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Background: The combination of cyclin-dependent kinases 4/6 (CDK4/6)
inhibitors and endocrine therapy is the standard treatment for patients with
hormone receptor-positive (HR+)/HER2-negative (HER2-) advanced breast
cancer. However, the role of CDK4/6 inhibitors in early breast cancer remains
controversial.

Methods: This study aimed to evaluate the efficacy and safety of CDK4/
6 inhibitors combined with endocrine therapy versus endocrine therapy alone
in patients with HR+, HER2- early breast cancer. A systematic review of
Cochrane, PubMed and EMBASE databases was conducted. The efficacy
endpoints of adjuvant therapy were invasive disease-free survival (IDFS),
overall survival (OS) and distant relapse-free survival (DRFS). The efficacy
endpoint included complete cell cycle arrest (CCCA) and complete pathologic
response (PCR) with neoadjuvant therapy. Grade 3/4 adverse events (AEs) were
assessed as safety outcomes.

Results: Eight randomized controlled trials (RCTs) were included in the study.
CDK4/6 inhibitors combined with endocrine therapy showed a significant
improvement in IDFS (hazard ratio (HR) = 0.81, 95% confidence interval (Cl) =
0.68-0.97, P =0.024), but not DRFS (HR = 0.84, 95% Cl = 0.56-1.29, P = 0.106) or
OS (HR = 0.96, 95% Cl = 0.77-1.19, P = 0.692) in adjuvant therapy. In the
neoadjuvant therapy setting, CDK4/6 inhibitors improved CCCA compared with
the controlgroup (RR =2.08, 95% Cl = 1.33-3.26, P = 0.001). The risk of 3/4 grade
AEs increased significantly with the addition of CDK4/6 inhibitors to
endocrine therapy.

Conclusion: The addition of CDK4/6 inhibitors in HR+/HER2- early breast cancer
patients significantly improved IDFS in adjuvant therapy and CCCA in
neoadjuvant. However, CDK4/6 inhibitors also showed significant toxicities
during therapy.

Systematic Review Registration: Identifier CRD42024530704.
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Introduction

Breast cancer has emerged as the most prevalent malignant
neoplasm worldwide, with over 90% of breast cancer patients
diagnosed with early-stage disease, among which the most
common subtype is hormone receptor (HR)-positive (Cardoso
et al., 2018). Treatment strategies for such patients vary based on
the risk of recurrence and include combinations of surgery,
chemotherapy, radiotherapy, and endocrine therapy (Harbeck
and Gnant, 2017). Although standard treatments for HR-positive
breast cancer have notably improved over the years, some patients
do not respond to endocrine therapy due to intrinsic or acquired
resistance (Burstein et al., 2021; Johnston et al., 2020). Therefore,
numerous pharmaceuticals are under development to address the
challenge of endocrine resistance (Burstein, 2020).

Cyclin-dependent kinases (CDKs) are a class of serine/threonine
kinases that regulate cell cycle progression (Gomes et al., 2023).
Numerous preclinical studies have demonstrated that luminal breast
cancer exhibits overactivity in the CDK4/6-cyclin D1 pathway,
which provides a strong rationale for the therapeutic efficacy of
CDK4/6 inhibitors (O’Sullivan et al., 2023).

Currently, three pharmaceutical agents, namely, abemaciclib,
palbociclib, and ribociclib, have obtained approval from both the
FDA and the European Medicines Agency (EMA), demonstrating
clear benefits in HR-positive/HER2-negative advanced or metastatic
breast cancer (Eggersmann et al., 2019). This has also heightened our
interest in determining the benefits for patients with HR-positive/
HER2-negative early breast cancer. However, previous studies have
indicated controversies regarding the efficacy of CDK4/6 inhibitors
in combination with endocrine therapy for HR-positive/HER2-
negative early breast cancer (Slamon et al, 2024; Gnant et al,
2022; Loibl et al,, 2021). NATALEE (Slamon et al., 2024) and
MonarchE (Johnston et al.,, 2023) trails found survival benefits of
CDK4/6 inhibitors combined with endocrine therapy in HR-positive
early breast cancer, whereas the results of the other two studies
(Gnant et al,, 2022; Loibl et al., 2021) indicated that CDK4/
6 inhibitors did not improve survival outcomes in these patients.

Therefore, this meta-analysis included all available randomized
controlled trials (RCTs) aimed at exploring the efficacy and safety of
CDK4/6 inhibitors combined with endocrine therapy in the
adjuvant or neoadjuvant treatment of patients with HR-positive/
HER2-negative early breast cancer.

Methods
Study objectives

This study aimed to evaluate the efficacy of CDK4/6 inhibitors in
combination with endocrine therapy as adjuvant or neoadjuvant
treatment in patients with HR-positive/HER2-negative early breast
cancer. The primary efficacy endpoint of adjuvant therapy was
invasive disease-free survival (IDFS), with secondary endpoints
including overall survival (OS), distant relapse-free survival
(DRES), and grade 3/4 adverse events (AEs). The efficacy
endpoints of neoadjuvant therapy were complete cell cycle arrest
(CCCA; defined as Ki67 < 2.7%) and pathological complete
response (PCR).
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Search strategy

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al.,
2009) and was registered in the PROSPERO database (ID:
CRD42024530704). The systematic search was conducted in three
electronic databases (PubMed, Embase, and Cochrane Library) up
to April 2024. The terms used in the search strategy were related to
“breast cancer” and “cyclin-dependent kinase 4/6 inhibitor.” The
detailed search strategy is available in Supplementary Table S1.

Inclusion and exclusion criteria

The inclusion criteria were as follows: 1) the study was an RCT;
2) the study population comprised patients pathologically diagnosed
with HR-positive/HER2-negative early breast cancer; 3) the study
included patients treated with CDK4/6 inhibitors in combination
with endocrine therapy versus endocrine therapy with or without
placebo; 4) the endpoint information of the study included one or
more IDFS, DRFS/DDES, OS, CCCA, PCR and grade 3/4 AEs; and
5) the study was published in English.

The exclusion criteria were as follows: 1) non-RCT studies; 2)
single—arm tests; 3) systematic reviews, meta-analyses, case reports,
and animal studies; and 4) studies with insufficient information for
meta-analysis.

Data extraction

For studies meeting the inclusion criteria, the following
information was independently extracted by two investigators
(ZZ and WL): study name, phase, sample size, menopausal
status, treatment, CDK4/6 inhibitor duration and endpoints. Any
disagreements were resolved by another investigator (JC).

Assessment of study quality

The Cochrane Collaboration risk-of-bias tool (Higgins et al.,
2011) was used to assess the quality of the included RCTs. Literature
quality evaluation was conducted by Review Manager, version 5.3.
The quality assessment criteria included selection bias, performance
bias, detection bias, attrition bias, reporting bias and other biases.

Statistical analysis

Analyses were conducted using Review Manager software
(version 5.3). Hazard ratios (HRs) and 95% Cls were utilized for
IDES, DRFS/DDES, OS, and subgroup analyses. CCCA, PCR and
grade 3/4 AEs were analyzed using risk ratios (RRs). The cutoff for
statistical significance was P < 0.05. This study’s heterogeneity
assessment was conducted using Cochran’s Q and I* tests
(Higgins et al, 2003). A value greater than 50% for I* and P <
0.1 for Cochran’s Q indicated the presence of heterogeneity, and a
random-effects model was employed for analysis (Zhang et al,
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FIGURE 1

PRISMA flowchart. PRISMA flowchart of retrieved studies. (Abbreviations: BC, breast cancer; RCT, randomized controlled trials).

2024). Conversely, a fixed-effects model was utilized. Egger’s test was
also used to assess potential publication bias (Egger et al., 1997).

Results
Characteristics of the included studies

In total, 3,428 records were initially identified from three
electronic databases, 44 studies remained after duplicate removal
and title and abstract were screened, and 35 were removed for the
following reasons: 5 were the same or subgroups of RCT trials, 2 had
insufficient information, and 28 were unrelated studies (Figure 1).
Finally, 9 studies (8 RCT trials) that met our inclusion criteria were
included (Slamon et al., 2024; Gnant et al., 2022; Loibl et al., 2021;
Johnston et al., 2023; Rastogi et al., 2024; Alsaleh et al., 2023; Hurvitz
et al., 2020; Johnston et al., 2019; Khan et al., 2020).

Detailed information on the included studies is shown in
Table 1. Four studies (Slamon et al., 2024; Gnant et al., 2022;
Loibl et 2021; Johnston et al, 2023),

al., including
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17,749 patients, evaluated CDK4/6 inhibitors in the adjuvant
setting, and another four studies (Alsaleh et al, 2023; Hurvitz
et al, 2020; Johnston et al, 2019), including 804 patients,
evaluated CDK4/6 inhibitors in the neoadjuvant setting. It is
worth noting that the MonarchE trial recently provided updated
efficacy-related data but did not include safety-related data.
Therefore, we included two published articles for this trial
(Johnston et al., 2023; Rastogi et al., 2024).

The study quality assessment is shown in Supplementary Figure
S1. The open-label design of the four studies (NATALEE, PALLAS,
NeoMonarchE, and MonarchE) led to a high risk of performance
bias, as it could result in outcome assessments being influenced by
knowledge of the intervention. However, a high risk of bias was not
observed for the remaining biases.

Adjuvant therapy

IDES: Four RCTs reported the IDES of patients treated with
CDK4/6 inhibitors and the recruitment criteria were shown in
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TABLE 1 Characteristics of the studies included in the meta-analysis.

Phase Treatment NCT Median N CDK4/ Median Endpoints
age (experimental/ 6 inhibitor follow-up
(years) control) duration (months)
Adjuvant therapy

NATALEE jiss Ribociclib + AT NCT03701334 52 2,549/2,552 3 years 34 IDES, OS, AEs
(Slamon et al., vs. Al
2024)
PALLAS (Gnant I Palbociclib + Al/ NCTO02513394 52 2,884/2,877 2 years 31 IDES, DRES,
et al., 2022) tamoxifen vs. Al/ OS, AEs

tamoxifen
MonarchE 111 Abemaciclib + NCT03155997 51 2,808/2,829 2 years 54 IDES, OS, AEs
(Rastogi et al., Al/tamoxifen vs.
2024) Al/tamoxifen
PENELOPE-B 111 Palbociclib + AI/ | NCT01864746 = 49 631/619 1 year 42.8 IDFS, DRES,
(Loibl et al., 2021) tamoxifen vs. OS, AEs

Placebo + Al/

tamoxifen

Neoadjuvant therapy

SAFIA (Alsaleh 111 Fulvestrant + NCT03447132 49 114/115 16 weeks NA PCR
et al., 2023) palbociclib versus

Fulvestrant +

placebo
FELINE (Khan I Ribociclib + NCT02712723 NA 82/38 14 weeks Baseline, day CCCA
et al., 2020) Letrozole vs. 14 cycle 1

Placebo + (D14C1), and

Letrozole surgery
PALLET 11 Palbociclib + NCT02296801 = 65.1 204/103 16 weeks Baseline, CCCA, PCR
(Johnston et al., Letrozole vs. 2 weeks and
2019) Letrozole 14 weeks
neoMONARCH I Abemaciclib + NCT02441946 = 64 74/74 26 weeks Baseline, CCCA
(Hurvitz et al., Anastrozole vs. 2 weeks, and the
2020) Anastrozole end of

treatment
(16 weeks)

NCT, national clinical trial number; AEs, adverse events; Al, aromatase inhibitor; CDK, cyclin dependent kinase; DRFS, distant relapse-free survival; IDFS, invasive disease-free survival; OS,

overall survival; CCCA, complete cell cycle arrest.

Supplementary Table S2, and the results showed a significant
improvement in IDFS (HR = 0.81, 59% CI = 0.68-0.97; P =
0.024; Figure 2). A random-effects model was used because
obvious heterogeneity (I* = 76.4%, P = 0.005) existed. According
to the majority of subgroup analyses (Figure 2), CDK4/6 inhibitors
significantly improved survival according to menopausal status,
nodes status, stage and Asian (P < 0.05). Although there was no
statistical significance in the remaining subgroups, there was still a
trend toward prolonged IDFS (HR < 1). Notably, heterogeneity
disappeared in the menopausal status and tumor stage subgroups
(Table 2). In the sensitivity analysis, there was no significant
difference when excluding the NATALEE study, but there was
still a trend toward improvement in the efficacy of CDK4/
6 inhibitors (Supplementary Table S3). Egger’s test did not detect
potential publication bias (P = 0.285).

DRFS Two RCTs (PALLAS and PENELOPE-B) reported the
DRES of patients treated with CDK4/6 inhibitors, and the results
indicated that CDK4/6 inhibitors may prolong DRES, but the
difference was not statistically significant (HR = 0.84, 59% CI =
0.56-1.29; P = 0.422; Figure 2). A random-effects model was used

Frontiers in Pharmacology

because obvious heterogeneity (I* = 92.4%, P < 0.001) existed.
Egger’s test could not be conducted because only two studies
were included.

OS Four RCTs reported the OS of patients treated with CDK4/
6 inhibitors, and there was no statistically significant difference in
terms of OS (HR = 0.96, 59% CI = 0.77-1.19, P = 0.692). A random-
effects model was used because heterogeneity (I* = 54.3%, P = 0.087)
existed. Egger’s test did not detect potential publication bias
(P = 0.879).

AEs: Four RCTs reported the adverse effects of CDK4/
6 inhibitors. The results showed a significant increase in the
incidence of any grade 3 or 4 AEs (RR = 3.70, 59% CI =
2.81-4.88, P < 0.001) in the CDK4/6 inhibitor combined with
endocrine therapy group compared to the group receiving only
endocrine therapy, and obvious heterogeneity was detected (I* =
95.8%, P < 0.001). In particular, CDK4/6 inhibitors were
significantly associated with grade >3 AEs, such as neutropenia,
anemia, leukopenia, thrombocytopenia, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), nausea, headache, and
back pain (Table 3).
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FIGURE 2

Forest plots of pooled hazard ratios for adjuvant therapy. (A) IDFS after adjuvant therapy. (B) DRFS after adjuvant therapy. (C) OS of patients receiving
adjuvant therapy. IDFS: invasive disease-free survival. OS: overall survival. DRFS: distant relapse-free survival.

Neoadjuvant therapy

Three neoadjuvant RCT trials reported the CCCA of
patients treated with CDK4/6 inhibitors (Figure 3). The
results showed a significant improvement in the CCCA
(RR = 2.08, 59% CI = 1.33-3.27, P < 0.001). A random-
effects model was used because obvious heterogeneity
(I = 79.4%, P = 0.007) existed. In the sensitivity analysis,
there was no significant difference when excluding the
FELINE study, but a trend toward improving CCCA still
existed (Supplementary Table S4). Egger’s test did not detect
potential publication bias (P = 0.128).

PCR information for CDK4/6 inhibitors in two neoadjuvant
randomized controlled trials. There was no statistically significant
difference in terms of PCR (HR = 0.88, 59% CI = 0.12-6.29,
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P = 0899). A random-effects model was
heterogeneity (I* = 61.7%, P = 0.106) existed.

used because

Discussion

CDK4/6 inhibitors have yielded definitive results in HR-positive/
HER2-negative advanced breast cancer (Kalinsky et al., 2023; Goetz
etal, 2017; Lu et al,, 2022; Piezzo et al., 2020), as confirmed by previous
meta-analyses (Braal et al, 2021; Li et al, 2020a; Li et al, 2020b;
Giuliano et al,, 2019). There has been increased interest in CDK4/
6 inhibitors as potential therapeutic approaches for neoadjuvant and
adjuvant therapy for early breast cancer (Haslam et al., 2024). Therefore,
this study investigated the efficacy and safety of CDK4/6 inhibitors in
the adjuvant and neoadjuvant treatment of HR-positive/HER2-negative
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TABLE 2 Subgroup analysis of IDFS.

10.3389/fphar.2024.1438288

Subgroup Studies Hazard ratio (95% ClI) P 1 (%)
Age

<50 2 0.98 (0.83, 1.23) 0.923 0

>50 2 0.90 (0.74, 1.09) 0.281 0
Menopausal status

Premenopausal 2 0.63 (0.54, 0.75) <0.001 0

Postmenopausal 2 0.76 (0.66, 0.87) <0.001 0
T

T1-2 2 0.79 (0.57, 1.11) 0.176 60.7

T3 2 0.85 (0.54, 1.32) 0.462 81.0
N

NoO-1 3 0.82 (0.69, 0.98) 0.026 0

N2-3 2 0.78 (0.60, 1.02) 0.067 76.1
Stage

I 2 0.76 (0.61, 0.95) 0.018 0

I 2 0.68 (0.60, 0.77) <0.001 0
Grade

1-2 2 0.76 (0.58, 1.01) 0.056 72.9

3 2 0.84 (0.64, 1.10) 0.196 62.8
Region

Asian 2 0.65 (0.49, 0.85) 0.002 0

Non-Asian 2 0.80 (0.59, 1.08) 0.144 76.7

IDFS, invasive disease-free survival; CI, confidence interval.

early breast cancer. We included eight RCTs for both adjuvant
(NATALEE, PALLAS, MonarchE, and Penelope-B) and neoadjuvant
(SAFIA, PALLET, NeoMONARCH, and FELINE) therapies.

In our analysis, we revealed a notable benefit in terms of IDFS when
comparing the combination of CDK4/6 inhibitors with endocrine
therapy to endocrine therapy alone. However, no discernible benefit
was observed in terms of DRFS or OS. This finding was inconsistent
with the conclusions drawn from previous meta-analyses (Agostinetto
et al,, 2021), which indicated that CDK4/6 inhibitors confer no benefit
on IDFS, DRES, or OS in HR-positive/HER2-negative early breast
cancer patients. The primary factor contributing to this discrepancy is
that previous meta-analyses included three RCTs, whereas we
additionally included a recently published RCT. Compared to
previously published meta-analyses (Agostinetto et al, 2021), our
meta-analysis encompasses more comprehensive and complete
survival data, references, and subgroup analyses, as well as a larger
sample size.

Notably, the PALLAS (Gnant et al., 2022) and Penelope-B (Loibl
et al., 2021) trials revealed no benefit in HR+/HER2- early-stage
breast cancer, but the NATALEE (Slamon et al, 2024) and
MonarchE (Johnston et al, 2023) trials reported divergent
findings. Several interpretations have been proposed regarding
these discrepancies. First, the MONARCH-E trial exclusively
that the favorable

enrolled high-risk patients, suggesting
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outcomes observed with CDK4/6 inhibitors may merely reflect
patients with higher-risk diseases 2023).
However, subgroup analyses of the PALLAS trial data did not
demonstrate increased benefits for high-risk patients (Gnant
et al., 2022; Morrison et al., 2024). Moreover, the PENELOPE-B
trial, although recruiting patients at higher risk than PALLAS
patients, also failed to show greater benefits for high-risk patients
(Loibl et al., 2021). Notably, patients in the PENELOPE-B trial
received only 1 year of palbociclib adjuvant therapy, and longer
treatment durations might yield different results. The risk profile of
the NATALEE trial was slightly lower than that of the MONARCH-
E trial, with subgroup analyses of NATALEE trial data revealing
benefits for both high- and low-risk patients in terms of IDFS
(Slamon et al,, 2024). In the subgroup analysis of this study, no

(Johnston et al,

significant differences in benefits were observed between the high-
and low-risk groups, such as those based on stage and lymph node
status. Therefore, the varying risk profiles of participants across the
four studies may not be the primary reason for the disparate
outcomes. Second, three different drugs were used as CDK4/
6 inhibitors across the four RCTs: palbociclib, abemaciclib, and
ribociclib. Notably, two studies involving palbociclib did not show
benefits, whereas studies involving abemaciclib and ribociclib
demonstrated greater benefits. Despite their similar mechanisms
of action, these CDK4/6 inhibitors exhibit variable drug activities

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1438288

Zhang et al.

TABLE 3 Pooled risk ratio of adverse events in adjuvant therapy.

10.3389/fphar.2024.1438288

AEs (grade 3-4) Studies Risk ratio (95% CI) P 12 (%)
Any 3 3.70 (2.81, 4.88) <0.001 95.8
Neutropenia 4 60.3 (26.0, 140.1) <0.001 713
Anemia 3 4.38 (259, 7.41) <0.001 0
Leukopenia 3 84.73 (22.16, 323.9) <0.001 85.4
Thrombocytopenia 2 6.71 (3.00, 15.03) <0.001 37.1
ALT 3 3.99 (1.31, 12.14) 0.015 87.3
AST 3 5.28 (2.43, 11.51) <0.001 62.0
Lymphoedema 2 4.54 (0.98, 21.02) 0.053 0
Arthralgia 4 0.64 (0.40, 1.02) 0.059 51.6
Nausea 4 2.82 (1.28, 6.21) <0.001 15.6
Headache 4 1.54 (0.84, 2.70) 0.175 0
Fatigue 4 549 (2.17, 13.88) <0.001 78.1
Hot flush 4 0.88 (0.47, 1.65) 0.692 35
Back pain 2 3.53 (1.16, 10.73) 0.026 0
AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval.
Stud Risk ratio (95% ClI
A ccca y B O .
|
PALLET 155 (1.25,1.91) — |
i
neoMONARCH 4.75 (2.4, 9.23) : _—
I
|
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1
|
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1
i
|
T -1
0.5 1.0 4.5
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B rcr d b ‘
i
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i

FIGURE 3
Forest plots of pooled hazard ratios for neoadjuvant therapy. (A) CCCA after neoadjuvant therapy. (B) PCR of neoadjuvant therapy. CCCA: complete

cell cycle arrest. PCR: pathological complete response.

(Infante et al., 2016; Klein et al., 2018). Some preclinical data have
suggested that abemaciclib exhibits greater lipophilicity, enabling

absorption rate than palbociclib (Braal et al., 2021). Additionally,
varying administration methods and divergent side effects also
significantly impact patient adherence (Zhu and Zhu, 2023;
Groenland et al,, 2020). Compliance in the PALLAS trial was
relatively poor, with 42% of patients discontinuing treatment

quicker penetration into breast and brain tissues, with a greater
endocrine therapy response rate than palbociclib (Braal et al., 2021;
Infante et al., 2016; Malorni et al., 2018). Ribociclib has a high
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before the planned 2-year endpoint of palbociclib, a proportion
substantially lower (18%) in the MONARCH-E trial. Hence, we
posit that differential pharmacokinetics are the primary drivers of
the disparities observed across the conclusions of the four RCTs,
necessitating an extended follow-up period for further outcome
observation. It is noteworthy that if longer follow-up studies
continue to show no benefit of palbociclib in HR+, HER2- early
breast cancer, it may not be applicable and could potentially lead to
more adverse effects for these patients.

In this meta-analysis, we also assessed the incidence of toxicity
associated with CDK4/6 inhibitors in adjuvant therapy. Our study
revealed a significant association between CDK4/6 inhibitors and
increased rates of adverse events (AEs), particularly a heightened
risk of adverse hematological reactions, which was consistent with
previous research findings (Thill and Schmidt, 2018; Desnoyers
etal., 2020; Martel et al., 2018). Therefore, during the administration
of CDK4/6 inhibitors to patients, enhanced routine blood
monitoring should be implemented.

Neoadjuvant endocrine therapy has traditionally been limited to
a minority of patients; nevertheless, interest in the activity of CDK4/
6 inhibitors in early breast cancer prompted the initiation of four
RCTs. We conducted a meta-analysis of these four RCTs, and the
final results indicated that CDK4/6 inhibitors promote CCCA,
which was defined as Ki67 < 2.7% (Suman et al, 2022).
Ki67 serves as a prognostic factor for breast cancer patients and
can be utilized as a dynamic monitoring indicator for the efficacy of
neoadjuvant therapy (Hurvitz et al.,, 2020; Cottu et al., 2018). This
discovery aligns with previous research findings (Guan et al., 2023).
Additionally, a single-arm trial also revealed significant benefits of
palbociclib combined with endocrine therapy in the neoadjuvant
treatment of HR-positive/HER2-negative early breast cancer (Ma
et al,, 2017). These findings collectively indicate the feasibility of
CDK4/6 inhibitors in neoadjuvant therapy for breast cancer.
Notably, two studies (Alsaleh et al., 2023; Johnston et al., 2019)
reported PCR data and demonstrated no benefit of CDK4/
6 inhibitors in PCR. Therefore, further clinical data are required
to explore the efficacy of CDK4/6 inhibitors in neoadjuvant therapy.

This study has several limitations. First, the number of studies we
could include was limited, which prevented some sensitivity analyses
and may also be a primary source of heterogeneity. Second, the patient
recruitment criteria varied significantly among studies, and different
studies utilized various CDK4/6 inhibitors (palbociclib, abemaciclib,
and ribociclib) and treatment durations (1, 2, and 3 years), potentially
restricting the interpretability of the pooled results. Third, most studies
had short follow-up durations. As of the writing of this manuscript, only
20% of patients in the NATALEE study had completed a 3-year
treatment; thus, the survival data remain immature. Last, due to
limited data on neoadjuvant therapy, the incidence rates of AEs
could not be analyzed. Despite these limitations, this meta-analysis
represents the most comprehensive and up-to-date assessment of the
role of CDK4/6 inhibitors in adjuvant and neoadjuvant therapy for early
breast cancer. In addition, compared to previous meta-analyses, our
study incorporated a recently published NATALEE study and observed
a notable improvement in IDFS associated with CDK4/6 inhibitors in
the treatment of early-stage breast cancer, but previous meta-analyses
failed to achieve statistical significance. At last, In neoadjuvant trials,
only two studies (SAFIA and PALLET) set PCR as an endpoint.
Notably, both of these two studies used palbociclib in the
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experimental group, indicating that we cannot determine whether
Ribociclib or Abemaciclib benefits from PCR.

In conclusion, this study revealed that CDK4/6 inhibitors can
enhance the efficacy of adjuvant and neoadjuvant therapy in HR+/
HER2- early breast cancer patients. Furthermore, we observed that
the diversity of CDK4/6 inhibitors may be a major contributing
factor to the inconsistency of previous research findings.
These findings will further augment interest in the research of
CDK4/6 inhibitors. However, additional clinical research data and
longer follow-up results are needed for validation of these findings.
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