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Abstract: Endocrine therapy (ET) with a cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) is currently the first-line standard treatment
for most patients with hormone receptor-positive (HR+) and human epidermal growth receptor 2-negative (HER2-) metastatic or
advanced breast cancer. However, the majority of tumors response to and eventually develop resistance to CDK4/6is. The mechanisms
of resistance are poorly understood, and the optimal postprogression treatment regimens and their sequences continue to evolve in the
rapidly changing treatment landscape. In this review, we generally summarize the mechanisms of resistance to CDK4/6is and ET, and
describe the findings from clinical trials using small molecule inhibitors, antibody-drug conjugates and immunotherapy, providing
insights into how these novel strategies may reverse treatment resistance, and discussing how some have not translated into clinical
benefit. Finally, we provide rational treatment strategies based on the current emerging evidence.

Keywords: breast cancer, human epidermal growth receptor 2, hormone receptor, cyclin- dependent kinases 4 and 6 inhibitor,
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Introduction

In 2020, breast cancer became the most common malignancy worldwide, with 2.3 million newly diagnosed cases, accounting for
approximately 11.7% of all newly diagnosed cancers." Among the four molecular subtypes of breast cancer, hormone receptor-
positive and human epidermal growth receptor 2-negative (HR+/HER2-) breast cancer constitute approximately 70%.%3
Although endocrine therapy (ET) is the mainstay therapy for HR+/HER2- metastatic breast cancer (mBC) or advanced breast
cancer (ABC),* a large proportion of patients eventually develop resistance to ET.’ Due to the expanding body of knowledge on
the biological complexity of breast cancer, treatment options for HR+/HER2- mBC have increased. Currently, three CDK4/6
inhibitors (CDK4/6i) palbociclib (Ibrance), ribociclib (Kisqali), and abemaciclib (Verzenio) have been approved by the Food and
Drug Administration (FDA) due to their greater efficacy, oral availability, and relatively low toxicity profile.

As the standard of care for first-line therapy, the combination of CDK4/61 with an aromatase inhibitor (Al) significantly
prolonged the median progression-free survival (mPFS) from 12—-14 months to more than 25 months (as observed in
PALOMA-2, MONALEESA-2 and MONARCH-3 studied).*® The MONARCH-2, PALOMA-3 and MONALEESA-3
studies demonstrated that the combination of fulvestrant with CDK4/6is doubled the mPFS compared to that of fulvestrant
alone after progression on prior Als.” "' However, most patients whose tumors ever respond to CDK4/6i eventually develop
acquired resistance.'” After progression, there are still no established guidelines for the optimal treatment options, because the
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mPFS is five to seven months when ET plus targeted therapy, including the inhibitors to the PI3K-AKT-mTOR signaling
pathway, CDK4/6 inhibitor not the same as the prior. Generally, post-CDK4/6i therapies include the continuation of CDK4/6
inhibition, novel ET agents, and combinations of ET with other targeted agents, including everolimus, alpelisib and so on,
chemotherapy and antibody-drug conjugate (ADC).

In this review, we will generally summarize the possible mechanisms of CDK4/6i resistance, mainly focusing on
therapeutic strategies for reported clinical trials that have the potential to transform our treatment paradigm over the next
decade. Treatment-related adverse effects and potential predictive biomarkers are also explored in this review.

Resistance Mechanisms to CDK4/6i

In the first-line therapy for the patients with HR+/HER2- mBC, the efficacy of three CDK4/6is including palbociclib,
ribociclib, and abemaciclib is similar, with the mPFS of 25-28 months and hazard ratios (HRs) of 0.54-0.58 compared to
Al alone.>® Several clinical studies have attempted to identify molecular biomarkers that can predict the response to the
combination of CDK4/61 with ET in HR+/HER2- ABC patients, and a number of candidates have ever been identified;
however, none of these methods have been sufficiently validated for clinical use. The mechanisms of resistance to CDK4/61
blockade are mainly studied in vitro and preclinical, and no specific mechanism was revealed between three CDK4/6is.
Generally, the underlying mechanisms include aberrations affecting cell cycle progression and the activation of other signaling
pathways (Figure 1). The alterations that affect cell cycle mediators include loss-of-function alterations in retinoblastoma
(RB)"*™"* and upregulation or overexpression of CDK6,'® cyclin E1/E2,'* CDK2,'*'>'" E2F,'® CDK4,""?' WEEI,*
MDM2,* and INK4,?* loss of FZR1,% and FAT1.%® Activation of the PAM signal pathway is known to be a crucial factor
in resistance to ET with CDK4/6i.'*” Additionally, the loss of ER or PR expression,? increased transcriptional activity of
AP-1,"*131727 Smad 3 suppression,”® autophagy activation,” and immune-related mechanisms are also suggested to be
involved in the resistance to CDK4/6i. Given the differential properties of the three CDK4/6is, which may influence the mode
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of action, the underlying mechanisms of resistance may potentially vary. Data from such research are awaited. The biomarker
analysis of the MAINTAIN and PACE trials may reveal the potential differences in different CDK4/6is. Notably, the
continuous dosing of CDK4/6 inhibitors may be required to maintain cell cycle arrest and proliferation inhibition.

Possible Strategies to Overcome Resistance

Continuation of CDK4/6i Treatment with ET

The combination of CDK4/6is with ET is well accepted as the preferred option for HR+/HER2-mBC patients without
visceral crisis or life-threatening disease.>®>? It is currently unclear whether continuation of CDK4/6 inhibition after
prior therapy with CDK4/6is and ET is beneficial, given the previous results were inconsistent.

A real-world study (RWS) investigated 839 patients who received CDK4/6i as a first-line treatment.*® The unadjusted
mPFS for patients who received CDK4/6i as second-line therapy was 8.25 months, and that for those who received
chemotherapy, fulvestrant, or everolimus was 3.71, 3.25 and 3.32 months, respectively. Notably, 74.5% (229/308) of
patients in this cohort continued to receive the same CDK4/6i regimen in the second-line setting, as was in the first-line
treatment. Similarly, a single-institution study reported an estimated 10.3-month mPFS with palbociclib-fulvestrant as
the second-line therapy among patients who had progressed on palbociclib-AlI treatment.** In a multicentre cohort, after
progression on palbociclib, 71.3% of patients received non-sequential therapy with another CDK4/61 abemaciclib, and
the mPFS was 5.3 months and the mOS was 17.2 months, which were notably similar to the results of abemaciclib
monotherapy in heavily pretreated, CDK4/6i-naive, HR+/HER2- patients in the MONARCH-1 study.>”

The Phase II MAINTAIN study (NCT02632045) assessed the ongoing use of ribociclib or not plus fulvestrant or
exemestane after progression on CDK4/6i. Palbociclib and ribociclib were previously used by 87% and 13%, respectively,
of the patients in this study. The ribociclib-based regimen demonstrated a clinical benefit rate (CBR) of 43% and an mPFS of
5.29 months, while fulvestrant or exemestane alone had a CBR of 25% and an mPFS of 2.76 months, and these two regimens
were significantly different (HR=0.57, 95% CI=0.39-0.95, p=0.006).>® In a subset analysis, the PFS benefit of ribociclib in
the second line was statistically significant in patients who had palbociclib as first-line therapy (n = 103, HR 0.58, 95%
CI 0.38-0.90) but not in patients who had received ribociclib in the first line (n = 14, HR 0.50 95% CI 0.15-1.70).

However, in the phase II PACE study (NCT03147287), patients who were receiving a CDK4/6i first-line therapy for at
least 6 months were randomized to receive fulvestrant (Group A) or fulvestrant and palbociclib (Group B) or fulvestrant,
palbociclib, and avelumab (Group C), and there was no significant difference in the mPFS between Group A (4.8 months)
and Group B (4.6 months).*” Notably, 94.5% and 91.9% of patients in Group A and Group B respectively, had previously
received palbociclib therapy.

The phase II BioPER single-arm study enrolled 33 HR+/HER2-mBC patients who had prior clinical benefit from
palbociclib plus ET. Patients continued palbociclib but had switched their ET, and the CBR was 34%, with an mPFS of
2.6 months.*® Two other studies (NCT03809988 and NCT02738866) also evaluated the effect of the continuation of the
same CDK4/6i regimen as the previously used and switched to different ET drugs.

Currently, it is unclear whether it would be more appropriate to continue treatment with the same CDK4/61, or switch
to another CDK4/6i in the second-line setting. The PALOMA-2 and PACE data suggest that palbociclib may have
different effects than other CDK4/6is. It may be reasonable to continue CDK4/6is at the time of progression, especially in
patients treated with palbociclib in the first-line setting; however, additional data are needed to confirm this as a treatment
strategy. Further understanding of tumor mutations and mechanisms of resistance to endocrine resistance may allow us to
target patients who would benefit from continuing CDK4/6i therapy.

Continuation of CDK4/6i with Targeted Therapy

TRINITI-1 is a Phase II, multicentre, single-arm study used to explore the effect of triple therapy (25mg exemestane,
300mg ribociclib, and 2.5mg everolimus daily) after progression on a CDK4/6i in HR+/HER2- mBC.*° The clinical
benefit rate (CBR) among 95 efficacy-evaluable patients at week 24 was 41.1% (95% CI, 31.1-51.6%), which met the
primary endpoint, and the mPFS was 5.7 months. The acceptable safety profile and preliminary efficacy results of the
TRINITI-1 study provide support for further investigations of larger sample sizes, randomized, controlled trials.
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The phase II PACE study (NCT03147287) is also designed to evaluate the efficacy of ongoing treatment with CDK4/
61 plus fulvestrant with or without avelumab following progression on CDK4/6i plus Al. The participants were randomly
assigned to three groups: Group A (fulvestrant alone), Group B (fulvestrant plus palbociclib), Group C (fulvestrant,
palbociclib and avelumab combination).?” The results showed an mPFS of 8.1 (95% CI 3.2—10.7) months in Group C and
4.8 (95% CI 2.1-8.2) months in Group A (p=0.23). There was no significant difference between Group C and Group A;
however, a numerical increase in the mPFS indicated that the benefit may result from the addition of avelumab and
palbociclib, which needs to be further validated in a randomized, controlled, Phase III study. Table 1 shows clinical trials
or retrospective studies that target cyclin D1-CDK4/6 complex after CDK4/6i progression in the patients with HR
+/HER2- mBC.

Inhibitors Targeting the PAM Signaling Pathway

PI3K Inhibitors

Thus far, the most successful PI3K inhibitor clinically available is alpelisib. Phase IB trials have shown that treatment
with combination of alpelisib with ET results in clinical benefit in HR+/HER2- mBC patients with acquired resistance to
ET, particularly in the PIK3CA mutated cancers.*>*' The phase III SOLAR-1 trial showed that, in the patients with
PIK3CA mutations, the mPFS was longer in the alpelisib plus fulvestrant group than in the fulvestrant monotherapy

Table | Clinical Trials or Retrospective Studies Targeting cyclinD |-CDK4/6 Complex

Study ID Phase | Population Size | Intervention Result
Retrospective NA HR+ HER2- mBC prior progression on | 308 The same CDK4/6i in mPFS =8.25 months
study a CDK4/6 inhibitors 75% patients, different
in 25% patients
Retrospective NA HR+ HER2- mBC prior progression on | 30 Palbociclib+fulvestrant mPFS =10.3 months
study palbociclib plus Al
Retrospective NA HR+ HER2- mBC prior progression on | 87 Abemaciclib mPFS =5.3 months mOS=17.2
study palbociclib plus Al monotherapy months
MAINTAIN I HR+ HER2- mBC prior progression on | 132 Ribociclib plus mPFS = 5.29 months CBR=43%
(NCT02632045) palbociclib plus or ribociclib, <1 line fulvestrant or
prior chemotherapy exemestane
PACE I ABC HR+ HER2- progression on Al 220 Ful vs Ful+Palbociclib vs | mPFS =4.89 (F) vs 4.6 (F+P) vs 8.1
NCTO03147287 +CDK4/6 inhibitors Ful+Palbociclib (F+P+A) months; mOS=27.5 (F) vs
+avelumab 24.6 (F+P) vs 42.5 months (F+P+A)
BioPAR Il Prior ET 1-2 lines, prior Palbociclib, <1 | 33 Palbociclib + Physician’s | mPFS =2.6 months mOS=23.9
NCTO03184090 line prior chemotherapy choice ET months CBR=34%
NCT03809988 Il HR+ HER2- ABC prior progression on | 198 Palbociclib +Al/Ful vs NA
(PALMIRA) Pal+Al/Ful Al/Ful
NCT02738866 I HR+ HER2- ABC prior progression on | 100 Palbociclib +Ful NA
Pal+Al
NCT04318223 Il HR+ HER2- mBC prior progression on | 168 Palbociclib Plus NA
CDK4/6i plus endocrine therapy Fulvestrant
NCT03809988 Il HR+ HER2- ABC prior progression on | 198 Palbociclib +Al/Ful vs NA
(PALMIRA) Pal+Al/Ful Al/Ful
NCT02738866 I HR+ HER2- ABC prior progression on | 100 Palbociclib +Ful NA
Pal+Al
NCT03519178 11 HR+ HER2- ABC prior progression on | /157 | PF-06873600 vs PF- NA
a CDK4/6 inhibitors 06873600+ Endocrine
Therapy
TRINITI-I 171 HR+ HER2- ABC prior progression on | 95 Ribociclib+EVE+EXE mPFS =5.7 months CBR at 24
NCT02732119 a CDK4/6 inhibitors= 4 months weeks: 41% ORR:8.4%

Abbreviations: HR, hormone-receptor; HER2, human epidermal growth factor receptor 2; ABC, advanced breast cancer; mBC, metastatic breast cancer; CDK, Cyclin-
dependent kinase; Al, aromatase inhibitor; Ful, fulvestrant; NA, not available; mPFS, median progression-free survival; mOS, median overall survival; CBR, clinical benefit rate.
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group (11.0 vs 5.7 months, HR=0.65; 95% CI=0.50-0.85; p<0.001).** However, in this study, only 20 patients were
previously treated with CDK4/6i.

The BYLieve trial assessed the activity of the combination of alpelisib with ET in HR+/HER2- mBC patients with
PIK3CA mutations who were previously exposed to CDK4/6is.** Cohort A included 121 patients who had progressed on
prior CDK4/61 plus Al, and were treated with alpelisib plus fulvestrant. The results showed that 54.6% of patients were
free from progression at 6 months, and the mPFS was 7.2 (95% CI 5.3-9.2) months. Efficacy data of alpelisib in cohort
A compared well with that of SOLAR-1, where 44.4% of patients were free of progression at 6 months. These data
indicate that the PI3K inhibitor alpelisib is an ideal option in the patients with PIK3CA mutations who had a progression
on CDK4/6i therapy.

mTOR Inhibitors

In a Phase III, multicentre, randomized BOLERO-2 trial, in the patients with HR+/HER2- mBC progression on
a nonsteroidal Al, everolimus plus exemestane significantly improved the mPFS compared to exemestane plus placebo
(10.6 vs 4.1 months).***> However, none of patients in the trial had previously been treated with CDK4/6i.

To date, only two retrospective studies have evaluated the efficacy of everolimus plus exemestane in the patients with HR
+/HER2- mBC who were pretreated with CDK4/6i. However, the results are controversial. In a small-sample study, the mPFS of
patients who used prior CDK4/6i (n=16) or not (n=27) was 3.6 vs 4.2 months (HR=1.22, 95% CI=0.65-2.28, p=0.538),
respectively; and the mOS was 15.6 vs 11.3 months (HR=0.70, 95% CI=0.35-1.40, p=0.308), respectively.*® However, in the
study containing 192 patients with HR+/HER2- mBC, 79 patients received prior CDK4/6i use, while 113 patients did not.
Patients with prior CDK4/6i use had a shorter mPFS of 3.8 (95% CI: 3.4—4.7) months than patients without prior CDK4/6i use
(5.4 (95% CI: 3.9-6.2) months), with an HR for progression of 1.46 (95% CI: 1.08 to 1.97, p = 0.013). Moreover, the mOS was
not significantly different between groups.*’

The above results suggest that an mPFS of 4 months may be the most likely benefit of everolimus for patients with
prior CDK4/61 use. Compared to patients with an mPFS of 7 months or more who benefit from PI3K inhibitors or AKT
inhibitors, it seems reasonable that everolimus should be used in later line.

AKT Inhibitor (AKTi)

Capivasertib (AZD5363), a novel oral pan-Akt kinase inhibitor, has demonstrated promising results in preclinical studies.
In a Phase I study, capivasertib plus fulvestrant had an mPFS of 2.7 months in patients with PTEN-mutant ER+ mBC, and
an objective response rate (ORR) of 16% in all ER+ mBC patients.*® In a phase IT FAKTION study (NCT01992952), the
combination of capivasertib with fulvestrant significantly extended the mPFS in patients with endocrine-resistant HR
+/HER2- mBC. The mPFS was 10.3 months for capivasertib and 4.8 months for the placebo (HR=0.57; 95% CI=0.39-0.84;
one-sided p=0.0017; two-sided 0.0035).47>°

The phase I1I study CAPItello-291 (NCT04305496) confirmed the results of FAKTION. In the ITT population (n=708),
the mPFS was 7.2 (95% CI 5.5-7.4) months in the capivasertib plus fulvestrant group versus 3.6 (95% CI 2.8-3.7) months in
the fulvestrant group; HR=0.60 (95% CI 0.51-0.71), p<0.001; and in the AKT pathway-altered population (n=289), the mPFS
was 7.3 (95% CI 5.5-9.0) and 3.1 (95% CI 2.0-3.7) months in the cavasertib plus fulvestrant group and fulvestrant group,
respectively; and HR=0.50 (95% CI 0.38-0.65), p<0.001.>" Importantly, 69% (n=489) of patients in the ITT population and
70.6% (n=204) of patients in the AKT pathway- altered population had previously received CDK4/6i1 for advanced disease.
These results suggest that capivasertib plus fulvestrant has the potential to be a future treatment option for patients with HR+
ABC who have progressed on an endocrine-based regimen that included CDK4/6i.

Another AKTi, ipatasertib, was also evaluated in the patients with HR+/HER2- mBC following progression on prior
CDK4/6i use. In the phase I TAKTIC study (NCT03959891), the patients were treated with ipatasertib plus Al, or
ipatasertib plus fulvestrant, or ipatasertib, fulvestrant plus palbociclib. In the phase III FINER study (NCT04650581),
patients with HR+/HER2- mBC who received a CDK4/6i as first line therapy were randomized to the ipatasertib plus
fulvestrant group or control group. The above two trials are still ongoing, and the results may reveal the real value of the
AKT inhibition in the patients who progressed on prior CDK4/6i therapy.
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However, the regimen containing AKTi, CDK4/6i and ET should also be evaluated in this standard population who
are resistant to first-line CDK4/61 treatment, because of the side effect of certain ATKi is also well-tolerable. Table 2
shows the clinical trials or retrospective studies that target the PAM signaling pathway after CDK4/6i progression in
patients with HR+/HER2- mBC.

Antibody Drug Conjugate (ADC)
ADC is a kind of molecule that consists of a recombinant monoclonal antibody that is bound to a cytotoxic drug (called
a payload) via a synthetic linker.>* Currently, several ADCs are under clinical investigation for breast cancer treatment,
and the targets are as follows: HER2 (drug: T-DM1, trastuzumab deruxtecan (T-DXd), SYD985, A166, ARX788, RC-
48), HER3 (drug: U3-1402), zinc transporter LIV1 (drug: SGN-LIV1A), trophoblast cell-surface antigen (Trop-2) (drug:
sacituzumab govitecanserve, SG) and receptor tyrosine kinase-like orphan receptor 2 (drug: CAB-ROR2-ADC).

The Trop-2 protein is highly expressed in nearly 80% of breast cancers, regardless of the molecular type.’>>* SG is
a first-in-class Trop-2-directed, apparent diffusion coefficient ADC, that has high antitumor activity.> > The phase III
TROPICS-02 study assessed the clinical value of SG in HR+/HER2- mBC patients who ever received at least one line of
ET and two to four lines of chemotherapy for metastatic disease. In this study, more than 98% of patients have been
pretreated with CDK4/6i. The primary endpoints of mPFS were 5.5 (95% CI 4.2-7.0) and 4.0 (95% CI 3.1-4.4) months
in patients with SG and with TPC, respectively, and there was a significant difference (HR=0.66, 95% CI 0.53-0.83,
p=0.0003).°° At the second interim analysis, which was presented at the 2022 European Society for Medical Oncology
(ESMO) annual meeting, there was an absolute benefit of 3.2 (14.4 [95% CI 13.0-15.7]-11.2 [95% CI 10.1-12.7])
months with a 21% reduction in the risk of death between the two groups, and the difference was significant.
Additionally, the safety profile of SG was manageable and consistent with that in previous studies. Therefore, SG
demonstrated a statistically significant and clinically meaningful benefit and should be considered as a potential treatment
option in heavily pretreated patients with limited treatment options. This is especially true for patients who have received
CDK4/6i1 for metastatic disease.

In a phase Ib study, a cohort of 54 patients with low HER2 expression were treated with T-DXd, and an mPFS of 11.1
months and an ORR of 37.0% were reported.®’ A phase III DESTINY-Breast04 study (NCT03734029) was conducted to
evaluate the role of T-DXd in mBC patients with HER2-low expression who received 1-2 lines prior lines of

Table 2 Clinical Trials or Retrospective Studies of Targeting PI3K-AKT-mTOR Pathway

Study ID Phase | Population Size | Intervention Result
SOLAR-I 1] HR+ HER2- ABC 20 Alpelisib+Ful vs Placebo mPFS: 5.5 vs 1.8 months HR
NCT02437318 +Ful 0.48 (95% Cl 0.17-1.36)
BYLieve Il HR+ HER2- ABC with PIK3CA mutation 121 Alpelisib+Ful 50.4% patients were
NCT03056755 progression on Al +CDK4/6 inhibitors progression free at 6month
(cohort A) mPFS=7.3 months
TAKTIC | HR+ ABC with PIK3CA mutation, with or | 60 Ipatasertib+Ful vs NA
NCT03959891 without prior use of CDK4/6 inhibitors Ipatasertib+Al vs

Ipatasertib + Ful+Pal
FINER 1] HR+ ABC with PIK3CA mutation with 250 Ipatasertib+Ful vs Ful NA
NCT04650581 prior use of CDK4/6 inhibitors
CAPItello-291 1] HR+ HER2- ABC progression on Al 489/ | Capivasertib + Fulvestrant | mPFS=7.2 vs 3.6 months
NCT04305496 +CDK4/6 inhibitors 708 vs Ful HR=0.60, p<0.001
Retrospective NA HR+ ABC with or without prior use of 43 EVE+EXE mPFS=3.6 months mOS=15.6
study CDKA4/6 inhibitors months
Retrospective NA HR+ mBC with or without prior use of 192 EVE + prior CDK4/6 i or | mPFS: 3.8 vs 5.4 months
study CDK4/6 inhibitors another inhibitor HR:1.46 (95% Cl: 1.08 to 1.97,

P =0.013)

Abbreviations: HR, hormone-receptor; HER2, human epidermal growth factor receptor 2; ABC, advanced breast cancer; mBC, metastatic breast cancer; CDK, Cyclin-
dependent kinase; Al, aromatase inhibitor; Ful, fulvestrant; Pal, Palbociclib; EVE, everolimus; EXE, Exemestane; NA, not available; HR, hazard ratio; mPFS, median
progression-free survival; mOS, median overall survival.
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chemotherapy in the metastatic settings.> Among 480 HR+/HER2-low expression mBC patients, approximately 70%
had received CDK4/61 for metastatic disease. The mPFS in this population was 10.1 versus 5.4 months in the T-DXd
group and TPC group, respectively, and the difference was statistically significant (HR=0.51, 95% CI=0.40-0.64,
p<0.001).°% In addition, the confirmed ORR in HR+/HER2-low patients treated with T-DXd was 52.6%, which was
significantly greater than that in patients treated with TPC (16.3%). Therefore, the DESTINY-Breast04 study established
T-DXd as the standard of care for HR+/HER2-low mBC patients, especially for those who received CDK4/6i1 and 1-2
prior lines of chemotherapy for metastatic setting.

Oral Selective Estrogen Receptor Degrader (SERD)
Fulvestrant shows efficacy in tamoxifen-refractory patients, and patients with ESR1-mutated HR+ mBC who have
progressed on prior Als.*> Emerging data have shown that Fulvestrant is the most effective endocrine monotherapy for
patients with HR+/HER2-naive mBC.** However, the role of fulvestrant in HR+/HER2-refractory mBC patients who
experience disease progression after treatment with CDK4/6is has rarely been investigated in clinical studies. Oral
SERDs are a promising class of drugs because of their ability to overcome ESR1 mutations, oral delivery, and improved
bioavailability, and they are being investigated as monotherapies and in combination with CDK4/6i and other drugs such
as everolimus (Table 3).

EMERALD is an international, multi-center, randomized, open-label, phase III study that enrolled postmenopausal
patients with ER+/HER2- mBC via randomization to the elacestrant group or standard of care (SOC) group.®
Progression on previous CDK4/6is was needed. Elacestrant patients demonstrated a significant improvement in mPFS

Table 3 Other Clinical Trials on CDK4 Inhibitors Progression

Study ID Phase | Population Size Intervention Result
TROPICS-02 11l HR+ HER2- mBC prior 273 Sacituzumab govitecan mPFS= 5.5 (4.2-7.0)
(NCTO00034723) progression on a CDK4/6l (98%) months mOS=14.4 (13.0-
and received 2—4 lines of 15.7) months
chemotherapy
DESTINY- 11l HR+ HER2-low mBC prior 480 Trastuzumab deruxtecan mPFS=10.1 months
Breast04 progression on a CDK4/61 (70%) mOS=23.9 months
(NCT03734029) and received |-2 lines of ORR=52.6%
chemotherapy
TBCRC 048 I HR+ HER2-low mBC prior 41 Olaparib ORR: 82% and 50% in
(NCT02032823) progression on a CDK4/61 (70%) Germline PALB2
and received |-2 lines of mutations somatic
chemotherapy BRCAI/2 mutations
NCT03134638 | HR+ HER2- mBC prior 12 SY-1365 plus fulvestrant Terminated for business
progression on a CDK4/6il reason
NCT04247126 | HR+ HER2- mBC prior /80 SY-5609 plus fulvestrant NA
progression on a CDK4/6il
NCT04726332 | HR+ HER2- mBC prior 12 XL102 plus fulvestrant NA
progression on a CDK4/6il
Veronica 1l HR+ HER2- ABC prior 103 Venetoclax+Ful vs Ful mPFS: 2.69 vs 1.94
NCT03584009 progression on a CDK4/6 months; CBR: | 1.8% vs
inhibitors> 8 weeks 13.7%
SMILE study 1l ABC HR+ HER2- progression on | 39 Onapristone+Ful NA
NCT04738292 Al+CDK4/6 inhibitors
(Continued)
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Table 3 (Continued).

Study ID Phase | Population Size Intervention Result
TATEN I HR+ HER2- ABC prior 46 Pembrolizumab+ Paclitaxel NA
NCT04251169 progression on a CDK4/6
inhibitors
EMERALD 1] HR+ HER2- ABC prior 466 Lacestrant vs Ful vs Al mPFS: 2.8 vs 1.9 months,
NCT03778931 progression on a CDK4/6 p=0.002
inhibitors
SERENA-2 Il HR+ HER2- ABC prior 112/ 220 | Camizestrant 75mg vs camizestrant | mPFS: 5.5, 3.8 and 2.1
NCT04214288 progression on a CDK4/6 150mg vs Ful months
inhibitors
AMEERA-3 Il Prior ET 1-2 lines, prior CDK4/6i | 290 Amcenestrant (oral SERD) vs TPC mPFS: 3.6 vs 3.7 months
NCT04059484 (80%), <1 line prior chemotherapy
or targeted agent
acelERA Il 1-2 lines prior systemic therapy 303 Giredestrant (oral SERD) vs TPC mPFS: 5.6 vs 5.4 months
NCT04576455 (=1 line chemotherapy, <I line
targeted therapy)
NCT03955939 | HR+ HER2- ABC prior 5 LY3295668 Erbumine *Endocrine NA
progression on a CDK4/6 therapy
inhibitors
NCTO04553133 1l HR+ HER2- ABC prior 2240 PF-07104091 vs PF-07104091 + NA
progression on a CDK4/6 endocrine therapy
inhibitors
NCTO03519178 INla Advanced solid tumors including /155 PF-06873600 vs PF-06873600 + NA
ER+/HER2- breast cancer; prior endocrine therapy
ET + CDK4/6 inhibitors
VELA I Advanced solid tumors including /360 BLU-222 monotherapy BLU-222 + NA
NCT05252416 ER+/HER?2- breast cancer; prior Carboplatin BLU-222 + Ribociclib +
ET + CDK4/6 inhibitors Fulvestrant BLU-222 + Fulvestrant
NCT05262400 Ib/11 Advanced solid tumors including /144 PF-07220060 + PF-07104091 vs PF- | NA
ER+/HER?2- breast cancer; prior 07220060 + PF-07104091 +
ET + CDK4/6 inhibitors endocrine therapy
NCTO04134884 | HR+ HER2- ABC prior /32 STX727+talazoparib NA
progression on a CDK4/6
inhibitors

Abbreviations: HR, hormone-receptor; HER2, human epidermal growth factor receptor 2; ABC, advanced breast cancer; CDK, Cyclin-dependent kinase; TAM, tamoxifen; LHRHa,
luteinizing Hormone Releasing Hormone analogues; RIB, ribociclib; ER, estrogen receptor; Al, aromatase inhibitor; Ful, fulvestrant; Pal, palbociclib; NA, not available; Onapristone,
a progesterone antagonist; Venetoclax, BCL-2 inhibitor; Ipatasertib, AKT inhibitor; LY3295668 Erbumine, Aurora kinase A inhibitor; Copanlisib, PIK inhibitor; SY-5609, CDK7 inhibitor;
PF-07104091, CDK2 inhibitor; PF-06873600, CDK2/4/6 inhibitor; IMMU-132, Trop-2 directed antibody—drug conjugate; ASTX727, cedazuridine +decitabine.

compared with SOC both in the overall population (2.8 vs.1.9 months, HR=0.70; 95% CI=0.55-0.88; p=0.002) and in
patients with ESR1 mutations (3.8 vs.1.9 months, HR=0.55; 95% CI, 0.39-0.77; p=0.0005).

The SERENA-2 study (NCT04214288) was designed to explore the efficacy and safety of a range of camizestrant doses
administered once daily as a monotherapy in comparison with fulvestrant. Among the patients who received CDK4/6i as
a previous systemic therapy for metastatic disease, the mPFS was 5.5 (95% CI 3.7-10.9), 3.8 (95% CI 2.0-7.6) and 2.1 (95%
CI 1.9-3.7) months in the camizestrant 75mg group, camizestrant 150mg group and fulvestrant 500mg group, respectively.
A clinically meaningful improvement in PFS was observed in patients post-CDK4/61, which requires to be further validated in
more patients who progressed on CDK4/6is.%®
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In contrast, two other phase [ AMEERA-3 and acelERA trials showed no significant difference in PFS between patients
with oral SERDs and those with TPC.%"® Notably, approximately 80% of patients in the AMEERA-3 trial and 40% of
patients in the aceIERA trial were treated with CDK4/6i therapy previously for metastatic disease. Thus, additional clinical
trials are needed to further investigate the role of oral SERDs in the patients with a progression on CDK4/6i.

The above trials involved oral SERD monotherapy, and there was heterogeneity across trials in terms of the proportion of
patients with ESR 1 mutations. The ESR 1-mutant subgroup derived a greater benefit than the ESR 1-wild-type subgroup,’® which
suggests that the ESR1 mutation may be a potential biomarker for identifying ongoing ER dependence in this pretreated
population of patients. Additionally, since the continuation of CDK4/6 inhibition and oral SERDs has been proven effective in
CDK4/6- pretreated HR+/HER2- ABC, the combination of CDK4/6i and oral SERD should also be further investigated in such
populations.

Chemotherapy

In the metastatic setting, chemotherapy alone or in combination with a PD-1/PD-L1 inhibitor or PARP inhibitor is the preferred
treatment for triple-negative breast cancer, and is often used in combination with HER2-targeted therapy for HER2-positive
breast cancer. Although CDK4/6i plus ET is considered as the standard of care for HR+/HER2- mBC, most of patients whose
tumors are ever sensitive to this therapy eventually develop to CDK4/6i resistance. In addition to the drugs mentioned above,
chemotherapy is still an important and essential option for the patients who progress on CDK4/6i. As observed in the main
clinical trials of CDK4/6is, which include PALOMA-2/3, MONALEESA-2/3, and MONARCH-2/3, more than 40% of patients
choose chemotherapy as their next-line therapy.®'! In addition, in the DESTINY-Breast 04 study and TROPICS-02 study, the
patients had received 1-2 lines or 2—4 lines of chemotherapy before entering the studies. Above all these findings demonstrate
that chemotherapy is an effective therapeutic option for HR+/HER2- mBC patients even if they have been previously pretreated
with CDK4/6i. Classic drugs, such as anthracyclines® and taxen,”® and new chemotherapeutics such as capecitabine plus
vinorelbine, eribulin and utidelone, have been shown to be effective for treating ABC in clinical trials.”' "> Therefore, we now
have more choices for first- or later-line chemotherapy.

Other Potential Strategies

Poly (ADP-Ribose) Polymerase Inhibitor (PARPi)

PARPis such as olaparib and talazoparib have been approved by the FDA for mTNBC patients with gBRCA mutations, due to
their meaningful therapeutic effects and manageable side effects in clinical studies.”*”> However, the patients enrolled in these
studies had not previously received any prior CDK4/6i. Recently, the phase II TBCRC 048 study evaluated the activity of
olaparib in 54 mBC patients (75% ER+/HER2-, 19% TNBC, and 6% other subtypes) with germline mutations associated with
homologous recombination defects (HRDs) other than those in BRCA (cohort 1) and somatic mutations, including somatic
BRCA1/2 mutations (cohort 2).”® Confirmed responses were observed only for germline PALB2 (ORR, 82%) and somatic
BRCA1/2 (ORR, 50%) mutations. Notably, 93% (38/41) of the HR+/HER2- mBC patients received CDK4/6i before tumor
progression, and the ORR was 77.7% (7/9) for patients with germline PALB2 mutations and 40% (4/10) for those with somatic
BRCA1/2 mutations, respectively. The study suggested that PARPis are effective treatment for mBC patients with gPALB2 or
sBRCA1/2 mutations, even if they have been treated with CDK4/6i.

CDK?2 Inhibitor

Recent studies have demonstrated the role of the cyclin E-CDK2-Rb cascade, which regulates the late G1/S cell cycle
transition, in BC tumorigenesis and endocrine resistance.”’’* Compared with palbociclib and letrozole alone, preclinical
studies have demonstrated increased efficacy of the non-selective CDK2 inhibitor dinaciclib concurrently with palboci-
clib and letrozole.®® More specific CDK2 inhibitors are currently under evaluation in early-phase trials enrolling patients
with solid tumors including ER+/HER2- breast cancer. These included PF-07104091 (NCT04553133 and
NCT05262400), BLU-222 (NCT05252416), and a CDK2/4/6 inhibitor PF-06873600 (NCT03519178).

CDKZ7 Inhibitor
CDK?7 has dual roles in regulating the cell cycle and transcription; thus, it is considered as a potential target for cancer
therapy. Several selective inhibitors of CDK7, including SY-1365, SY-5609, and XL102, have now progressed to phase I/
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II clinical trials for mBC. NCT03134638 is a phase I study used to evaluate the safety and antitumor activity of SY-1365
in patients with select solid tumors including breast cancer, ovarian cancer and other solid cancers. Cohort 5 included 12
patients with HR+ mBC who progressed on CDK4/6i plus ET treatment, and investigated the benefit of combining SY-
1365 with fulvestrant in this setting. However, the study was terminated for business reasons. NCT04247126 is a study
that explored the role of SY-5609 in metastatic solid cancer. In Group 2 Part 1, patients with HR+/HER2-mBC post-
CDK4/6i treatment were enrolled, and the study is ongoing. Another ongoing study (NCT04726332) on the CDK7
inhibitor XL.102 is also to evaluate in HR+/HER2- mBC patients who progressed on CDK4/6i.

BCL2 Inhibitor
B cell lymphoma 2 (BCL2) is overexpressed in approximately 80% and 70% of ER+ primary and metastatic breast
cancers, respectively.®'"®? A preclinical study showed that venetoclax (a kind of BCL2 inhibitor) may be effective for
treating HR+ mBC.%* The phase II VERONICA study (NCT03584009) compared venetoclax plus fulvestrant with
fulvestrant alone in patients with ER+/HER2- LABC or mBC, following disease progression on a CDK4/6i and ET. The
results showed that venetoclax plus fulvestrant did not significantly improve the CBR (11.8% vs 13.7%) or the mPFS
(2.69 vs 1.94 months) when compared with fulvestrant alone.®** These results do not support for the clinical utility of
venetoclax plus fulvestrant in treating CDK4/6i-refractory mBC. However, additional studies are still needed to explore
the role of BCL2 inhibitors in CDK4/6 resistant HR+/HER2- mBC.

Loss of RB,'*!'>1785 CDK6 overexpression,'® CCNE1 overexpression,’® p16 amplification,*® fibroblast growth factor

87:8% mitotic aurora kinase (AURKA) amplification,® E2F amplification,”® and cyclin-

receptor 1 (FGFR1) amplification,
dependent kinase 2 (CDK2) overexpression'*'>!7°! have also been reported to be associated with CDK4/6i resistance.
Hence, the inhibition of these targets may be effective for patients with CDK4/6i resistance, and the inhibitors for the
above targets associated with CDK4/6i resistance are still in development in clinical trials. Table 3 demonstrates the
ongoing or completed clinical trials on special targets in addition to the cyclin-D1/CDK4/6 complex and the PAM

signaling pathway.

Predict Response of Biomarkers

After progression on CDK4/61, increasing amounts of attention has been focused on the PAM signaling pathway, because
it is activated in approximately >70% of HR+ mBC. This pathway includes PI3K mutation (hyperactivation of the alpha
isoform (p110a) of phosphatidylinositol 3-kinase),”>**> AKT1 mutations, loss of PTEN function, or loss of the regulatory
function of proteins TSC1/TSC2. Thus, biomarker analyses on this signaling pathway may provide definite evidence for
targeted therapy.

In the phase III SOLAR-1 trial, the mPFS in the patients with PIK3CA mutations was 11.0 (95% CI, 7.5-14.5) and
5.7 (95% CI, 3.7-7.4) months in the alpelisib-fulvestrant group and control group, respectively; moreover, there were
significant differences (HR=0.65; 95% CI=0.50-0.85; p<0.001); however, the mPFS in the patients without PIK3CA
mutation was 7.4 (95% CI, 5.4-9.3) and 5.6 (95% CI, 3.9-9.1) months in the alpelisib-fulvestrant group and control
group, with an HR of 0.85, 95% CI, 0.58-1.25).** The alpelisib-based regimen showed greater therapeutic benefit in HR
+/HER2- mBC patients with PIK3CA mutations than in those without PIK3CA mutations. Encouraged by the success of
the SOLAR-1 study, additional prospective studies of PI3K inhibitors are in progress for the patients with PIK3CA
mutation, including the BYLieve study (NCT03056755), the TAKTIC study (NCT03959891), are in progress for patients
with PIK3CA mutations, and the FINER study (NCT04650581).

The results of the FAKTION study revealed an mPFS of 9.5 months in the pathway-altered subgroup for patients
receiving capivasertib (n=28), compared with an mPFS of 5.2 months in the placebo group (n=31; HR 0.59 [95% CI
0.34-1.03]; p=0.0064); and an mPFS of 10.3 months in the pathway non-altered subgroup for patients receiving
capivasertib (n=43), compared with an mPFS of 4.8 months in the placebo group (n=38; HR 0.56 [95% CI=0.33—
0.96]; p=0.0035). These results indicate that patients with HR+/HER2- mBC who progress after receiving prior Al
therapy may benefit from the addition of capivasertib to fulvestrant regardless of pathway status. However, the primary
analysis identified PI3K/AKT/PTEN pathway-altered tumors through tests that had suboptimal sensitivity or were unable
to identify all activating PIK3CA mutations (ddPCR), and 59 (42%) of the patients were identified as pathway-altered
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participants. In the updated analysis, an exploratory subgroup analysis was performed in which an expanded genetic
testing panel, next- generation sequencing (NGS), was used to identify participants with PAM pathway-altered tumors
with increased accuracy. The expanded pathway-altered subgroup accounted for 76 (54%) of the 140 participants in the
ITT population. Subsequent subgroup analysis revealed a significant improvement in PFS in response to capivasertib in
the expanded pathway-altered subgroup (12.8 vs 4.6 months, HR=0.44, 95% CI=0.26-0.72, p=0.001); however, this
improvement was not observed in the expanded pathway non-altered subgroup (7.7 vs 4.9 months, HR=0.70, 95% CI
=0.40-1.25, p=0.23).>" The expanded biomarker results suggest that genomic tumour profiling will be needed to
accurately identify the approximately 50% of patients whose tumors carry relevant PI3K/AKT/PTEN pathway alterations
and will most benefit from capivasertib.

According to exploratory biomarker analyses of the TRINITI study, 89 efficacy-evaluable patients had a baseline
ctDNA biomarker assessment.’® A panel containing 566 genes was used, and the results showed that the frequencies
(exceeding 10%) of the mutations were as follows: PIK3CA (33.7%), ESR1(33.7%), TP53 (19.1%), KMT2C (15.7%),
FOXP1 (12.4%), RB1 (11.2%), and ATM (10.1%). Concomitant PI3KCA and ESR1 mutations were found in 14 patients
(15.7%). There was a similar CBR at week 24 (36.7% vs 36.7%) among patients with PI3KCA mutations and those with
ESR Imutations, respectively. A trend towards longer mPFS was found in patients with either wild-type (wt)PIK3CA or
wtESRI1 at baseline compared with those who with a mutation in the respective gene; and patients with both wtPIK3CA
and wtESR1 at baseline had a numerically longer median PFS than patients who had at least one mutated PIK3CA or
ESR1 gene. Biomarker analysis suggested that the patients with either or both of PIK3CA and ESR1 mutations who had
progressed on prior CDK4/6i treatment may had a relatively worse survival even if they received a triple combination
regimen comprising CDK4/6i, an mTOR inhibitor and ET.

Treatment Related Adverse Effects (TRAEs)

Gastrointestinal disorders, including nausea, vomiting, diarrhea and constipation were the common TRAEs in all the
studies. Of course, gastrointestinal disorders are more common in the patients treated with targeted therapy (PI3K-AKT-
mTOR inhibitors or ADCs).*243:46:47:49.50.60.62 A qditionally, TRAEs are also specific. Hyperglycemia and hypertension
are mainly exhibited in PI3K-AKT-mTOR inhibitors, whereas hematological toxicity occurs more in SG-treated patients.
Any more grade of TRAEs than 10% are demonstrated in Tables 4 and 5.

The most common grade 3—4 AEs in were hyperglycemia (36.6%), rash (9.9%), maculopapular rash (8.8%), and
diarrhea (6.7%) in the alpelisib-fulvestrant group.*** Similarly, the most common grade 3-4 AEs were hypertension
(32%), diarrhoea (14%), and rash (20%) in the capivasertib-treated group.‘“”47 The AEs of everolimus seemed to be
different, which showed grade 3—4 stomatitis (8%), anemia (6%), dyspnea (4%), hyperglycemia (4%), fatigue (4%), and
pneumonitis (3%) in the everolimus-exemestane group.** In the T-DXd group, the most common AEs of grade 3 or
higher were neutropenia (13.7%), anemia (8.1%), and fatigue (7.5%), leukopenia (6.5%).°* In addition, interstitial lung
disease (ILD) remained an important risk factor associated with T-DXd, and occurred in 45 patients (12.1%) who
received T-DXd, including 13 (3.5%) had grade 1, 24 (6.5%) had grade 2, 5 (1.3%) had grade 3, and 3 (0.8%) had grade

Table 4 Clinical Trials on Oral SERDs After CDK4/6i Progression

Drug Elacestrant Camizestrant Amcenestrant Giredestrant

MOA Oral SERD Oral SERD Oral SERD Oral SERD

Study name EMERALD® SERENA-2% AMEERA-3%’ acelERA®®

Phase 11l 1l I 1l

n 466 220 290 303

Prior CDK4/6i 100% 50% 80% 40%
(Continued)
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Table 4 (Continued).

Drug Elacestrant Camizestrant Amcenestrant Giredestrant

Adverse Effects
>10%)

Nausea (35%)
Fatigue (19%)
Vomiting (19%)

Photopsia (24.7%)
Bradycardia (26%)
Fatigue (17.8%)
Anemia (15.1%)
Asthenia (15.1%)
Arthralgias (12.3%)

Nausea (20.3%) ® Hepatotoxity (23.6%)
Vomiting (19.6%) |® Muscoluskeletal (15.0%)
Arthralgia (14.0%) |® Arthralgias (12.1%)
Decreased .
Appetite (14.8%) °
Arthralgia (14.3%)

.
.
.
° Back pain (13.3%) Fatigue (13.9%)
.

.

® Diarrhea (13.9%)

.

.

.

.

.

.

Headache (12.6%) Nausea (10.1%)
Fatigue (11.2%)
Diarrhea (10.5%)

Back pain (13.9%)
AST increased (13.1%)
Constipation (12.2%)
Headache (12.2%)
Hot flashes (11.4%)
Dyspepsia (10.1%)

Abbreviations: MOA, mechanism of action; SERD, selective estrogen receptor degrader.

Table 5 Clinical Trials of ADCs and Inhibitors Targeting PI3K-AKT-mTOR

Drug Alpelisib-FUL Capivasertib- Everolimus-EXE Trastuzumab deruxtecan Sacituzumab
FUL Govitecan
MOA PI3K inhibitor AKT inhibitor mTOR inhibitor ADC ADC
Study SOLAR-1% FACTION* BOLERO-2* DESTINY-Breast04° TROPICS-02¢°
Phase 1 1l m m 1
Adverse Effects |® Hyperglycemia ® Hypertension ® Stomatitis (62%) ® Nausea (73%) ® Neutropenia
>10%) (63.7%) (91%) ® Rash (42%) ® Fatigue (47.7%) (70%)
® Diarrhea (57.7%) ® Diarrhoea (81%) |® Fatigue (37%) ® Alopecia (37.7%) ® Diarrhea (57%)
® Nausea (44.7%) ® Fatigue (58%) ® Diarrhea (34%) ® Vomiting (34%) ® Nausea (55%)
® Decreased appetite |® Nausea (55%) ® Nausea (30%) ® Neutropenia (33.2%) ® Alopecia (46%)
(35.6%) ® Hyperlipidemia ® Appetite decrease |® Anemia (33.2%) ® Fatigue (37%)
® Rash (35.6%) (53%) (29%) ® Decreased appetite (28.0%) |® Anemia (34%)
® Vomiting (27.1%) ® Rash (52%) ® Weight loss (27%) |® Thrombocyopenia (23.7%) |® Asthenia (20%)
® Weight loss (26.8%) |® Hyperglycaemia ® Headache (26%) ® Increased ALT (23.5%) ® Vomiting (19%)
® Stomatitis (24.6%) (42%) ® Cough (25%) ® Leukopenia (23.2%) ® Constipation
® Fatigue (24.1%) ® Vomiting (40%) ® Dysgeusia (23%) ® Diarrhea (22.4%) (18%)
® Asthenia (20.4%) ® Proteinuria (38%) |® Arthralgia (21%) ® Constipation (21.3%) ® Decreased appe-
® Alopecia (19.7%) ® |nfection (37%) ® Peripheral edema |® Increased ALT (23.5%) tite (15%)
® Mucosal inflamma- |® Back pain (24%) (21%) ® |Interstitial lung disease |® Leukopenia
tion (18.3%) ® Urea (high) (18%) |® Dyspnea (20%) (12.1%) (14%)
® Pruritus (18.0%) ® Creatinine ® Vomiting (18%) ® LVEF (11.9%) ® Abdominal pain
® Headache (17.6%) increased (16%) [® Anemia (17%) (13%)
® Dysgeusis (16.5%) |® Abdominal pain |® Pyrexia (17%) ® | ymphopenia
® Arthralgias (11.2%) (15%) ® Pneumonitis (17%) (12%)
® Hot flashes (15%) |® Back pain (15%)
® Insomnia (15%)
® Thrombocytopenia
(12%)
Abbreviations: Exe, exemestane; ALT, amino transaminases; LVEF, left ventricular ejection fraction.
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5 events.®® In the TROPICS-02 study, the most common grade 3 or higher treatment-related AEs (>5% incidence) were
neutropenia (51%), leukopenia (9%), diarrhea (9%), anemia (6%), and fatigue (6%) in the SG group.6°

Discussion

Due to the amazing success of prolonging the PFS and OS, CDK4/6 inhibitors have gradually been promoted from
late- to first- and second-line treatment for patients with HR+/HER2- mBC. However, in the metastatic setting, secondary
resistance eventually develops regardless of the effectiveness of a CDK4/6i. Currently, treatment with CDK4/6is is
unsatisfactory. Thus, how to summarize the emerging prospective clinical trials to overcome CDK4/6i resistance is an
urgent and important research topic. Given the diverse mechanisms of resistance, a one-size-fits-all approach may not
always be appropriate.

Optimal sequencing of treatment options depends on the following issues: (1) the presence of specific molecular
aberrations at a specific time point, such as acquired ESR1 mutations, or PI3K-AKT-mTOR pathway alterations; (2) the
comparative efficacy of selected treatment relative to current gold standard treatment paradigms; (3) previous treatment
history, duration of treatment response and patient’s physical status; and (4) the balance between maximizing survival
benefits and quality of life (QOL), and financial and other toxicities during the whole treatment journey.

Therefore, based on the emerging evidence, we believe that rebiopsy of tumor is vital for future therapy. Molecular
profiling, including ESR1 mutations, PI3K-AKT-mTOR pathway alterations may provide definite targets for therapy. For
patients with ESR1 mutations, oral SERDs are the preferred option; for patients with PI3K-AKT-mTOR pathway
alterations, the inhibitors of this signaling pathway including alpelisib, capivasertib, and everolimus-based regimens should
be used. For patients without above definite mutations or alterations, or with a short duration of CDK4/6i treatment,
chemotherapy and ADCs should be preferred considered. While earlier introduction of a highly efficacious drug, especially
an ADC, may prolong PFS and OS to a greater extent, the impact on long-term toxicities, including financial burden, cost-
effectiveness and QOL, should also be considered. Therefore, in current clinical practice, ADCs such as T-DXd and SG are
often used after one or two lines of chemotherapeutic drugs.

With a better understanding of the mechanisms of CDK4/6i resistance, additional mutations leading to acquired
mechanisms could be identified, and we can use these mutations as targets and develop drugs to treat these mutations,
which could provide individualized treatment options. In the near future, targeted therapy to treat meaningful mutations
could benefit patients more, and future treatments will be more precise.
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