an mTOR inhibitor. TRINTI-1 phase I/II trial enrolled 
104 patients with CDK4/6i + ET-refractory HR+/HER2– 
advanced breast cancer testing ribociclib with exemestane 
and everolimus (20). It was tolerable with a CBR of 
41.1% at week 24 exceeding the predefined threshold as 
the primary endpoint in this study. However, drug-drug 
interaction observed between everolimus and ribociclib 
precluded further exploration. Other ongoing studies like 
INAVO (Inavolisib; NCT05646862) and CAPITELLO 292 
(Capivasertib; NCT04862663) are testing triple therapy 
with an ET, a CDK4/6i and an inhibitor of PIK3CA or 
AKT respectively.

Following ET + CDK4/6i progression, limited data 
compared standard treatments with chemotherapy (Figure 2).  
Cogliati et al. reviewed these experiences and concluded 
that continuing CDK4/6i or switching to another 
CDK4/6i can remain effective post-progression (22). 
Additionally, ‘chemotherapy-like’ treatments like antibody-
drug conjugates (ADCs) such as trastuzumab-deruxtecan 
(T-DXd) and sacituzumab-govitecan (SG) expand treatment 
options for HR-resistant and HER2− low/negative MBC 
(23,24). T-DXd, which combines a HER2-targeting 
antibody and a topoisomerase I inhibitor, has shown 
substantial responses and improved overall survival (OS) in 
these patient populations. DESTINY-Breast04 compared 
T-DXd to the physician’s choice of chemotherapy in 
HER2− low MBC. It not only showed a longer mPFS in 
T-DXd users (10.1 vs. 5.4 months) but also a longer OS 
(23.9 vs. 17.5 months) in the HR+ cohort (25). Accurate 
measurement of HER2 expression is crucial as T-DXd 
benefits patients with low HER2 expression.

SG is another type of ADC consisting of a humanized 
anti-Trop-2 monoclonal antibody linked to SN-38, an 
active metabolite of irinotecan, also tested in triple-negative 
tumors. It has also shown notable response rates and 
survival benefits in HR+/HER2− MBC, particularly after 
multiple prior therapies (25). SG demonstrated a statistically 
significant improvement in OS vs. Treatment of Physician’s 
Choice with a median survival benefit of 3.2 months (26). 
SG has a manageable safety profile with a low incidence 

CDK4/6i resistance

PI3K/AKT/
mTOR pathway 

activation
ET resistance

Figure 1  Overlap between different types of resistance 
mechanisms. CDK4/6i, cyclin-dependent kinase 4 and 6 inhibitors; 
ER, oestrogen receptor; ET, endocrine therapy; HR, hormone 
receptor; PI3K, phosphatidylinositol 3 kinase; AKT, protein 
kinase B; mTOR, mammalian target of rapamycin. Adapted with 
permission from (5-7). 
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of treatment discontinuation due to adverse events (AEs), 
mainly neutropenia and diarrhea. However, both T-DXd 
and SG, while less toxic than traditional chemotherapy, can 
still have severe toxicities and are costly. Also, they are not 
yet widely available in many countries. Overall, the choice 
of therapy after CDK4/6i progression depends on several 
factors, but the duration of disease control achieved during 
the previous therapy line is crucial. Ongoing research 
aims to identify additional biomarkers for refined patient 
selection in this challenging group.

In this endocrine-resistant setting of progression post 
CDK4/6 inhibition, the study by Yuan et al. assumes critical 
significance (26). It augments our comprehension of the real-
world clinical outcomes associated with the administration of 
oral subtype-selective histone deacetylase (HDAC) inhibitor-
based therapy subsequent to CDK4/6i, especially following 
palbociclib usage. This retrospective cohort study, utilizing 
data from the Breast Cancer Database of the Chinese Society 
of Clinical Oncology, aimed to compare the therapeutic 
efficacy of tucidinostat-based treatments (76 patients) with 
those receiving abemaciclib-based treatments (73 patients) 
in metastatic HR+/HER2− breast cancer. Notably, direct 
comparisons were constrained by the inherent heterogeneity 
in this patient population and the differing proportions of 
patients receiving abemaciclib as a subsequent treatment 

after CDK4/6i resistance (50% for abemaciclib vs. 30% for 
tucidinostat). The study revealed less favorable progression-
free survival in the HDAC inhibitor-treated group (mPFS 
of 2 months), as compared to the abemaciclib-treated group 
(mPFS of 5 months). Additionally, among abemaciclib-treated 
patients, those with PIK3CA wild-type status showed even 
more promising outcomes, as indicated by subset analysis 
with available next-generation sequencing (NGS) data. It is 
pertinent to mention that preliminary data from a subset of 
patients in the Yuan et al. study (n=44) had previously been 
disclosed, encompassing a median follow-up duration of  
10 months (ranging from 1 to 26 months), with a data cutoff 
date in February 2022. This preliminary dataset reported a 
CBR of 6.8% (3/44), an mPFS of 2.0 months (95% CI: 1.9–
2.1), and a median overall survival (mOS) of 14 months (95% 
CI: 6.3–21.7). Moreover, the mPFS was notably extended 
to 4.1 months (95% CI: 0–8.2) in patients presenting 
with solitary metastatic sites, while those who received 
tucidinostat following CDK4/6i failure exhibited an mPFS of 
4.5 months (95% CI: 4.2–4.8). Multivariate analysis findings 
suggested that patients with a solitary metastatic site or those 
receiving sequential tucidinostat therapy after CDK4/6i 
failure were more likely to derive clinical benefit from 
tucidinostat in combination with ET. Furthermore, these 
preliminary data hinted at a potential association between 

Figure 2 Potential second-line treatment algorithm for patients with HR+/HER2− MBC. Adapted with permission from (21). *, pending 
approval; †, pending mature data in non-altered population. CDK4/6i, cyclin-dependent kinase 4 and 6 inhibitors; ET, endocrine therapy; 
AKT, protein kinase B; PTEN, phosphatase and tensin homolog; PARP, poly-ADP ribose polymerase; MBC, metastatic breast cancer. 
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PIK3CA mutations and resistance to tucidinostat therapy, 
a notion previously speculated upon by Zhou et al. (27). 
However, given suboptimal outcomes in various subgroups, 
including an additional 29 patients, alternative therapies 
should be considered. The superiority of abemaciclib in later 
lines aligns with MONARCH 1 study findings, suggesting 
its potential as an alternative treatment strategy (28). 
Retrospective case series of abemaciclib post-palbociclib 
are promising and showed that abemaciclib has distinct 
pharmacokinetic and pharmacodynamic properties (1).  
Currently, results from large phase 3 trials of abemaciclib 
after CDK4/6i are not yet available (the ongoing phase 3 
EMBER3 NCT04975308 and the POSTMONARCH trial 
NCT05169567). Molecular predictors of cross-resistance 
to CDK4/6i therapy are being explored. The development 
of a predictive gene panel for activity of abemaciclib after 
palbociclib progression in patients with an ESR1-mutated 
MBC is promising (29). However, challenges related to the 
availability, price, and toxicity of these targeted agents remain 
a concern for both patients and clinicians.

HDAC are key epigenetic modifiers known for restoring 
estrogen-receptor dependency in endocrine-resistant cases. 
While much of this knowledge stems from preclinical 
studies, HDAC inhibitors’ clinical history predating 
CDK4/6i is mixed. Tucidinostat, approved in China and 
used in other cancers, showed safety (no grade 4 AEs,  
treatment-related deaths, 9.1% dose reductions) and 
efficacy promise by doubling progression-free survival when 
combined with exemestane in the ACE trial (30). It might 
be an option, particularly for patients with lower tumor 
burdens and limited prior palliative treatments. In contrast, 
performance using entinostat, another HDAC inhibitor, 
was disappointing and lacks Food and Drug Administration 
(FDA)/European Medicines Agency (EMA) approval (31). 

In the E2112 trial, researchers randomized 608 patients 
with HR+/HER2− MBC (median age 63 years) to exemestane 
+/− entinostat between March 2014 and October 2018: 
35% had prior CDK4/6i therapy (32). Grade 3 and 4 AEs 
in the exemestane + entinostat arm included neutropenia, 
hypophosphatemia, anemia, leukopenia, fatigue, diarrhea, 
and thrombocytopenia. There was no significant difference 
in mPFS or mOS between the two arms (mPFS: 3.3 vs.  
3.1 months; mOS: 23.4 vs. 21.7 months; hazard ratio =0.99; 
95% CI: 0.82–1.21; P=0.94). The ORR was 5.8% in the 
exemestane plus entinostat arm and 5.6% in the exemestane 
plus placebo arm.

The optimal therapeutic strategy post-CDK4/6i 
progression remains an open question, necessitating 

ongoing research into molecular biomarkers that can predict 
treatment efficacy and provide a deeper understanding 
of resistance mechanisms to CDK4/6i. Additionally, 
differences in toxicity profiles among novel agents may 
lead to personalized therapeutic strategies for clinical 
practice. The current incorporation of adjuvant CDK4/6i 
in the management of high-risk HR+/HER2− breast cancer 
challenges re-exposure at metastatic relapse. These agents 
in the adjuvant setting not only prevent or delay recurrence 
but might also reshape the tumor’s biology with an impact 
on the selection of subsequent therapies. This impact 
doesn’t necessarily exclude the continued use of CDK4/6i 
unless specific pathway alterations must be targeted. Key 
factors influencing the choice of first-line metastatic therapy 
post-adjuvant CDK4/6i progression include the extent 
and localization of the tumor, primary clonal or acquired 
molecular events, and duration to metastasis (disease-free 
interval) or duration of prior disease control (33,34). This 
calls for ongoing research and personalized approaches to 
optimize outcomes underscoring the pivotal role played by 
real-world registries, such as PRAEGNANT, in shedding 
light on the adherence, tolerance, and efficacy of treatment 
modalities across a broad patient population, surpassing 
the constraints of clinical trials (35). The pertinence of 
real-world data is poised to grow exponentially in the 
coming years, given the burgeoning array of emerging 
treatment choices in HR+/HER2− MBC that may not be 
comprehensively evaluated through traditional clinical 
investigations.
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