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Simple Summary: Abemaciclib, dalpiciclib, palbociclib and ribociclib have all demonstrated signifi-
cant improvements in progression-free survival in advanced disease. However, to date, abemaciclib
and ribociclib are the only CDK4/6 inhibitors shown to improve the overall survival in patients
with metastatic breast cancer. Moreover, abemaciclib is the first CDK4/6 inhibitor to also reduce
the risk of recurrence in those with early-stage disease. Thus, achieving significant improvements
in survival rates in the advanced and early breast cancer treatment setting, CDK4/6 inhibitors are
the first substances in almost two decades to substantially change the standard of care for advanced
breast cancer patients. This review is designed to discuss the recent history, current role, future
directions and opportunities of this substance class.

Abstract: Purpose of review: Tamoxifen and aromatase inhibitors can be considered as some of the
first targeted therapies. For the past 30 years, they were the endocrine treatment standard in the
advanced and early breast cancer setting. CDK4/6 inhibitors, however, are the first substances in
almost two decades to broadly improve the therapeutic landscape of hormone receptor-positive
breast cancer patients for the upcoming years. This review is designed to discuss the recent history,
current role, future directions and opportunities of this substance class. Recent findings: The CDK4/6
inhibitors abemaciclib, dalpiciclib, palbociclib and ribociclib have all demonstrated a statistically
significant improvement in progression-free survival in advanced disease. However, to date, abemaci-
clib and ribociclib are the only CDK4/6 inhibitors to have shown an improvement in overall survival
in patients with metastatic breast cancer. Moreover, abemaciclib is the first CDK4/6 inhibitor to also
reduce the risk of recurrence in those with early-stage disease. Further CDK inhibitors, treatment
combinations with other drugs and different therapy sequences are in development. Summary:
Achieving significant improvements in survival rates in the advanced and early breast cancer treat-
ment setting, CDK4/6 inhibitors have set a new standard of care for patients with advanced breast
cancer. It remains important to better understand resistance mechanisms to be able to develop novel
substances and treatment sequences.

Keywords: breast cancer; endocrine treatment; CDK4/6 inhibitor; abemaciclib; dalpiciclib; palbociclib;
ribociclib

1. Introduction

The development of endocrine treatment (ET) for breast cancer (BC) patients started
at the end of the 19th century when Sir George Thomas Beatson found out that a bilateral
oophorectomy results in an improvement in advanced breast cancer (aBC) lesions [1]. How-
ever, the discovery and investigation of drugs targeting the hormone receptor took almost
80 years. Thus, in the 1970s, with tamoxifen as a selective estrogen receptor modulator
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(SERM), the first target therapy was approved for the treatment of hormone receptor-
positive BC patients [2]. Two decades later, in the 1990s, a group of further substances—the
aromatase inhibitors (AIs) anastrozole, exemestane and letrozole—received approval sta-
tus as, compared to tamoxifen, they improved the outcome of postmenopausal women
with aBC [3,4]. These were followed soon by the approval of fulvestrant in 2002, a se-
lective estrogen receptor degrader (SERD) that led to a longer duration of response than
anastrozole in postmenopausal patients [5]. Due to positive study results, all of the above-
mentioned therapeutics but fulvestrant reached the treatment setting of non-advanced
BC [6,7]. Therefore, being successful in the therapy of advanced as well as early breast
cancer (eBC) patients, tamoxifen and AIs have set the ET standard for the past 30 years and
were later only complemented by potential additional ovarian function suppression (OFS)
with a gonadotropin-releasing hormone agonist to further reduce hormone blood levels in
premenopausal women [8].

The introduction of everolimus represents a milestone in the treatment of hormone
receptor-positive, HER2-negative BC patients. For the first time, endocrine resistance could
be overcome for patients with advanced disease [9]. Furthermore, Alpelisib was the second
therapy to show that endocrine resistance could be overcome in patients with PIK3CA-
mutated hormone receptor-positive, HER2-negative aBC [10]. However, everolimus did
not achieve an improvement in outcomes in the early therapy setting [11]. Figure 1 shows
the diverse pathways within the cell cycle that are potential contributors to ET resistance.

Inhibitors of the cyclin-dependent kinase 4/6 (CDK4/6i) are the first substances
in almost two decades to be effective in both advanced and early BC patients. Having
improved survival outcomes in stage IV disease first and being later additionally successful
in the therapy of stage II and III BC, CDK4/6i in combination with ET substantially
improved the therapeutic landscape of hormone receptor-positive disease and became the
new standard of care [12,13].
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E2: estradiol; E2F: transcription factor; ERalpha: estrogen receptor alpha; ESR1: estrogen receptor 1
gene; mTOR: mammalian target of rapamycin; PI3K: phosphatidylinositol 3-kinase; Rb: retinoblas-
toma protein; SERD: selective estrogen receptor degrader; SERM: selective estrogen receptor mod-
ulator. In HR-positive BC cells, different mechanisms may lead to hyperactivation of the cyclin
D-CDK4/6-retinoblastoma pathway. The activation of the PI3K-AKT-mTOR pathway can increase
cyclin D levels or enhance its activity through post-translational mechanisms. Moreover, in contrast
to triple-negative BC cells, where Rb is mostly absent or dysfunctional, in HR-positive BC cells, it is
usually retained. Genomic factors, which encode for the endogenous inhibition of the CDK4/6 or are
involved in the transcription of the estrogen receptor, explain why CDK4/6 plays a significant role
in HR-positive BC in special. Regarding resistance mechanisms, mutations (e.g., FAT1) and a loss
of functional Rb in particular are discussed to be associated with de novo and acquired CDK4/6i
resistance [16].

2. The Early Development of CDK4/6 Inhibitors in Patients with Hormone
Receptor-Positive, HER2-Negative Advanced Breast Cancer
2.1. Impact on Progression-Free Survival

The first CDK4/6i to be tested in human breast cancer cell lines was palbociclib
(Ibrance®, PD-0332991, Pfizer, New York, NY, USA). It showed an effect, especially in hor-
mone receptor-positive and HER2-amplified cell lines, which was the reason for its further
development [17]. In two randomized phase III trials, it later demonstrated a statistically
significant prolongation of progression-free survival (PFS), changing the standard-of-care
treatment of women with hormone receptor-positive, HER2-negative aBC [18,19]. Soon
after, two other substances inhibiting the CDK4/6 could show similar results. In several
trials, abemaciclib (Verzenio®, LY2835219, Lilly, Indianapolis, IN, USA) and ribociclib
(Kisqali®, LEE011, Novartis, Basel, Switzerland) also significantly improved the PFS of
women suffering from aBC [20–24]. Later, dalpiciclib (Ai Rui Kang, SHR6390, Jiangsu
Hengrui, Lianyungang, Jiangsu Province, China)—a fourth drug from this family—could
also show a benefit with regard to PFS [25,26]. In some of those trials, especially in the
first line, patients using CDK4/6i were free from disease progression for up to 30 months
(Table 1).
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Table 1. Efficacy of CDK4/6 inhibitors in hormone receptor-positive, HER2-negative aBC phase III trials (in alphabetical and numerical order; adapted and updated
from [27]).

Study
Name ET Partner Sample Size Rando-

mization

Median PFS in Months
(PFS = Primary Endpoint)

Median OS in Months
(OS = Secondary Endpoint)

with
CDK4/6

Inhibitor

without
CDK4/6

Inhibitor
HR 95% CI

Statistically
Significant

as per
Protocol

with
CDK4/6

Inhibitor

without
CDK4/6

Inhibitor
HR 95% CI

Statistically
Significant

as per
Protocol

MONARCH-
2

[24,28]
Fulvestrant 669 2:1 16.4 9.3 0.55 0.45–0.68 yes 45.8 37.3 0.78 0.64–0.96 yes

ET +/−
Abemaci-

clib
MONARCH-

3
[23,29]

AI 493 2:1 28.2 14.8 0.54 0.42–0.70 yes 67.1 54.5 0.75 0.58–0.97

Final analys
is not

reported yet
1

DAWNA-1
[26] Fulvestrant 361 2:1 13.6 2 7.7 2 0.45 2 0.32–0.64 2 yes 2 Final analys is not reported yet

ET +/−
Dalpiciclib DAWNA-2

[25] AI 456 2:1 30.6 18.2 0.51 0.38–0.69 yes Final analys is not reported yet

PALOMA-2
[18,30] AI 666 2:1 24.8 14.5 0.58 0.46–0.72 yes 53.9 51.2 0.96 0.78–1.18 no

ET +/−
Palbociclib PALOMA-3

[19,31] Fulvestrant 521 2:1 9.5 4.6 0.46 0.36–0.59 yes 34.9 28.0 0.81 0.64–1.03 no

MONALEESA-
2

[22,32]
AI 668 1:1 25.3 16.0 0.57 0.46–0.70 yes 63.9 51.4 0.76 0.63–0.93 yes

MONALEESA-
3

[21,33]
Fulvestrant 726 2:1 20.5 12.8 0.59 0.48–0.73 yes 53.7 41.5 0.73 0.59–0.90 yesET +/−

Ribociclib
MONALEESA-

7
[20,34]

OFS plus
tamoxifen or

AI
672 1:1 23.8 13.0 0.55 0.44–0.69 yes 58.7 48.0 0.76 0.61–0.96 yes

aBC: advanced breast cancer; AI: aromatase inhibitor; CI: confidence interval; ET: endocrine treatment; HR: hazard ratio; OFS: ovarian function suppression; OS: overall survival; PFS:
progression-free survival; Tam: Tamoxifen. 1 An interim analysis has been reported [29]. 2 As assessed by an independent review committee.
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2.2. Improvement in Overall Survival

Despite a partly diverse side effect profile between the substances, the positive PFS
results throughout all trials implied a CDK4/6i class effect. This was questioned when
overall survival (OS) outcomes in the advanced setting and outcome differences in the early
treatment setting were reported. To date, OS results have been published for palbociclib,
abemaciclib, and ribociclib [30–35], while those for dalpiciclib are yet to come. With a hazard
ratio (HR) of 0.81 and a 95% confidence interval (CI) of 0.64–1.03 in the PALOMA-3 [31], and
a HR of 0.96 and a 95% CI of 0.78–1.18 in the PALOMA-2 trial [30], palbociclib failed to show
any OS benefit in both studies. While abemaciclib has already proven its efficacy regarding
the OS in the MONARCH-2 study (HR 0.78; 95% CI 0.64–0.96) when being combined
with fulvestrant in women who had not received chemotherapy and had a maximum of
one prior ET for aBC [28], results from the MONARCH-3 trial in first-line patients are
pending. For ribociclib, a consistent, statistically significant OS benefit could be shown in
all three MonaLEEsa studies that is independent from the menopausal status or the ET
partner (AI or fulvestrant) [32–34]. In the MonaLEEsa-2 trial, for instance, postmenopausal
aBC patients treated with ribociclib and letrozole as first-line therapy achieved, with a
median OS of 63.9 months, an OS prolongation of more than 12 months compared to the
51.4 months under endocrine monotherapy (HR 0.76; 95% CI 0.63–0.93) [32] (Table 1). It is
of interest why these CDK4/6 inhibitors, despite being from the same drug family, lead to
significantly different OS results. Potential reasons that are discussed are differences in the
study designs and patient populations, but also in the substances’ pharmacology, affinity or
in the binding to a specific side (more CDK4 than CDK6 and vice versa, for instance) [36].

2.3. CDK4/6i vs. Chemotherapy

The introduction of CDK4/6i led to a shift in the 1st and 2nd treatment lines of the
therapeutic landscape. While, according to a German breast cancer registry, in 2015, almost
40% of the first-line patients received chemotherapy, this rate was significantly reduced
by 2018 to 25% when all three inhibitors were available [37]. Three years later, in 2021,
already, almost 75% of the first-line population was treated with a CDK4/6i and only
15% with chemotherapy [38]. This rapid implementation of CDK4/6i in the treatment
of aBC caused further investigations regarding its comparability to chemotherapy. With
regards to the PFS, it could be shown that no chemotherapy regimen with or without
targeted therapy is significantly better than CDK4/6i in the 1st and 2nd treatment lines [39].
The above-mentioned German breast cancer registry could even demonstrate, in a recent
analysis, that compared to patients treated with CDK4/6i or an ET monotherapy, those
under chemotherapy in the first line had the most unfavorable prognosis regarding both
the PFS and the OS. One possible reason for this outcome might also be that patients
who are selected to receive chemotherapy as first-line treatment are those with a worse
prognosis [38]. The PEARL trial was primarily designed to show the superiority of a
palbociclib-based regimen compared to capecitabine. However, statistical significance
could not be demonstrated, neither regarding the PFS nor the OS [40,41]. The RIGHT
Choice study specifically analyzed the situation of pre- and perimenopausal women with
aggressive disease, defined mostly by visceral metastases or rapid disease progression. In
this patient population, it compared, as the first prospective trial, a ribociclib-based regimen
to combinational chemotherapy in the first-line treatment setting. Ribociclib + ET could
show a statistically significant PFS benefit of almost one year over chemotherapy (24.0 vs.
12.3 months; HR 0.54; 95% CI 0.36–0.79) [42]. On the basis of a better toxicity profile and
quality of life (QoL) and at least similar or even better efficacy compared to chemotherapy,
ET-based regimens in combination with CDK4/6i became the preferred treatment choice,
even in patients with aggressive disease [12].
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2.4. Resistance Mechanisms and Mutations

The question remains as to which resistance mechanisms lead to disease progression
under CDK4/6i (Figure 1), how to treat these patients afterwards and whether a therapy
with another CDK4/6i beyond progression makes sense. Novel treatment combinations
will be discussed in Section 5. One study, however, that addressed the question on treat-
ment beyond progression is MAINTAIN, a randomized, phase II trial of fulvestrant or
exemestane, with or without ribociclib, after progression on CDK4/6i-based therapy in
patients with aBC. Thus, 84% of the study population received palbociclib (n = 100), 11%
ribociclib (n = 13) and 2% abemaciclib (n = 2) prior to the study treatment. Patients ran-
domized to ribociclib plus fulvestrant or exemestane had, compared to those under ET
without a CDK4/6i, a statistically significant PFS improvement (median PFS 5.33 months
vs. 2.76 months; HR 0.59; 95% CI 0.38–0.91). At one year, 25% of the women on ribociclib
+ ET were still free from disease progression vs. only 7% of those on placebo + ET. Data
on OS are pending [43]. This approach shows that even after disease progression on the
first CDK4/6i, there is still some significant efficacy under a subsequent one. However,
it is unclear whether this effect is restricted to the specific sequence of ribociclib being
the second CDK4/6i. The phase III postMONARCH study (NCT05169567) is currently
enrolling patients who progressed on a CDK4/6i, either in the adjuvant setting or as initial
therapy for advanced disease, to be randomly assigned to fulvestrant plus abemaciclib or
placebo [44]. The phase II PALMIRA study (NCT03809988) investigates the option of a
palbociclib rechallenge in patients pre-treated with palbociclib [44].

Another trial found out that the ET partner for CDK4/6i also plays a significant role
regarding the patients’ outcome. Women with aBC who were under an AI and palbociclib
were screened in the PADA-1 study for a bESR1 mutation and then randomized 1:1 to either
a continuation of the previous treatment with palbociclib plus the AI or to palbociclib plus
fulvestrant instead of the AI. Median PFS from random assignment was 11.9 months in the
palbociclib and fulvestrant group vs. 5.7 months in the palbociclib and AI group (HR 0.61;
95% CI 0.43–0.86). This way, PADA-1 was the first randomized prospective trial to show, in
bESR1-mutated patients, that the type of ET a CDK4/6i is combined with has a relevant
impact on the patients’ prognosis [45].

These examples demonstrate that further investigations are needed to better under-
stand resistance mechanisms associated with the progression on ET in combination with
CDK4/6i. Phase IV trials, such as CAPTOR (NCT05452213) with ribociclib or Minerva
(NCT05362760) with abemaciclib, for instance, are designed to analyze biomarkers influ-
encing the efficacy and resistance in aBC patients treated with each CDK4/6i [44].

3. Advancements in the Endocrine Treatment of Hormone Receptor-Positive,
HER2-Negative Early-Stage Breast Cancer Patients

As mentioned above, ET consisting of Tamoxifen and AIs (+/− OFS) has been the
standard of care in eBC patients for the past few decades. Mostly, a drug that is successful
in the therapy of advanced disease is investigated in the early stage, too. Thus, due to the
positive results in aBC, several studies analyzed the efficacy of CDK4/6i in eBC (Table 2).
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Table 2. Efficacy of CDK4/6 inhibitors in hormone receptor-positive, HER2-negative eBC phase III trials at the latest analysis (in alphabetical order).

Study Name ET Partner Sample Size Rando-mization

Duration of
CDK4/6

Inhibitor
Therapy

DFS Rate

Latest Analysis with CDK4/6
Inhibitor

without CDK4/6
Inhibitor HR 95% CI

Statistically
Significant as
per Protocol

ET +/−
Abemaciclib

monarchE
[46]

AI or Tam +/−
OFS 5637 1:1 2 years year 4 85.8% 79.4% 0.66 0.58–0.76 yes

ET +/−
Dalpiciclib

SHR6390-III-303
[44] - 1 4350 1:1 - 1 not reported yet

PALLAS
[47]

AI or Tam +/−
OFS 5796 1:1 2 years year 4 84.2% 84.5% 0.96 0.81–1.14 noET +/−

Palbociclib Penelope-B
[48]

AI or Tam +/−
OFS 1250 1:1 1 year year 3 81.2% 77.7% 0.93 0.74–1.17 no

ET +/−
Ribociclib NATALEE AI +/− OFS 5101 1:1 3 years not reported yet

AI: aromatase inhibitor; CI: confidence interval; DFS: disease-free survival; eBC: early breast cancer; ET: endocrine treatment; HR: hazard ratio; OFS: ovarian function suppression; Tam:
Tamoxifen. 1 Data unknown at time of manuscript writing.
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3.1. Palbociclib Failing to Improve Invasive-Disease-Free Survival

As palbociclib was the first inhibitor from this family to be developed for the indi-
cation of metastatic BC, it was also the first one to be investigated in the early treatment
setting. The multi-center phase III PALLAS trial enrolled 5796 patients with stage II and
III disease to be randomly assigned to ET plus two years of additional palbociclib or ET
alone. In the second planned interim analysis, no difference could be seen between the
two treatment arms with regards to the 3-year invasive-disease-free survival (iDFS), so
that the regimen was not recommended for this indication [49]. The results were con-
firmed by the final analysis at year four [47]. Another phase III study, Penelope-B, was
investigated in parallel to the PALLAS palbociclib in patients with residual disease after
neoadjuvant chemotherapy (NACT) and a high risk of recurrence defined by the CPS-EG
score (clinical pathological staging-estrogen receptor grading score). In total, 1250 patients
were randomized to ET plus either 13 cycles of palbociclib or placebo. However, similar
to the PALLAS outcome, Penelope-B could not show any improvement in the iDFS in
patients under additional palbociclib [48], making this CDK4/6i mainly a player in stage IV
disease. Further studies with smaller sample sizes, such as the Appalaches (NCT03609047)
comparing ET plus palbociclib to chemotherapy in elderly patients, the POLAR study
(NCT03820830) investigating the efficacy of the same treatment combination in patients
with isolated locoregional BC recurrence or the TRAK-ER (NCT04985266) treating ctDNA
positive patients with palbociclib plus fulvestrant vs. standard ET, are ongoing [44].

3.2. Abemaciclib as the First New Drug in Two Decades to Complement Curative ET in
Node-Positive Patients

Assuming, based on the exceptional OS improvement with ribociclib and abemaciclib
in advanced disease, that the ET of the woman with eBC is also on the brink of a new era,
this theory was first proven using abemaciclib. The monarchE, a multi-center randomized
phase III trial, demonstrated, at an interim analysis in 5637 node-positive patients, a
significant benefit of the addition of two years of abemaciclib to ET compared to ET alone.
Further, 2-year iDFS rates were 92.2% vs. 88.7%, respectively (HR 0.75; 95% CI, 0.60–
0.93) [50], resulting in an absolute delta of 3.5% between the study arms. As in other
trials, such as Penelope-B, for instance, survival curves seemed to separate during the
first few years but united at a later stage; further results from monarchE were awaited
to see a clearer difference. At the 4-year analysis, the CDK4/6i again showed a better
iDFS rate compared to the control arm (85.8% vs. 79.4%, respectively; HR 0.66; 95% CI
0.58–0.76) and the benefit even deepened over time, so that the absolute improvement grew
to 6.4% [46]. Abemaciclib was approved by the FDA in 2021 in combination with ET for
the therapy of node-positive patients with eBC and a high risk of recurrence [51]. A recent
prespecified exploratory analysis from monarchE, looking mainly at patients who received
NACT, could even extend the positive data situation for abemaciclib. Out of a total of 2056
node-positive patients pre-treated with NACT, the 2-year iDFS rate in the CDK4/6i arm
was 6.6% better than in the control arm without the CDK4/6i (87.2% vs. 80.6%, respectively;
HR 0.61; 95% CI 0.47–0.80), resulting in a 39% relative reduction in the risk of developing
an iDFS event [52]. Thus, abemaciclib is not only the first CDK4/6i but, in general, the first
drug in more than 20 years since the approval of AIs to be effective in hormone receptor-
positive, HER2-negative eBC. While final OS results from the monarchE are pending, other
trials that aim to analyze the role of abemaciclib in specific patient cohorts are ongoing.
The ADAPTlate (NCT04565054), for instance, was designed to show whether abemaciclib
added to an ongoing ET one to six years after BC diagnosis, i.e., “late”, is still effective. The
POETIC-A (NCT04584853), however, is targeting postmenopausal women whose Ki-67
is persistently high after neoadjuvant ET, indicating endocrine resistance. In both trials,
patients were randomized 1:1 to adjuvant ET alone or in combination with two years of
abemaciclib [44].



Cancers 2023, 15, 1763 9 of 18

3.3. Ribociclib with the Potential of Covering the Unmet Need in Stage II Disease

The third CDK4/6i ribociclib is also being investigated in the curative adjuvant setting
within the multi-center phase III NATALEE (NCT03701334) trial. In total, 5101 patients
with stage II and III disease were enrolled in the study to be randomly assigned to three
years of ribociclib + ET vs. ET monotherapy [44]. In contrast to the above-mentioned
trials with other CDK4/6i, ribociclib is not only used in a smaller dose in eBC than in aBC
(400 mg vs. 600 mg, respectively) but is also a CDK4/6i that is combinable only with AI
+/− OFS due to a prolongation of the QT interval when combined with tamoxifen [20].
However, a recent meta-analysis of 7030 premenopausal women from four randomized
trials found out that, compared to tamoxifen + OFS, premenopausal women with a higher
risk of recurrence have a better outcome under AI + OFS. The rate of BC recurrence was
lower for women under an AI (rate ratio = RR 0.79; 95% CI 0.69–0.90) [53], so that the
treatment combination from the NATALEE trial in stage II and III patients with an increased
risk of recurrence seems feasible and logical. The main difference between the NATALEE
and the monarchE trials is that, while the monarchE investigated only patients with axillary
lymph node metastases, in case of positive study results from NATALEE, ribociclib could
be used not only in node-positive but also in node-negative patients (partly with additional
risk criteria), covering the currently unmet need in this population, too. Study results are
expected to be presented in the near future. Meanwhile, the ADAPTcycle (NCT04055493)
compares ET plus 600 mg of ribociclib to chemotherapy in women with an intermediate risk
of recurrence according to the Oncotype DX recurrence score. It is one of few trials in the
curative treatment setting comparing an ET-based regimen directly to chemotherapy [44].

3.4. CDK4/6i as Neoadjuvant Therapy

Some trials have investigated the role of CDK4/6i also in neoadjuvant therapy. In
the single-arm NeoPalAna trial, patients with stage II and III BC received palbociclib plus
anastrozole after four weeks of anastrozole monotherapy and underwent serial biopsies
prior to breast surgery. The complete cell cycle arrest (CCCA) rate at C1D15 of palbociclib
was significantly higher than under anastrozole alone at C1D1 (87% vs. 26%, respectively,
p < 0.001) [54]. In the randomized phase II NeoPal study, 106 patients with stage II and III
disease were enrolled, but this time, they were randomized to be treated with neoadjuvant
palbociclib plus ET vs. chemotherapy. Both arms led to poor pathological complete
response (pCR) rates (3.8% under ET + palbociclib and 5.9% under chemotherapy) and the
study did not meet its primary endpoint [55]. Recently published survival outcomes did not
differ between both arms, suggesting that a neoadjuvant letrozole-palbociclib strategy may
allow chemotherapy to be spared in some patients [56]. Similar trials were performed with
abemaciclib and ribociclib. In neoMonarch, patients treated with neoadjuvant abemaciclib
achieved significant CCCA rates compared to those treated with anastrozole alone [57]. The
phase II CORALLEEN trial compared six cycles of neoadjuvant letrozole and ribociclib to
four cycles of chemotherapy and could show, with the help of PAM50 before–after analyses,
that some patients with high-risk BC treated with ribociclib could achieve molecular
downstaging at the time of surgery [58]. These results show that there is some potential
for CDK4/6i also in the neoadjuvant treatment as it seems to have a certain impact on cell
proliferation in eBC.

4. Impact on Patients’ Adherence and Quality of Life

No treatment is useful if patients’ adherence and QoL suffer significantly. It is well-
known, especially in the adjuvant ET setting, that adherence rates under AIs, for instance,
decrease over the course of treatment, mainly due to adverse events (AEs) or certain charac-
teristics [59,60]. However, despite having a life-threatening disease, even women with aBC
terminate ET prematurely because of AEs [61]. As non-compliance and non-persistence are
associated with a worse prognosis in BC patients [62] and any disease progression is, in
turn, associated with a reduction in QoL [63], adherence and QoL under the combination of
ET and CDK4/6i, that bring their own side effect profile with them, are of special interest.
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The randomized trials in aBC have shown, across all CDK4/6i, that the QoL is either
not significantly affected by the CDK4/6i or is even improved [64–70]. Analyses from the
MonaLEEsa-2, -3 and -7 studies have, moreover, demonstrated that required dose modifica-
tions of ribociclib have no negative influence on survival outcomes [71,72]. Thus, doubts
regarding patients’ outcome should not hinder physicians in reducing the medication
in case of AEs, as the latter might result in patients’ non-persistence, leading to a worse
prognosis.

Studies in eBC have further described patients’ adherence under CDK4/6i. In the PAL-
LAS trial, 42.2% stopped palbociclib before two years of treatment were completed, out of
which the majority, namely 27.2%, discontinued due to AEs. However, ET non-persistence
rates did not differ between the two treatment arms [73]. Penelope-B confirmed discontinu-
ation rates within one year of treatment with palbociclib. Overall, 17.5% terminated study
treatment (3.0% because of AEs) and only 5.1% ET [48]. In the monarchE study, 25.8% of
patients discontinued abemaciclib for reasons other than recurrence, including 18.5% due to
AEs. Most of those who terminated CDK4/6i treatment continued receiving ET, while 6.5%
discontinued both the CDK4/6i and the ET partner because of AEs. In the control arm, only
1.1% was non-persistent with ET [74], indicating that the combinational treatment seems to
be associated with a higher risk of discontinuing the complete therapy. The dose-escalation
study TRADE (NCT number not known at time of manuscript writing) will investigate
the question of whether a titration of abemaciclib results in better adherence rates and
less premature treatment discontinuations. Data from the NATALEE trial will reveal more
about persistence rates and QoL outcomes under ribociclib in eBC setting.

When a decision is to be made between the substances, the treating physician must not
only consider the survival and QoL data of each CDK4/6i but also the patients’ perspective
of associated AEs. A survey among 209 oncologists and 304 patients was performed to see
which AEs are key drivers for their therapy preferences. Among other risks, such as the risk
of dose reduction due to AEs, risk of abdominal pain and the need for electrocardiogram
monitoring, both groups rated risks of diarrhea (25% each) and grade 3/4 neutropenia (20%
and 24%, respectively) as the most important attributes for treatment choice [75]. Figure 2
provides an overview of the most relevant AEs under the treatment with a CDK4/6i
according to the phase III trials.

Despite ET adherence rates in need of improvement, in general, the treatment remains
one of the best tolerable cancer therapies available. Still, the addition of a further substance
such as the CDK4/6i to ET complicates patients’ adherence. Those at risk of early treatment
discontinuation, e.g., because of deteriorating AEs, should, therefore, be more in focus to
ensure timely side effect management, potential dose modification and patients’ compliance.
Adherence programs in terms of digital health solutions might be one possible option to
enable fast communication between the patient and the treating physician.
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5. Modern Therapy Approaches and New Opportunities
5.1. The Role of HER2

HER2 positivity seems to be associated with higher levels of CDK4/6 activity, enabling
response to CDK4/6i in this BC subtype [76]. In the primary preclinical cell culture
experiments, a reasonable response to palbociclib was seen in both HER2-positive and
hormone receptor-positive BC cell lines [17]. Several trials have, therefore, analyzed the role
of CDK4/6i in HER2-positive BC. Early-phase studies with trastuzumab in combination
with palbociclib or ribociclib, respectively, demonstrated, in general, a working treatment
concept with good tolerability [77,78]. The MonarcHER, a phase II trial with a total of
237 patients, compared, in a three-arm design, a treatment with abemaciclib, trastuzumab
and fulvestrant to abemaciclib with trastuzumab to standard-of-care chemotherapy with
trastuzumab. The combination of abemaciclib, trastuzumab and fulvestrant significantly
improved PFS compared to chemotherapy with trastuzumab (8.3 months and 5.7 months,
respectively; HR 0.67; 95% CI 0.45–1.00), while there was no difference between abemaciclib
with trastuzumab and chemotherapy with trastuzumab (HR 0.94; 95% CI 0.64–1.38) [79],
also meaning that the ET backbone plays a significant role for the efficacy of a CDK4/6i.

Patients with HER2-positive aBC previously treated with trastuzumab and a taxane
received, in further trials, T-DM1 combined with a CDK4/6i. Again, a good safety profile
was seen, demonstrating that with an antibody–drug conjugate, even more aggressive
treatment partners can be added to a CDK4/6i without safety concerns [80,81]. However,
due to a fast-changing treatment landscape and extraordinary results from novel anti-
HER2 therapies, such as trastuzumab-deruxtecan and tucatinib [82], late-phase trials with
CDK4/6i for HER2-positive aBC are not being performed for every CDK4/6i. Currently,
palbociclib and ribociclib are being investigated in triple-positive aBC within the phase III
trials PATINA (NCT02947685), PATRICIA II (NCT02448420) and DETECT V/CHEVENDO
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(NCT02344472), respectively [44]. While results from the first two studies are expected
to be presented in future, an interim analysis from the DETECT V study (triple-positive
aBC patients randomized to trastuzumab + pertuzumab in combination with ribociclib
+ ET versus trastuzumab + pertuzumab in combination with chemotherapy followed by
ribociclib + ET as maintenance treatment) was presented recently and showed no difference
between a chemotherapy-containing and a chemotherapy-free regimen, neither regarding
the PFS nor the OS. However, the tolerability was significantly better in the chemotherapy-
free arm, so this phase III study is the first to demonstrate that CDK4/i—ribociclib in this
case—in combination with antibodies is not inferior compared to chemotherapy and may,
therefore, be an effective and safe treatment option for triple-positive BC patients [83].

Furthermore, since the introduction of multigene assays, it has been known that
there is not only the BC subtype defined by immunohistochemistry (IHC) but also the
one seen as the intrinsic subtype. Hence, intrinsic subtypes may differ from their im-
munohistochemical classification, which may also be associated with a switch in their
risk categorization [84]. Luminal intrinsic subtypes have, in general, a better prognosis
than HER2-enriched (HER2e) or basal-like ones, and it could be shown that, despite an
immunohistochemically HER2-negative status, patients with intrinsic HER2e disease ben-
efit from anti-HER2 treatments [85]. Therefore, it was again of special interest whether
this also applies to a therapy with CDK4/6i, as these seem to have a certain efficacy in
immunohistochemically HER2-positive BC, as mentioned above. To date, some studies
have demonstrated efficacy of ribociclib in HER2e aBC patients, and not only across the
MonaLEEsa study program [86] but also in a retrospective real-world analysis in compari-
son with palbo- and abemaciclib [87]. To further investigate the role of CDK4/6i in HER2e
aBC, the ongoing randomized HARMONIA trial (NCT05207709) was set up and will an-
alyze the efficacy of ribociclib versus palbociclib in this specific patient population [44].
Data from this study could help in defining the role of intrinsic subtypes for the treatment
decision.

5.2. Novel Combination Partners

CDK4/6i have also been combined with novel substances from other drug families.
Knowing that hormone receptor-positive, HER2-negative BC is generally a tumor with less
immunoactivity, it is of interest whether the addition of checkpoint inhibitors, which usually
trigger immune response, is feasible and effective in BC patients under CDK4/6i treatment.
The phase II PACE trial randomized patients who progressed on CDK4/6i to fulvestrant
+/− palbociclib +/− avelumab, an anti-PD-L1 antibody. While the 12-month PFS rates
were 17.5% and 13.1% in the fulvestrant and fulvestrant + palbociclib arms, respectively, in
the arm with the additional PD-L1 inhibitor avelumab, the rate was 35.6%. This resulted in
an OS of 27.5 and 24.6 months in the fulvestrant and fulvestrant + palbociclib arms, and
a total of 42.5 months in the fulvestrant + palbociclib + avelumab arm. Rates of immune-
related toxicities under avelumab were low [88]. Other studies with abemaciclib and
pembrolizumab, palbociclib and nivolumab, or ribociclib and spartalizumab demonstrated
high grade 3 AE rates, especially for enhanced transaminases and inflammatory lung
disease/pneumonitis, indicating that such combinations cannot be developed further.
Thus, the PACE trial showed, for the first time in a CDK4/6i pre-treated population, a
feasible therapy combination with a checkpoint inhibitor beyond progression on CDK4/6i.

Further combination partners are the novel group of oral SERDs as well as new
SERMs. Several ongoing phase III studies, such as the SERENA-4 and -6 with camizestrant
(NCT04711252 and NCT04964934), the persevERA with giredestrant (NCT04546009) and
the EMBER-3 with imlunestrant (NCT04975308), evaluate the benefit of the according
oral SERD in combination with CDK4/6i [44]. The ELAINE 2, a phase II study with the
novel SERM lasofoxifene, could show, in combination with abemaciclib in patients, whose
metastatic disease had progressed on hormonal therapy +/− CDK4/6i, a good safety
profile and a certain efficacy, with a median PFS of 13.9 months [89]. The outcomes of late-
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phase trials will show whether these novel substances are effective combination partners
for CDK4/6i.

5.3. Further CDK Inhibitors

There are also novel inhibitors of the CDK currently under development. Among
others, with dalpiciclib, birociclib and lerociclib, there is a range of new CDK4/6i being
evaluated in patients with hormone receptor-positive, HER2-negative aBC within phase
III studies in China [44]. Trilaciclib, also a CDK4/6i, is even being investigated in patients
with triple-negative BC, with promising results [90]. Dinaciclib, in contrast, inhibits the
CDK1/2/5/9 and is also of interest for BC treatment [91].

All these advancements show that CDK’s role for the cell cycle is various and complex
bearing high potential for further development.

6. Conclusions

The substance class of CDK4/6i has substantially improved the treatment landscape
of hormone receptor-positive, HER2-negative BC patients. Achieving significant improve-
ments in the survival rates in aBC patients and being the first substances in more than
20 years to improve DFS rates in eBC, CDK4/6i have set the new standard of care for
patients suffering from this disease. The drugs have not only convinced researchers with
better survival outcomes but also with manageable side effect profiles, as well as satisfying
QoL data. Thanks to worldwide digitalization, nowadays, there is also more hope for better
ET adherence rates using digital health solutions. For what happens after a CDK4/6i has
been used, it remains important to better understand the mechanisms resulting in higher
survival rates, but most of all, those that end in disease progression, to be able to develop
novel substances on this basis. Further CDK inhibitors, treatment combinations with other
drugs and different therapy sequences are under development, possibly leading to even
more personalized BC treatment.

Author Contributions: Conceptualization, N.N.; methodology, N.N.; investigation, N.N.; writing—
original draft preparation, N.N.; writing—review and editing, N.N. and P.A.F.; visualization, N.N.;
supervision, N.N. and P.A.F.; project administration, N.N. and P.A.F. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: N.N. is currently an employee of Novartis and has received travel support from
Novartis and TEVA in the past. P.A.F. reports personal fees from Novartis, grants from Biontech,
grants and personal fees from Pfizer, personal fees from Daiichi-Sankyo, personal fees from Astra
Zeneca, personal fees from Eisai, personal fees from Merck Sharp & Dohme, grants from Cepheid,
personal fees from Lilly, personal fees from Pierre Fabre, personal fees from SeaGen, personal fees
from Roche, personal fees from Agendia, personal fees from Sanofi Aventis and personal fees from
Gilead.

References
1. Beatson, G. On the Treatment of Inoperable Cases of Carcinoma of the Mamma: Suggestions for a New Method of Treatment,

with Illustrative Cases. Lancet 1896, 148, 162–165. [CrossRef]
2. Cole, M.P.; Jones, C.T.; Todd, I.D. A new anti-oestrogenic agent in late breast cancer. An early clinical appraisal of ICI46474. Br. J.

Cancer 1971, 25, 270–275. [CrossRef]
3. Nabholtz, J.M.; Buzdar, A.; Pollak, M.; Harwin, W.; Burton, G.; Mangalik, A.; Steinberg, M.; Webster, A.; von Euler, M. Anastrozole

is superior to tamoxifen as first-line therapy for advanced breast cancer in postmenopausal women: Results of a North American
multicenter randomized trial. Arimidex Study Group. J. Clin. Oncol. 2000, 18, 3758–3767. [CrossRef]

http://doi.org/10.1016/S0140-6736(01)72384-7
http://doi.org/10.1038/bjc.1971.33
http://doi.org/10.1200/JCO.2000.18.22.3758


Cancers 2023, 15, 1763 14 of 18

4. Mouridsen, H.; Gershanovich, M.; Sun, Y.; Perez-Carrion, R.; Boni, C.; Monnier, A.; Apffelstaedt, J.; Smith, R.; Sleeboom, H.P.;
Janicke, F.; et al. Superior efficacy of letrozole versus tamoxifen as first-line therapy for postmenopausal women with advanced
breast cancer: Results of a phase III study of the International Letrozole Breast Cancer Group. J. Clin. Oncol. 2001, 19, 2596–2606.
[CrossRef]

5. Osborne, C.K.; Pippen, J.; Jones, S.E.; Parker, L.M.; Ellis, M.; Come, S.; Gertler, S.Z.; May, J.T.; Burton, G.; Dimery, I.; et al.
Double-blind, randomized trial comparing the efficacy and tolerability of fulvestrant versus anastrozole in postmenopausal
women with advanced breast cancer progressing on prior endocrine therapy: Results of a North American trial. J. Clin. Oncol.
2002, 20, 3386–3395. [CrossRef]

6. Early Breast Cancer Trialists’ Collaborative, G.; Dowsett, M.; Forbes, J.F.; Bradley, R.; Ingle, J.; Aihara, T.; Bliss, J.; Boccardo, F.;
Coates, A.; Coombes, R.C.; et al. Aromatase inhibitors versus tamoxifen in early breast cancer: Patient-level meta-analysis of the
randomised trials. Lancet 2015, 386, 1341–1352.

7. Early Breast Cancer Trialists’ Collaborative, G. Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence
and 15-year survival: An overview of the randomised trials. Lancet 2005, 365, 1687–1717.

8. Pagani, O.; Francis, P.A.; Fleming, G.F.; Walley, B.A.; Viale, G.; Colleoni, M.; Lang, I.; Gomez, H.L.; Tondini, C.; Pinotti, G.;
et al. Absolute Improvements in Freedom From Distant Recurrence to Tailor Adjuvant Endocrine Therapies for Premenopausal
Women: Results from TEXT and SOFT. J. Clin. Oncol. 2020, 38, 1293–1303. [CrossRef]

9. Baselga, J.; Campone, M.; Piccart, M.; Burris, H.A., 3rd; Rugo, H.S.; Sahmoud, T.; Noguchi, S.; Gnant, M.; Pritchard, K.I.; Lebrun,
F.; et al. Everolimus in postmenopausal hormone-receptor-positive advanced breast cancer. N. Engl. J. Med. 2012, 366, 520–529.
[CrossRef]

10. Andre, F.; Ciruelos, E.; Rubovszky, G.; Campone, M.; Loibl, S.; Rugo, H.S.; Iwata, H.; Conte, P.; Mayer, I.A.; Kaufman, B.; et al.
Alpelisib for PIK3CA-Mutated, Hormone Receptor-Positive Advanced Breast Cancer. N. Engl. J. Med. 2019, 380, 1929–1940.
[CrossRef]

11. Bachelot, T.; Cottu, P.; Chabaud, S.; Dalenc, F.; Allouache, D.; Delaloge, S.; Jacquin, J.P.; Grenier, J.; Venat Bouvet, L.; Jegannathen,
A.; et al. Everolimus Added to Adjuvant Endocrine Therapy in Patients with High-Risk Hormone Receptor-Positive, Human
Epidermal Growth Factor Receptor 2-Negative Primary Breast Cancer. J. Clin. Oncol. 2022, 40, 3699–3708. [CrossRef]

12. Gennari, A.; Andre, F.; Barrios, C.H.; Cortes, J.; de Azambuja, E.; DeMichele, A.; Dent, R.; Fenlon, D.; Gligorov, J.; Hurvitz, S.A.;
et al. ESMO Clinical Practice Guideline for the diagnosis, staging and treatment of patients with metastatic breast cancer. Ann.
Oncol. 2021, 32, 1475–1495. [CrossRef]

13. Ditsch, N.; Wocke, A.; Untch, M.; Jackisch, C.; Albert, U.S.; Banys-Paluchowski, M.; Bauerfeind, I.; Blohmer, J.U.; Budach, W.; Dall,
P.; et al. AGO Recommendations for the Diagnosis and Treatment of Patients with Early Breast Cancer: Update 2022. Breast Care
2022, 17, 403–420. [CrossRef]

14. Brufsky, A.M.; Dickler, M.N. Estrogen Receptor-Positive Breast Cancer: Exploiting Signaling Pathways Implicated in Endocrine
Resistance. Oncologist 2018, 23, 528–539. [CrossRef]

15. Mills, J.N.; Rutkovsky, A.C.; Giordano, A. Mechanisms of resistance in estrogen receptor positive breast cancer: Overcoming
resistance to tamoxifen/aromatase inhibitors. Curr. Opin. Pharmacol. 2018, 41, 59–65. [CrossRef]

16. Watt, A.C.; Goel, S. Cellular mechanisms underlying response and resistance to CDK4/6 inhibitors in the treatment of hormone
receptor-positive breast cancer. Breast Cancer Res. 2022, 24, 17. [CrossRef]

17. Finn, R.S.; Dering, J.; Conklin, D.; Kalous, O.; Cohen, D.J.; Desai, A.J.; Ginther, C.; Atefi, M.; Chen, I.; Fowst, C.; et al. PD 0332991,
a selective cyclin D kinase 4/6 inhibitor, preferentially inhibits proliferation of luminal estrogen receptor-positive human breast
cancer cell lines in vitro. Breast Cancer Res. 2009, 11, R77. [CrossRef]

18. Finn, R.S.; Martin, M.; Rugo, H.S.; Jones, S.; Im, S.A.; Gelmon, K.; Harbeck, N.; Lipatov, O.N.; Walshe, J.M.; Moulder, S.; et al.
Palbociclib and Letrozole in Advanced Breast Cancer. N. Engl. J. Med. 2016, 375, 1925–1936. [CrossRef]

19. Cristofanilli, M.; Turner, N.C.; Bondarenko, I.; Ro, J.; Im, S.A.; Masuda, N.; Colleoni, M.; DeMichele, A.; Loi, S.; Verma, S.; et al.
Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of hormone-receptor-positive, HER2-negative metastatic
breast cancer that progressed on previous endocrine therapy (PALOMA-3): Final analysis of the multicentre, double-blind, phase
3 randomised controlled trial. Lancet Oncol. 2016, 17, 425–439.

20. Tripathy, D.; Im, S.A.; Colleoni, M.; Franke, F.; Bardia, A.; Harbeck, N.; Hurvitz, S.A.; Chow, L.; Sohn, J.; Lee, K.S.; et al. Ribociclib
plus endocrine therapy for premenopausal women with hormone-receptor-positive, advanced breast cancer (MONALEESA-7): A
randomised phase 3 trial. Lancet Oncol. 2018, 19, 904–915. [CrossRef]

21. Slamon, D.J.; Neven, P.; Chia, S.; Fasching, P.A.; De Laurentiis, M.; Im, S.A.; Petrakova, K.; Bianchi, G.V.; Esteva, F.J.; Martin, M.;
et al. Phase III Randomized Study of Ribociclib and Fulvestrant in Hormone Receptor-Positive, Human Epidermal Growth Factor
Receptor 2-Negative Advanced Breast Cancer: MONALEESA-3. J. Clin. Oncol. 2018, 36, 2465–2472. [CrossRef]

22. Hortobagyi, G.N.; Stemmer, S.M.; Burris, H.A.; Yap, Y.S.; Sonke, G.S.; Paluch-Shimon, S.; Campone, M.; Petrakova, K.; Blackwell,
K.L.; Winer, E.P.; et al. Updated results from MONALEESA-2, a phase III trial of first-line ribociclib plus letrozole versus placebo
plus letrozole in hormone receptor-positive, HER2-negative advanced breast cancer. Ann. Oncol. 2018, 29, 1541–1547. [CrossRef]

23. Johnston, S.; Martin, M.; Di Leo, A.; Im, S.A.; Awada, A.; Forrester, T.; Frenzel, M.; Hardebeck, M.C.; Cox, J.; Barriga, S.; et al.
MONARCH 3 final PFS: A randomized study of abemaciclib as initial therapy for advanced breast cancer. NPJ Breast Cancer 2019,
5, 5. [CrossRef]

http://doi.org/10.1200/JCO.2001.19.10.2596
http://doi.org/10.1200/JCO.2002.10.058
http://doi.org/10.1200/JCO.18.01967
http://doi.org/10.1056/NEJMoa1109653
http://doi.org/10.1056/NEJMoa1813904
http://doi.org/10.1200/JCO.21.02179
http://doi.org/10.1016/j.annonc.2021.09.019
http://doi.org/10.1159/000524879
http://doi.org/10.1634/theoncologist.2017-0423
http://doi.org/10.1016/j.coph.2018.04.009
http://doi.org/10.1186/s13058-022-01510-6
http://doi.org/10.1186/bcr2419
http://doi.org/10.1056/NEJMoa1607303
http://doi.org/10.1016/S1470-2045(18)30292-4
http://doi.org/10.1200/JCO.2018.78.9909
http://doi.org/10.1093/annonc/mdy155
http://doi.org/10.1038/s41523-018-0097-z


Cancers 2023, 15, 1763 15 of 18

24. Sledge, G.W., Jr.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al.
MONARCH 2: Abemaciclib in Combination With Fulvestrant in Women With HR+/HER2− Advanced Breast Cancer Who Had
Progressed While Receiving Endocrine Therapy. J. Clin. Oncol. 2017, 35, 2875–2884. [CrossRef]

25. Xu, B.; Zhang, Q.Y.; Zhang, P.; Tong, Z.; Sun, T.; Li, W.; Ouyang, Q.; Hu, X.; Cheng, Y.; Yan, M.; et al. LBA16 Dalpiciclib plus
letrozole or anastrozole as first-line treatment for HR+/HER2- advanced breast cancer (DAWNA-2): A phase III trial. Ann. Oncol.
2022, 33, S1384–S1385. [CrossRef]

26. Xu, B.; Zhang, Q.; Zhang, P.; Hu, X.; Li, W.; Tong, Z.; Sun, T.; Teng, Y.; Wu, X.; Ouyang, Q.; et al. Dalpiciclib or placebo plus
fulvestrant in hormone receptor-positive and HER2-negative advanced breast cancer: A randomized, phase 3 trial. Nat. Med.
2021, 27, 1904–1909. [CrossRef]

27. Nabieva, N.; Fasching, P.A. Endocrine Treatment for Breast Cancer Patients Revisited—History, Standard of Care, and Possibilities
of Improvement. Cancers 2021, 13, 5643. [CrossRef]

28. Sledge, G.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Okera, M.; Masuda, N.; Kaufman, P.A.; Koh, H.; et al. Final Overall
Survival Analysis of MONARCH-2: A Phase 3 trial of Abemaciclib Plus Fulvestrant in Patients with Hormone Receptor-positive,
Human Epidermal Growth Factor Receptor 2-Negative Advanced Breast Cancer. In Proceedings of the 2022 San Antonio Breast
Cancer Symposium, San Antonio, TX, USA, 6–10 December 2022.

29. Goetz, M.P.; Toi, M.; Huober, J.; Sohn, J.; Tredan, O.; Park, I.H.; Campone, M.; Chen, S.C.; Manso Sanchez, L.M.; Paluch-Shimon,
S.; et al. LBA15 MONARCH 3: Interim overall survival (OS) results of abemaciclib plus a nonsteroidal aromatase inhibitor (NSAI)
in patients (pts) with HR+, HER2- advanced breast cancer (ABC). Ann. Oncol. 2022, 33, S1384. [CrossRef]

30. Finn, R.S.; Rugo, H.S.; Dieras, V.C.; Harbeck, N.; Im, S.-A.; Gelmon, K.A.; Walshe, J.M.; Martin, M.; Gregor, M.C.M.; Bananis,
E.; et al. Overall survival (OS) with first-line palbociclib plus letrozole (PAL + LET) versus placebo plus letrozole (PBO +
LET) in women with estrogen receptor–positive/human epidermal growth factor receptor 2–negative advanced breast cancer
(ER+/HER2− ABC): Analyses from PALOMA-2. J. Clin. Oncol. 2022, 40, LBA1003.

31. Turner, N.C.; Slamon, D.J.; Ro, J.; Bondarenko, I.; Im, S.A.; Masuda, N.; Colleoni, M.; DeMichele, A.; Loi, S.; Verma, S.; et al.
Overall Survival with Palbociclib and Fulvestrant in Advanced Breast Cancer. N. Engl. J. Med. 2018, 379, 1926–1936. [CrossRef]

32. Hortobagyi, G.N.; Stemmer, S.M.; Burris, H.A.; Yap, Y.S.; Sonke, G.S.; Hart, L.; Campone, M.; Petrakova, K.; Winer, E.P.; Janni, W.;
et al. Overall Survival with Ribociclib plus Letrozole in Advanced Breast Cancer. N. Engl. J. Med. 2022, 386, 942–950. [CrossRef]

33. Slamon, D.J.; Neven, P.; Chia, S.; Jerusalem, G.; De Laurentiis, M.; Im, S.; Petrakova, K.; Valeria Bianchi, G.; Martin, M.; Nusch, A.;
et al. Ribociclib plus fulvestrant for postmenopausal women with hormone receptor-positive, human epidermal growth factor
receptor 2-negative advanced breast cancer in the phase III randomized MONALEESA-3 trial: Updated overall survival. Ann.
Oncol. 2021, 32, 1015–1024. [CrossRef]

34. Tripathy, D.; Im, S.-A.; Colleoni, M.; Franke, F.; Bardia, A.; Harbeck, N.; Hurvitz, S.; Chow, L.; Sohn, J.; Lee, K.S.; et al. Abstract
PD2-04: Updated overall survival (OS) results from the phase III MONALEESA-7 trial of pre- or perimenopausal patients with
hormone receptor positive/human epidermal growth factor receptor 2 negative (HR+/HER2−) advanced breast cancer (ABC)
treated with endocrine therapy (ET) ± ribociclib. Cancer Res. 2021, 81, PD2-04.

35. Sledge, G.W., Jr.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al.
The Effect of Abemaciclib Plus Fulvestrant on Overall Survival in Hormone Receptor-Positive, ERBB2-Negative Breast Cancer
That Progressed on Endocrine Therapy-MONARCH 2: A Randomized Clinical Trial. JAMA Oncol. 2020, 6, 116–124. [CrossRef]
[PubMed]

36. George, M.A.; Qureshi, S.; Omene, C.; Toppmeyer, D.L.; Ganesan, S. Clinical and Pharmacologic Differences of CDK4/6 Inhibitors
in Breast Cancer. Front. Oncol. 2021, 11, 693104. [CrossRef] [PubMed]

37. Schneeweiss, A.; Ettl, J.; Luftner, D.; Beckmann, M.W.; Belleville, E.; Fasching, P.A.; Fehm, T.N.; Geberth, M.; Haberle, L.; Hadji, P.;
et al. Initial experience with CDK4/6 inhibitor-based therapies compared to antihormone monotherapies in routine clinical use in
patients with hormone receptor positive, HER2 negative breast cancer—Data from the PRAEGNANT research network for the
first 2 years of drug availability in Germany. Breast 2020, 54, 88–95.

38. Engler, T.; Fasching, P.A.; Luftner, D.; Hartkopf, A.D.; Muller, V.; Kolberg, H.C.; Hadji, P.; Tesch, H.; Haberle, L.; Ettl, J.; et al.
Implementation of CDK4/6 Inhibitors and its Influence on the Treatment Landscape of Advanced Breast Cancer Patients—Data
from the Real-World Registry PRAEGNANT. Geburtshilfe Frauenheilkd. 2022, 82, 1055–1067. [CrossRef]

39. Giuliano, M.; Schettini, F.; Rognoni, C.; Milani, M.; Jerusalem, G.; Bachelot, T.; De Laurentiis, M.; Thomas, G.; De Placido,
P.; Arpino, G.; et al. Endocrine treatment versus chemotherapy in postmenopausal women with hormone receptor-positive,
HER2-negative, metastatic breast cancer: A systematic review and network meta-analysis. Lancet Oncol. 2019, 20, 1360–1369.
[CrossRef]

40. Martin, M.; Zielinski, C.; Ruiz-Borrego, M.; Carrasco, E.; Turner, N.; Ciruelos, E.M.; Munoz, M.; Bermejo, B.; Margeli, M.; Anton,
A.; et al. Palbociclib in combination with endocrine therapy versus capecitabine in hormonal receptor-positive, human epidermal
growth factor 2-negative, aromatase inhibitor-resistant metastatic breast cancer: A phase III randomised controlled trial-PEARL.
Ann. Oncol. 2021, 32, 488–499. [CrossRef]

41. Martin, M.; Zielinski, C.; Ruiz-Borrego, M.; Carrasco, E.; Ciruelos, E.M.; Munoz, M.; Bermejo, B.; Margeli, M.; Csoszi, T.; Anton,
A.; et al. Overall survival with palbociclib plus endocrine therapy versus capecitabine in postmenopausal patients with hormone
receptor-positive, HER2-negative metastatic breast cancer in the PEARL study. Eur. J. Cancer 2022, 168, 12–24. [CrossRef]

http://doi.org/10.1200/JCO.2017.73.7585
http://doi.org/10.1016/j.annonc.2022.08.010
http://doi.org/10.1038/s41591-021-01562-9
http://doi.org/10.3390/cancers13225643
http://doi.org/10.1016/j.annonc.2022.08.009
http://doi.org/10.1056/NEJMoa1810527
http://doi.org/10.1056/NEJMoa2114663
http://doi.org/10.1016/j.annonc.2021.05.353
http://doi.org/10.1001/jamaoncol.2019.4782
http://www.ncbi.nlm.nih.gov/pubmed/31563959
http://doi.org/10.3389/fonc.2021.693104
http://www.ncbi.nlm.nih.gov/pubmed/34327137
http://doi.org/10.1055/a-1880-0087
http://doi.org/10.1016/S1470-2045(19)30420-6
http://doi.org/10.1016/j.annonc.2020.12.013
http://doi.org/10.1016/j.ejca.2022.03.006


Cancers 2023, 15, 1763 16 of 18

42. Lu, Y.-S.; Bin Mohd Mahidin, E.I.; Azim, H.; Eralp, Y.; Yap, Y.-S.; Im, S.-A.; Rihani, J.; Bowles, J.; Alfaro, T.D.; Wu, J.; et al. Primary
Results From the Randomized Phase II RIGHT Choice Trial of Premenopausal Patients with Aggressive HR+/HER2− Advanced
Breast Cancer Treated with Ribociclib + Endocrine Therapy vs Physician’s Choice Combination Chemotherapy. In Proceedings of
the 2022 San Antonio Breast Cancer Symposium, San Antonio, TX, USA, 6–10 December 2022.

43. Kalinsky, K.; Accordino, M.K.; Chiuzan, C.; Mundi, P.S.; Trivedi, M.S.; Novik, Y.; Tiersten, A.; Raptis, G.; Baer, L.N.; Oh, S.Y.; et al.
A randomized, phase II trial of fulvestrant or exemestane with or without ribociclib after progression on anti-estrogen therapy
plus cyclin-dependent kinase 4/6 inhibition (CDK 4/6i) in patients (pts) with unresectable or hormone receptor–positive (HR+),
HER2-negative metastatic breast cancer (MBC): MAINTAIN trial. J. Clin. Oncol. 2022, 40, LBA1004.

44. Clinicaltrials.gov. Available online: https://clinicaltrials.gov/ (accessed on 15 December 2022).
45. Bidard, F.C.; Hardy-Bessard, A.C.; Dalenc, F.; Bachelot, T.; Pierga, J.Y.; de la Motte Rouge, T.; Sabatier, R.; Dubot, C.; Frenel, J.S.;

Ferrero, J.M.; et al. Switch to fulvestrant and palbociclib versus no switch in advanced breast cancer with rising ESR1 mutation
during aromatase inhibitor and palbociclib therapy (PADA-1): A randomised, open-label, multicentre, phase 3 trial. Lancet Oncol.
2022, 23, 1367–1377. [CrossRef] [PubMed]

46. Johnston, S.; Toi, M.; O’Shaughnessy, J.; Rastogi, P.; Campone, M.; Neven, P.; Huang, C.-S.; Huober, J.; Jaliffe, G.G.; Cicin, I.; et al.
Abemaciclib plus endocrine therapy for HR+, HER2−, node-positive, high-risk early breast cancer: Results from a pre-planned
monarchE overall survival interim analysis, including 4-year efficacy outcomes. In Proceedings of the 2022 San Antonio Breast
Cancer Symposium, San Antonio, TX, USA, 6–10 December 2022.

47. Gnant, M.; Dueck, A.C.; Frantal, S.; Martin, M.; Burstein, H.J.; Greil, R.; Fox, P.; Wolff, A.C.; Chan, A.; Winer, E.P.; et al. Adjuvant
Palbociclib for Early Breast Cancer: The PALLAS Trial Results (ABCSG-42/AFT-05/BIG-14-03). J. Clin. Oncol. 2022, 40, 282–293.
[CrossRef]

48. Loibl, S.; Marme, F.; Martin, M.; Untch, M.; Bonnefoi, H.; Kim, S.B.; Bear, H.; McCarthy, N.; Mele Olive, M.; Gelmon, K.; et al.
Palbociclib for Residual High-Risk Invasive HR-Positive and HER2-Negative Early Breast Cancer-The Penelope-B Trial. J. Clin.
Oncol. 2021, 39, 1518–1530. [CrossRef] [PubMed]

49. Mayer, E.L.; Dueck, A.C.; Martin, M.; Rubovszky, G.; Burstein, H.J.; Bellet-Ezquerra, M.; Miller, K.D.; Zdenkowski, N.; Winer, E.P.;
Pfeiler, G.; et al. Palbociclib with adjuvant endocrine therapy in early breast cancer (PALLAS): Interim analysis of a multicentre,
open-label, randomised, phase 3 study. Lancet Oncol. 2021, 22, 212–222. [CrossRef]

50. Johnston, S.R.D.; Harbeck, N.; Hegg, R.; Toi, M.; Martin, M.; Shao, Z.M.; Zhang, Q.Y.; Martinez Rodriguez, J.L.; Campone, M.;
Hamilton, E.; et al. Abemaciclib Combined With Endocrine Therapy for the Adjuvant Treatment of HR+, HER2−, Node-Positive,
High-Risk, Early Breast Cancer (monarchE). J. Clin. Oncol. 2020, 38, 3987–3998. [CrossRef] [PubMed]

51. Royce, M.; Osgood, C.; Mulkey, F.; Bloomquist, E.; Pierce, W.F.; Roy, A.; Kalavar, S.; Ghosh, S.; Philip, R.; Rizvi, F.; et al. FDA
Approval Summary: Abemaciclib with Endocrine Therapy for High-Risk Early Breast Cancer. J. Clin. Oncol. 2022, 40, 1155–1162.
[CrossRef]

52. Martin, M.; Hegg, R.; Kim, S.B.; Schenker, M.; Grecea, D.; Garcia-Saenz, J.A.; Papazisis, K.; Ouyang, Q.; Lacko, A.; Oksuzoglu,
B.; et al. Treatment with Adjuvant Abemaciclib Plus Endocrine Therapy in Patients with High-risk Early Breast Cancer Who
Received Neoadjuvant Chemotherapy: A Prespecified Analysis of the monarchE Randomized Clinical Trial. JAMA Oncol. 2022, 8,
1190–1194. [CrossRef]

53. Early Breast Cancer Trialists’ Collaborative, G. Aromatase inhibitors versus tamoxifen in premenopausal women with oestrogen
receptor-positive early-stage breast cancer treated with ovarian suppression: A patient-level meta-analysis of 7030 women from
four randomised trials. Lancet Oncol. 2022, 23, 382–392.

54. Ma, C.X.; Gao, F.; Luo, J.; Northfelt, D.W.; Goetz, M.; Forero, A.; Hoog, J.; Naughton, M.; Ademuyiwa, F.; Suresh, R.; et al.
NeoPalAna: Neoadjuvant Palbociclib, a Cyclin-Dependent Kinase 4/6 Inhibitor, and Anastrozole for Clinical Stage 2 or 3 Estrogen
Receptor-Positive Breast Cancer. Clin. Cancer Res. 2017, 23, 4055–4065. [CrossRef]

55. Cottu, P.; D’Hondt, V.; Dureau, S.; Lerebours, F.; Desmoulins, I.; Heudel, P.E.; Duhoux, F.P.; Levy, C.; Mouret-Reynier, M.A.;
Dalenc, F.; et al. Letrozole and palbociclib versus chemotherapy as neoadjuvant therapy of high-risk luminal breast cancer. Ann.
Oncol. 2018, 29, 2334–2340. [CrossRef]

56. Delaloge, S.; Dureau, S.; D’Hondt, V.; Desmoulins, I.; Heudel, P.E.; Duhoux, F.P.; Levy, C.; Lerebours, F.; Mouret-Reynier, M.A.;
Dalenc, F.; et al. Survival outcomes after neoadjuvant letrozole and palbociclib versus third generation chemotherapy for patients
with high-risk oestrogen receptor-positive HER2-negative breast cancer. Eur. J. Cancer 2022, 166, 300–308. [CrossRef]

57. Hurvitz, S.A.; Martin, M.; Press, M.F.; Chan, D.; Fernandez-Abad, M.; Petru, E.; Rostorfer, R.; Guarneri, V.; Huang, C.S.; Barriga, S.;
et al. Potent Cell-Cycle Inhibition and Upregulation of Immune Response with Abemaciclib and Anastrozole in neoMONARCH,
Phase II Neoadjuvant Study in HR(+)/HER2(−) Breast Cancer. Clin. Cancer Res. 2020, 26, 566–580. [CrossRef] [PubMed]

58. Prat, A.; Saura, C.; Pascual, T.; Hernando, C.; Munoz, M.; Pare, L.; Gonzalez Farre, B.; Fernandez, P.L.; Galvan, P.; Chic, N.; et al.
Ribociclib plus letrozole versus chemotherapy for postmenopausal women with hormone receptor-positive, HER2-negative,
luminal B breast cancer (CORALLEEN): An open-label, multicentre, randomised, phase 2 trial. Lancet Oncol. 2020, 21, 33–43.
[CrossRef] [PubMed]

59. Nabieva, N.; Kellner, S.; Fehm, T.; Haberle, L.; de Waal, J.; Rezai, M.; Baier, B.; Baake, G.; Kolberg, H.C.; Guggenberger, M.; et al.
Influence of patient and tumor characteristics on early therapy persistence with letrozole in postmenopausal women with early
breast cancer: Results of the prospective Evaluate-TM study with 3941 patients. Ann. Oncol. 2018, 29, 186–192. [CrossRef]

https://clinicaltrials.gov/
http://doi.org/10.1016/S1470-2045(22)00555-1
http://www.ncbi.nlm.nih.gov/pubmed/36183733
http://doi.org/10.1200/JCO.21.02554
http://doi.org/10.1200/JCO.20.03639
http://www.ncbi.nlm.nih.gov/pubmed/33793299
http://doi.org/10.1016/S1470-2045(20)30642-2
http://doi.org/10.1200/JCO.20.02514
http://www.ncbi.nlm.nih.gov/pubmed/32954927
http://doi.org/10.1200/JCO.21.02742
http://doi.org/10.1001/jamaoncol.2022.1488
http://doi.org/10.1158/1078-0432.CCR-16-3206
http://doi.org/10.1093/annonc/mdy448
http://doi.org/10.1016/j.ejca.2022.01.014
http://doi.org/10.1158/1078-0432.CCR-19-1425
http://www.ncbi.nlm.nih.gov/pubmed/31615937
http://doi.org/10.1016/S1470-2045(19)30786-7
http://www.ncbi.nlm.nih.gov/pubmed/31838010
http://doi.org/10.1093/annonc/mdx630


Cancers 2023, 15, 1763 17 of 18

60. Nabieva, N.; Fehm, T.; Haberle, L.; de Waal, J.; Rezai, M.; Baier, B.; Baake, G.; Kolberg, H.C.; Guggenberger, M.; Warm, M.; et al.
Influence of side-effects on early therapy persistence with letrozole in post-menopausal patients with early breast cancer: Results
of the prospective EvAluate-TM study. Eur. J. Cancer 2018, 96, 82–90. [CrossRef] [PubMed]

61. Wallwiener, M.; Nabieva, N.; Feisst, M.; Fehm, T.; de Waal, J.; Rezai, M.; Baier, B.; Baake, G.; Kolberg, H.C.; Guggenberger, M.; et al.
Influence of patient and tumor characteristics on therapy persistence with letrozole in postmenopausal women with advanced
breast cancer: Results of the prospective observational EvAluate-TM study. BMC Cancer 2019, 19, 611. [CrossRef] [PubMed]

62. Chirgwin, J.H.; Giobbie-Hurder, A.; Coates, A.S.; Price, K.N.; Ejlertsen, B.; Debled, M.; Gelber, R.D.; Goldhirsch, A.; Smith, I.;
Rabaglio, M.; et al. Treatment Adherence and Its Impact on Disease-Free Survival in the Breast International Group 1-98 Trial of
Tamoxifen and Letrozole, Alone and in Sequence. J. Clin. Oncol. 2016, 34, 2452–2459. [CrossRef]

63. Muller, V.; Nabieva, N.; Haberle, L.; Taran, F.A.; Hartkopf, A.D.; Volz, B.; Overkamp, F.; Brandl, A.L.; Kolberg, H.C.; Hadji, P.;
et al. Impact of disease progression on health-related quality of life in patients with metastatic breast cancer in the PRAEGNANT
breast cancer registry. Breast 2018, 37, 154–160. [CrossRef]

64. Kaufman, P.A.; Toi, M.; Neven, P.; Sohn, J.; Grischke, E.M.; Andre, V.; Stoffregen, C.; Shekarriz, S.; Price, G.L.; Carter, G.C.; et al.
Health-Related Quality of Life in MONARCH 2: Abemaciclib plus Fulvestrant in Hormone Receptor-Positive, HER2-Negative
Advanced Breast Cancer after Endocrine Therapy. Oncologist 2020, 25, e243–e251. [CrossRef]

65. Goetz, M.P.; Martin, M.; Tokunaga, E.; Park, I.H.; Huober, J.; Toi, M.; Stoffregen, C.; Shekarriz, S.; Andre, V.; Gainford, M.C.; et al.
Health-Related Quality of Life in MONARCH 3: Abemaciclib plus an Aromatase Inhibitor as Initial Therapy in HR+, HER2−
Advanced Breast Cancer. Oncologist 2020, 25, e1346–e1354. [CrossRef]

66. Harbeck, N.; Franke, F.; Villanueva-Vazquez, R.; Lu, Y.S.; Tripathy, D.; Chow, L.; Babu, G.K.; Im, Y.H.; Chandiwana, D.; Gaur, A.;
et al. Health-related quality of life in premenopausal women with hormone-receptor-positive, HER2-negative advanced breast
cancer treated with ribociclib plus endocrine therapy: Results from a phase III randomized clinical trial (MONALEESA-7). Ther.
Adv. Med. Oncol. 2020, 12. [CrossRef] [PubMed]

67. Fasching, P.A.; Beck, J.T.; Chan, A.; De Laurentiis, M.; Esteva, F.J.; Jerusalem, G.; Neven, P.; Pivot, X.; Bianchi, G.V.; Martin, M.;
et al. Ribociclib plus fulvestrant for advanced breast cancer: Health-related quality-of-life analyses from the MONALEESA-3
study. Breast 2020, 54, 148–154. [CrossRef]

68. Verma, S.; O’Shaughnessy, J.; Burris, H.A.; Campone, M.; Alba, E.; Chandiwana, D.; Dalal, A.A.; Sutradhar, S.; Monaco, M.; Janni,
W. Health-related quality of life of postmenopausal women with hormone receptor-positive, human epidermal growth factor
receptor 2-negative advanced breast cancer treated with ribociclib + letrozole: Results from MONALEESA-2. Breast Cancer Res.
Treat. 2018, 170, 535–545. [CrossRef]

69. Rugo, H.S.; Dieras, V.; Gelmon, K.A.; Finn, R.S.; Slamon, D.J.; Martin, M.; Neven, P.; Shparyk, Y.; Mori, A.; Lu, D.R.; et al. Impact
of palbociclib plus letrozole on patient-reported health-related quality of life: Results from the PALOMA-2 trial. Ann. Oncol. 2018,
29, 888–894. [CrossRef]

70. Harbeck, N.; Iyer, S.; Turner, N.; Cristofanilli, M.; Ro, J.; Andre, F.; Loi, S.; Verma, S.; Iwata, H.; Bhattacharyya, H.; et al. Quality of
life with palbociclib plus fulvestrant in previously treated hormone receptor-positive, HER2-negative metastatic breast cancer:
Patient-reported outcomes from the PALOMA-3 trial. Ann. Oncol. 2016, 27, 1047–1054. [CrossRef]

71. Hart, L.L.; Bardia, A.; Beck, J.T.; Chan, A.; Neven, P.; Hamilton, E.P.; Sohn, J.; Sonke, G.S.; Bachelot, T.; Spring, L.; et al. Impact of
ribociclib (RIB) dose modifications (mod) on overall survival (OS) in patients (pts) with HR+/HER2- advanced breast cancer
(ABC) in MONALEESA(ML)-2. J. Clin. Oncol. 2022, 40, 1017. [CrossRef]

72. Burris, H.A.; Chan, A.; Bardia, A.; Thaddeus Beck, J.; Sohn, J.; Neven, P.; Tripathy, D.; Im, S.A.; Chia, S.; Esteva, F.J.; et al. Safety
and impact of dose reductions on efficacy in the randomised MONALEESA-2, -3 and -7 trials in hormone receptor-positive,
HER2-negative advanced breast cancer. Br. J. Cancer 2021, 125, 679–686. [CrossRef] [PubMed]

73. Mayer, E.L.; Fesl, C.; Hlauschek, D.; Garcia-Estevez, L.; Burstein, H.J.; Zdenkowski, N.; Wette, V.; Miller, K.D.; Balic, M.; Mayer,
I.A.; et al. Treatment Exposure and Discontinuation in the PALbociclib CoLlaborative Adjuvant Study of Palbociclib With
Adjuvant Endocrine Therapy for Hormone Receptor-Positive/Human Epidermal Growth Factor Receptor 2-Negative Early
Breast Cancer (PALLAS/AFT-05/ABCSG-42/BIG-14-03). J. Clin. Oncol. 2022, 40, 449–458.

74. Rugo, H.S.; O’Shaughnessy, J.; Boyle, F.; Toi, M.; Broom, R.; Blancas, I.; Gumus, M.; Yamashita, T.; Im, Y.H.; Rastogi, P.; et al.
Adjuvant abemaciclib combined with endocrine therapy for high-risk early breast cancer: Safety and patient-reported outcomes
from the monarchE study. Ann. Oncol. 2022, 33, 616–627. [CrossRef]

75. Maculaitis, M.C.; Liu, X.; Will, O.; Hanson, M.; McRoy, L.; Berk, A.; Crastnopol, M. Oncologist and Patient Preferences for
Attributes of CDK4/6 Inhibitor Regimens for the Treatment of Advanced/Metastatic HR Positive/HER2 Negative Breast Cancer:
Discrete Choice Experiment and Best-Worst Scaling. Patient Prefer Adherence 2020, 14, 2201–2214. [CrossRef]

76. Sinclair, W.D.; Cui, X. The Effects of HER2 on CDK4/6 Activity in Breast Cancer. Clin. Breast Cancer 2022, 22, e278–e285. [CrossRef]
[PubMed]

77. Ciruelos, E.; Villagrasa, P.; Pascual, T.; Oliveira, M.; Pernas, S.; Pare, L.; Escriva-de-Romani, S.; Manso, L.; Adamo, B.; Martinez, E.;
et al. Palbociclib and Trastuzumab in HER2-Positive Advanced Breast Cancer: Results from the Phase II SOLTI-1303 PATRICIA
Trial. Clin. Cancer Res. 2020, 26, 5820–5829. [CrossRef] [PubMed]

78. Goel, S.; Pernas, S.; Tan-Wasielewski, Z.; Barry, W.T.; Bardia, A.; Rees, R.; Andrews, C.; Tahara, R.K.; Trippa, L.; Mayer, E.L.; et al.
Ribociclib Plus Trastuzumab in Advanced HER2-Positive Breast Cancer: Results of a Phase 1b/2 Trial. Clin. Breast Cancer 2019, 19,
399–404. [CrossRef]

http://doi.org/10.1016/j.ejca.2018.03.020
http://www.ncbi.nlm.nih.gov/pubmed/29679775
http://doi.org/10.1186/s12885-019-5806-y
http://www.ncbi.nlm.nih.gov/pubmed/31227025
http://doi.org/10.1200/JCO.2015.63.8619
http://doi.org/10.1016/j.breast.2017.08.008
http://doi.org/10.1634/theoncologist.2019-0551
http://doi.org/10.1634/theoncologist.2020-0084
http://doi.org/10.1177/1758835920943065
http://www.ncbi.nlm.nih.gov/pubmed/32782490
http://doi.org/10.1016/j.breast.2020.09.008
http://doi.org/10.1007/s10549-018-4769-z
http://doi.org/10.1093/annonc/mdy012
http://doi.org/10.1093/annonc/mdw139
http://doi.org/10.1200/JCO.2022.40.16_suppl.1017
http://doi.org/10.1038/s41416-021-01415-9
http://www.ncbi.nlm.nih.gov/pubmed/34158598
http://doi.org/10.1016/j.annonc.2022.03.006
http://doi.org/10.2147/PPA.S254934
http://doi.org/10.1016/j.clbc.2021.08.007
http://www.ncbi.nlm.nih.gov/pubmed/34607757
http://doi.org/10.1158/1078-0432.CCR-20-0844
http://www.ncbi.nlm.nih.gov/pubmed/32938620
http://doi.org/10.1016/j.clbc.2019.05.010


Cancers 2023, 15, 1763 18 of 18

79. Tolaney, S.M.; Wardley, A.M.; Zambelli, S.; Hilton, J.F.; Troso-Sandoval, T.A.; Ricci, F.; Im, S.A.; Kim, S.B.; Johnston, S.R.; Chan, A.;
et al. Abemaciclib plus trastuzumab with or without fulvestrant versus trastuzumab plus standard-of-care chemotherapy in
women with hormone receptor-positive, HER2-positive advanced breast cancer (monarcHER): A randomised, open-label, phase
2 trial. Lancet Oncol. 2020, 21, 763–775. [CrossRef] [PubMed]

80. Spring, L.M.; Clark, S.L.; Li, T.; Goel, S.; Tayob, N.; Viscosi, E.; Abraham, E.; Juric, D.; Isakoff, S.J.; Mayer, E.; et al. Phase 1b clinical
trial of ado-trastuzumab emtansine and ribociclib for HER2-positive metastatic breast cancer. NPJ Breast Cancer 2021, 7, 103.
[CrossRef] [PubMed]

81. Haley, B.; Batra, K.; Sahoo, S.; Froehlich, T.; Klemow, D.; Unni, N.; Ahn, C.; Rodriguez, M.; Hullings, M.; Frankel, A.E. A Phase
I/Ib Trial of PD 0332991 (Palbociclib) and T-DM1 in HER2-Positive Advanced Breast Cancer after Trastuzumab and Taxane
Therapy. Clin. Breast Cancer 2021, 21, 417–424. [CrossRef]

82. Thill, M.; Luftner, D.; Kolberg-Liedtke, C.; Albert, U.S.; Banys-Paluchowski, M.; Bauerfeind, I.; Blohmer, J.U.; Budach, W.; Dall,
P.; Fallenberg, E.M.; et al. AGO Recommendations for the Diagnosis and Treatment of Patients with Locally Advanced and
Metastatic Breast Cancer: Update 2022. Breast Care 2022, 17, 421–429. [CrossRef]

83. Janni, W.; Fehm, T.; Müller, V.; Schochter, F.; De Gregorio, A.; Decker, T.; Hartkopf, A.; Just, M.; Sagasser, J.; Schmidt, M.; et al.
Omission of chemotherapy in the treatment of HER2-positive and hormone-receptor positive metastatic breast cancer—Interim
results from the randomized phase 3 DETECT V trial. In Proceedings of the 2022 San Antonio Breast Cancer Symposium, San
Antonio, TX, USA, 6–10 December 2022.

84. Canino, F.; Piacentini, F.; Omarini, C.; Toss, A.; Barbolini, M.; Vici, P.; Dominici, M.; Moscetti, L. Role of Intrinsic Subtype Analysis
with PAM50 in Hormone Receptors Positive HER2 Negative Metastatic Breast Cancer: A Systematic Review. Int. J. Mol. Sci. 2022,
23, 7079. [CrossRef]

85. Prat, A.; Cheang, M.C.; Galvan, P.; Nuciforo, P.; Pare, L.; Adamo, B.; Munoz, M.; Viladot, M.; Press, M.F.; Gagnon, R.; et al.
Prognostic Value of Intrinsic Subtypes in Hormone Receptor-Positive Metastatic Breast Cancer Treated With Letrozole With or
Without Lapatinib. JAMA Oncol. 2016, 2, 1287–1294. [CrossRef]

86. Jacobson, A. Ribociclib Improves Overall Survival in HR+/HER2− Metastatic Breast Cancer Across Common Genomic and
Clinical Subtypes. Oncologist 2022, 27, S11–S12. [CrossRef] [PubMed]

87. Martínez-Sáez, O.; Tolosa, P.; Sánchez De Torre, A.; Pascual, T.; Brasó-Maristany, F.; Rodriguez Hernandez, A.; Parrilla, L.;
Roncero, A.M.; Ruano, Y.; Chic, N.; et al. 23P CDK4/6 inhibition and endocrine therapy (ET) in the HER2-enriched subtype
(HER2-E) in hormone receptor-positive/HER2-negative (HR+/HER2−) advanced breast cancer (ABC): A retrospective analysis
of real-world data. Ann. Oncol. 2021, 32, S30. [CrossRef]

88. Mayer, E.; Ren, Y.; Wagle, N.; Mahtani, R.; Ma, C.; DeMichele, A.; Cristofanilli, M.; Meisel, J.; Miller, K.D.; Jolly, T.; et al. PACE:
Palbociclib After CDK and Endocrine Therapy A Randomized Phase II Study of Fulvestrant +/− Palbociclib after Progression on
CDK4/6 inhibitor for HR+/HER2− Metastatic Breast Cancer. In Proceedings of the 2022 San Antonio Breast Cancer Symposium,
San Antonio, TX, USA, 6–10 December 2022.

89. Damodaran, S.; Plourde, P.V.; Moore, H.C.F.; Anderson, I.C.; Portman, D.J. Open-label, phase 2, multicenter study of lasofoxifene
(LAS) combined with abemaciclib (Abema) for treating pre- and postmenopausal women with locally advanced or metastatic
ER+/HER2− breast cancer and an ESR1 mutation after progression on prior therapies. J. Clin. Oncol. 2022, 40, 1022. [CrossRef]

90. Tan, A.R.; Wright, G.S.; Thummala, A.R.; Danso, M.A.; Popovic, L.; Pluard, T.J.; Han, H.S.; Vojnovic, Z.; Vasev, N.; Ma, L.; et al.
Trilaciclib Prior to Chemotherapy in Patients with Metastatic Triple-Negative Breast Cancer: Final Efficacy and Subgroup Analysis
from a Randomized Phase II Study. Clin. Cancer Res. 2022, 28, 629–636. [CrossRef] [PubMed]

91. Tsao, A.N.; Chuang, Y.S.; Lin, Y.C.; Su, Y.; Chao, T.C. Dinaciclib inhibits the stemness of two subtypes of human breast cancer cells
by targeting the FoxM1 and Hedgehog signaling pathway. Oncol. Rep. 2022, 47, 105. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/S1470-2045(20)30112-1
http://www.ncbi.nlm.nih.gov/pubmed/32353342
http://doi.org/10.1038/s41523-021-00311-y
http://www.ncbi.nlm.nih.gov/pubmed/34349115
http://doi.org/10.1016/j.clbc.2021.03.005
http://doi.org/10.1159/000524789
http://doi.org/10.3390/ijms23137079
http://doi.org/10.1001/jamaoncol.2016.0922
http://doi.org/10.1093/oncolo/oyac010
http://www.ncbi.nlm.nih.gov/pubmed/35348783
http://doi.org/10.1016/j.annonc.2021.03.037
http://doi.org/10.1200/JCO.2022.40.16_suppl.1022
http://doi.org/10.1158/1078-0432.CCR-21-2272
http://www.ncbi.nlm.nih.gov/pubmed/34887261
http://doi.org/10.3892/or.2022.8316

	Introduction 
	The Early Development of CDK4/6 Inhibitors in Patients with Hormone Receptor-Positive, HER2-Negative Advanced Breast Cancer 
	Impact on Progression-Free Survival 
	Improvement in Overall Survival 
	CDK4/6i vs. Chemotherapy 
	Resistance Mechanisms and Mutations 

	Advancements in the Endocrine Treatment of Hormone Receptor-Positive, HER2-Negative Early-Stage Breast Cancer Patients 
	Palbociclib Failing to Improve Invasive-Disease-Free Survival 
	Abemaciclib as the First New Drug in Two Decades to Complement Curative ET in Node-Positive Patients 
	Ribociclib with the Potential of Covering the Unmet Need in Stage II Disease 
	CDK4/6i as Neoadjuvant Therapy 

	Impact on Patients’ Adherence and Quality of Life 
	Modern Therapy Approaches and New Opportunities 
	The Role of HER2 
	Novel Combination Partners 
	Further CDK Inhibitors 

	Conclusions 
	References

