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Abstract

Background Does incorporating Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors into endocrine therapy (ET)
effectively enhance survival outcomes, notably overall survival (OS), among individuals with hormone receptor-
positive (HR+), human epidermal growth factor receptor 2-negative (HER2-) advanced breast cancer? This remains a
clinical controversy. We compared the antitumor efficacy and adverse effects (AEs) between CDK4/6 inhibitors+ET
(CET) and placebo+ET (PET) by conducting a phase Ill randomized controlled trials (RCTs) based meta-analysis.

Methods Seven databases were searched to identify eligible studies, comprising Phase Il RCTs comparing CET
to PET. The primary endpoints were OS and progression-free survival (PFS), with secondary endpoints including
responses and adverse events (AEs).

Results Seven RCTs (DAWNA-2, MONALEESA-2, MONALEESA-3, MONALEESA-7, MONARCH-3, PALOMA-2, and
PALOMA-4) were included. The CET group exhibited significantly improved OS (HR: 0.81 [0.74, 0.88]), PFS (HR: 0.57
[0.52, 0.63]), objective response rate (RR: 1.31 [1.20, 1.43]), and clinical benefit rate (RR: 1.11 [1.07, 1.15]). These benefits
were consistent across almost all subgroups. Additionally, the CET group showed better overall survival rates (OSR)
from 24 to 60 months (OSR 24-60 m) and progression-free survival rates (PFSR) from 6 to 60 months (PFSR 6-60 m).
However, more total AEs, grade 3-5 AEs, and serious AEs were found in CET group. The top 5 grade 3-5 AEs in the
CET group were neutropenia (59.39%), leukopenia (24.11%), decreased white blood cell count (12.99%), hypertension
(7.03%), and increased alanine aminotransferase (5.91%,.

Conclusions The superiority of CET over PET in HR+/HER2- advanced breast cancer is evident, showing improved
survival and responses. Nonetheless, the higher incidence of AEs, specifically hematologic AEs, requires cautious
attention.
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Introduction

For decades, breast cancer has been the most preva-
lent cancer worldwide, with approximately 2.26 million
new cases diagnosed annually [1]. However, the five-
year survival rate for hormone receptor-positive (HR+)/
human epidermal growth factor receptor 2-negative
(HER2-) breast cancer patients still remains below 30%
[2, 3]. These tumors predominantly rely on hormonal
signaling for cell survival and proliferation, representing
over 70% of breast cancer cases in clinical settings. This
underscores the importance of endocrine therapy (ET)
for these patients [4]. However, research indicates that
approximately one-third of HR+patients experience a
relapse within 15 years following ET. Additionally, initial
ET fails to benefit 50% of HR +breast cancer patients [5].
Consequently, the exploration of new therapeutic strate-
gies in conjunction with ET is imperative.

Recently, Cyclin-dependent kinase 4/6 (CDK4/6)
inhibitors have become a focal point for breast can-
cer [6]. CDKs are essential regulators of the tumor cell
cycle, controlling cell proliferation through a series of
enzymatic reactions [7]. One key mechanism underlying
resistance to ET in HR+patients is the cyclin D-CDK4/6
signaling pathway activated by the estrogen pathway [8].
Consequently, the combination of CDK4/6 inhibitors
with ET has emerged as a new treatment method for
patients with HR+/HER2- breast cancer. Commonly used
CDK4/6 inhibitors in clinical practice (Dalpiciclib, Pal-
bociclib, Ribociclib, and Abemaciclib) have been proven
effective, although results (survival, and adverse events
[AEs]) vary across different studies [9-15].

Therefore, this study (a phase III randomized con-
trolled trial [RCT]-based meta-analysis) aimed to assess
and compare the efficacy of CDK4/6 inhibitors+ET ver-
sus placebo+ET for HR+/HER2- breast cancer patients.

Materials and methods

Search strategy

We searched PubMed, Scopus, EMBASE, ScienceDi-
rect, Ovid MEDLINE, the Cochrane Library, and Web
of Science from their inception until April 1, 2024, as
detailed in Table S1. The search utilized keywords such
as ‘CDK4/6 Inhibitors’ (including Palbociclib, Ribociclib,
Abemaciclib, and Dalpiciclib), ‘Randomized’ (Random-
ized OR Randomly OR Randomised), and ‘Breast Cancer'
Furthermore, we reviewed the references of the selected
RCTs to identify additional pertinent research.

Selection criteria
The studies selected for inclusion were published in Eng-
lish and adhered to the PICOS criteria:

(1) Participants: patients diagnosed with HR+/HER2-
advanced breast cancer.
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(2) Intervention: CDK4/6 inhibitors+ET, defined as the
CET group.

(3) Control: placebo+ET, defined as the PET group.

(4) Outcomes: survival, responses, and AEs.

(5) Study design: phase III RCTs.

Studies lacking original data, such as meta-analyses,
conference presentations, and case studies, were omit-
ted. Various articles stemming from a single RCT that
reported different results were evaluated. For out-
comes that were the same, only the latest findings were
incorporated.

Data extraction

The extracted data include: study characteristics (includ-
ing registration number and study duration), patient par-
ticulars (menopausal status, ECOG PS, etc.), treatment
details (CDK4/6 inhibitor utilized, ET utilized, etc.), can-
cer attributes (hormone receptor status, etc.), antitumor
efficacy (overall survival [OS], objective response rate
[ORR], etc.), and adverse event frequencies (total AEs,
etc.). Two researchers independently gathered the data,
and any inconsistencies were settled by deliberation.

Outcome assessments

The main endpoints examined in this investigation
were OS and PFS. Additionally, we assessed the overall
survival rate (OSR) and progression-free survival rate
(PFSR) at intervals of 6, 12, 18, 24, 30, 36, 42, 48, 54, and
60 months. We also examined OS and PFS within specific
subgroups. These subgroups included variables such as
age, race category, menopausal status, hormone receptor
status, ECOG PS, disease-free interval, number of meta-
static sites, presence of liver or lung metastases, presence
of bone-only disease, choice of CDK4/6 inhibitor therapy
partner, choice of endocrine therapy partner, history
of previous adjuvant or neoadjuvant ET, type of previ-
ous ET, and history of previous neoadjuvant or adjuvant
chemotherapy.

Quality assessment

The quality of RCTs was evaluated using the Jadad scale,
assessing randomization, blinding, and inclusion of
patients based on a scale of five points. Trials achieving a
score of three or higher were deemed of high quality [16].
Additionally, the Cochrane Risk of Bias Assessment Tool
was employed to evaluate biases related to selection, per-
formance, detection, attrition, and reporting. Risks were
classified as low, unclear, or high, and depicted in a bias
graph [17].

Moreover, the GRADE approach was applied to ana-
lyze result quality, examining bias, indirectness, impreci-
sion, and publication bias. This method ranks certainty
across four levels: very low, low, moderate, and high [18].
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Statistical analysis

This meta-analysis was performed according to PRISMA
guidelines (Table S2). Data was analyzed via Review
Manager 5.3. Data on survival employed hazard ratios
(HRs), which indicated an advantage for the CET group
when HR was less than 1. Risk ratios (RRs) were used for
dichotomous variables, RR>1 favored the PET group in
the analysis of AEs. Conversely, in analyzing OSR and
PESR, RR>1 favored the CET group. To assess heteroge-
neity, the I statistic and x2 test were utilized. Low het-
erogeneity, indicated by I being less than 50% or p-value
greater than 0.1, led to the employment of a fixed-effects
model. In contrast, a random-effects model was imple-
mented. The determination of statistical significance was
based on p-values less than 0.05. Publication bias was
assessed visually using funnel plots. (Registered in PROS-
PERO: CRD42024539851)
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Results

Search results

The analysis included twenty-six studies from seven
RCTs (DAWNA-2, MONALEESA-2, MONALEESA-3,
MONALEESA-7, MONARCH-3, PALOMA-2, and
PALOMA-4) (Fig. 1) [9-15, 19-37]. Table 1 pres-
ents baseline information of the seven RCTs. The CET
group comprised 2,103 patients, while the PET group
comprised 1,463 patients. Of the RCTs, five (MONA-
LEESA-2, MONALEESA-3, MONALEESA-7, MON-
ARCH-3, and PALOMA-2) were global multicenter, one
(PALOMA-4) was Asia multicenter, and one (DAWNA-
2) was China multicenter. All seven phase III RCTs were
deemed of high quality (Figure S1 and Table S3). Accord-
ing to the GRADE approach, the outcomes were assessed
as medium to high quality (Table S4).

{ Identification of studies via databases and registers ]
M
Records removed before
s screening:
.‘E Records identified from: aUSI;CfE)records removed
= Databases (n = 2610) ——» R d ked as ineliaibl
= Registers (n = 0) ecords marked as ineligible
o by automation tools (n = 0)
= Records removed for other
reasons (n = 0)
—
\ 4
)
Records screened Records excluded
—>
(n =1467) (n =1280)
A4
Reports sought for retrieval Reports not retrieved
= (n=187) (n=0)
=
(]
e
é A4 Reports excluded (161):
Not RCTs (n = 86)
Reports assessed for eligibility ) Not comparing CET vs PET (n =
(n=187) 42)
without eligible data (n = 19)
only abstract (n = 14)
—
v ForOS:n=7
For OSR:n=7
Studies included in review For Subgroup analysis of OS: n =7
(n=7) ) For PFS:n=7
Reports of included studies For PFSR:n=7
(n=26) For Subgroup analysis of PFS: n =7
For Adverse Events: n =7
For Responses: n =7

Fig. 1 Study selection flow
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Survival (OS and PFS)

The CET group achieved better OS (HR: 0.81 [0.74, 0.88],
£<0.00001) and PFS (HR: 0.57 [0.52, 0.63], p<0.00001)
(Fig. 2). OSR 24-60 m significantly favored the CET
group (Figure S2). Meanwhile, PFSR 6—60 m significantly
favored the CET group (Figure S3). As survival pro-
longed, CET also exhibited a growing OS and PFS advan-
tage over PET (Fig. 3).

Subgroup analysis of survival (OS and PFS)

We subgroup analyzed survival (OS and PFS) accord-
ing to Age, Race category, Menopausal status, Hormone
receptor status, ECOG PS, Disease-free interval, Meta-
static status, CDK4/6 inhibitor therapy partner, ET part-
ner, Previous adjuvant or neoadjuvant ET, Previous ET
type, and Previous neoadjuvant or adjuvant chemother-
apy. OS and PFS generally favored the CET group in all
subgroups (Table 2).

Responses
In all patients, the ORR (RR: 1.31 [1.20, 1.43]) and clini-
cal benefit rate (CBR, RR: 1.11 [1.07, 1.15]), along with
partial response (PR, RR: 1.30 [1.19, 1.43]), were better
in the CET group. Although the complete response (CR,
RR: 1.53 [0.90, 2.59]) tended to favor the CET group, it
lacked statistical significance. Conversely, the rate of sta-
ble disease (SD, RR: 0.90 [0.82, 0.98]) was higher in the
PET group (Fig. 4).

Among patients with measurable disease, the ORR (RR:
1.31[1.21, 1.42]), CBR (RR: 1.13 [1.08, 1.18]), and PR (RR:
1.29 [1.19, 1.41]) were better in the CET group. The CR

Hazard Ratio
1V, Fixed, 95% Cl

Study or Subgroup log[Hazard Ratio] SE Weight
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(RR: 1.64 [0.93, 2.87]) tended to favor the CET group
without statistical significance. The rate of SD (RR: 0.85
[0.77, 0.94]) was lower in the CET group (Figure S4).

Toxicity

In summary, the CET group resulted in more total AEs
(RR: 1.05 [1.03, 1.06]), grade 3—-5 AEs (RR: 2.96 [2.30,
3.81]), serious AEs (RR: 1.67 [1.37, 2.03]), AEs leading
to treatment discontinuation (RR: 2.61 [1.88, 3.62]), AEs
leading to dose reduction (RR: 11.70 [3.76, 36.36]), and
AEs leading to dose interruption (RR: 5.67 [2.59, 12.43]).
However, AEs leading to death (RR: 1.31 [1.21, 1.42])
were similar between the two groups (Fig. 5).

In the assessment of any grade AEs, more cases of
neutropenia, decreased white blood cell count, leuko-
penia, nausea, fatigue, diarrhea, anemia, hyponatremia,
thrombocytopenia, alopecia, vomiting, hypokalemia,
cough, constipation, decreased appetite, abdominal pain,
increased blood creatinine, rash, pruritus, urinary tract
infection, hypokalaemia, stomatitis, pyrexia, prolonged
electrocardiogram QT, dry skin, hypophosphataemia,
dysgeusia, and oropharyngeal pain were observed in the
CET group (Table S5). The top 5 any grade AEs were
neutropenia (74.66%), decreased white blood cell count
(49.55%), leukopenia (42.80%), nausea (37.54%), and
fatigue (33.56%) (Table 3). Incidence rate of any grade
interstitial lung diseases (ILDs) tended to be higher in the
CET group without statistical significance (Figure S5).

In the assessment of grade 3-5 AEs, more cases of
neutropenia, leukopenia, decreased white blood cell
count, increased alanine aminotransferase, anemia,

Hazard Ratio
IV, Fixed, 95% Cl

4.1.1 Overall survival
DAWNA-2
MONALEESA-2
MONALEESA-3
MONALEESA-7

-0.26136 0.190869  2.9%
-0.27444 0.099353 10.6%
-0.31471 0.107723  9.1%
-0.24846 0.126096  6.6%

0.77 [0.53, 1.12]
0.76 [0.63, 0.92]
0.73 [0.59, 0.90]
0.78 [0.61, 1.00]

NSERREER

MONARCH 3 -0.22314 0.120405 7.2% 0.80[0.63, 1.01]

PALOMA-2 -0.08338 0.09892 10.7% 0.92[0.76, 1.12] i
PALOMA-4 -0.06188 0.157634 4.2% 0.94[0.69, 1.28] I~
Subtotal (95% Cl) 51.4% 0.81[0.74, 0.88]

Heterogeneity: Chi? = 4.06, df =6 (P = 0.67); I? = 0%

Test for overall effect: Z=4.71 (P < 0.00001)

4.1.2 Progression-free survival

DAWNA-2 -0.67334 0.152174  4.5% 0.51[0.38, 0.69] -
MONALEESA-2 -0.57982 0.131496 6.1% 0.56 [0.43,0.72] -
MONALEESA-3 -0.52763 0.106954  9.2% 0.59[0.48, 0.73] -
MONALEESA-7 -0.56212 0.125632 6.7% 0.57[0.45, 0.73] -
MONARCH 3 -0.61619 0.132789 6.0% 0.54[0.42,0.70] -
PALOMA-2 -0.57982 0.103435 9.8% 0.56 [0.46, 0.69] -
PALOMA-4 -0.40048 0.128343 6.4% 0.67 [0.52, 0.86] -
Subtotal (95% Cl) 48.6% 0.57 [0.52, 0.63] ¢
Heterogeneity: Chi? = 2.43, df = 6 (P = 0.88); I?= 0%

Test for overall effect: Z = 11.99 (P < 0.00001)

Total (95% ClI) 100.0% 0.68 [0.64, 0.73] ‘
Heterogeneity: Chi? = 34.69, df = 13 (P = 0.0009); I2 = 63% 0_55 sz ] 5 2‘0

Test for overall effect: Z = 11.73 (P < 0.00001)

Test for subaroup differences: Chi? = 28.20. df = 1 (P < 0.00001). 12 = 96.5%

Favours CET group Favours PET group

Fig. 2 Forest plots of overall survival and progression-free survival associated with CET group versus PET group
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Fig. 3 Comparisons of overall survival rate (6-60 months, A: trend of overall survival rate; C: trend of risk ratios) and progression-free survival rate (6-42
months, B: trend of progression-free survival rate; D: trend of risk ratios) associated with CET group versus PET group

hyponatremia, increased aspartate aminotransferase,
thrombocytopenia, diarrhea, fatigue, and decreased
appetite were found in the CET group (Table S6). The
top 5 grade 3—5 AEs were neutropenia (59.39%), leukope-
nia (24.11%), decreased white blood cell count (12.99%),
hypertension (7.03%), and increased alanine aminotrans-
ferase (5.91%) (Table 4). Incidence rate of grade 3-5 ILDs
also tended to be higher in the CET group without statis-
tical significance (Figure S5).

Sensitivity analysis

Analysis of OSR-6 m, PFS (Asian race category), and
Grade 3-5 AEs revealed notable heterogeneity. The sta-
bility and reliability of the results remained unaffected by
the exclusion of any study, as demonstrated by sensitivity
analysis (Figure S6).

Publication bias

Funnel plots were observed for survival (OS and PES),
OSR, responses, and AEs summary, suggesting accept-
able publication bias (Fig. 6).

Discussion

Although ET has established itself as the standard treat-
ment for HR+breast cancer patients, its widespread
application has gradually unveiled issues of drug resis-
tance, diminishing its benefits and prompting clinicians
to explore more effective and rational treatment strate-
gies. Recent studies have highlighted the link between
HR+/HER2- breast cancer and abnormal activation of the
cyclin D1-CDK4/6 pathway [38]. Notably, CDK4/6 inhib-
itors such as Palbociclib have garnered FDA approval
for breast cancer treatment [39, 40]. The use of CDK4/6
inhibitors in combination with other agents has emerged
as a significant focus of recent research. The Phase
III trial PALOMA-2 demonstrated Palbociclib’s abil-
ity to extend the median PFES of patients with advanced
HR+breast cancer by over two years, underscoring its
substantial efficacy in improving PFS outcomes [14].
Similarly, a study by Slamon et al. provided compelling
evidence that Palbociclib in combination with letrozole
significantly enhances PFS [37]. Furthermore, investi-
gations have indicated that compared to the fulvestrant
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Table 2 Subgroup analysis of overall survival and progression-free survival
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Subgroups No. of studies Overall Survival No. of studies Progression-free survival
HR (95% Cl) P HR (95% Cl) P

Total 7 0.81[0.74,0.88] <0.00001 7 0.5710.52,0.63] <0.00001
Age

< 65 years 4 0.79[0.69,0.91] 0.001 6 0.55[0.49, 0.62] <0.00001

> 65 years 4 0.80 [0.69, 0.94] 0.007 6 0.55[0.49, 0.62] <0.00001
Race category

Asian 7 0.78 [0.66, 0.93] 0.005 6 0.511[0.38,0.70] <0.0001

Others 5 0.8110.73,091] 0.0004 4 0.61[0.53,0.70] <0.00001
ECOGPS

0 5 0.80 [0.67,0.96] 0.02 7 0.56 [0.50, 0.64] <0.00001

1 5 0.78 [0.67,0.90] 0.0009 7 0.57[0.50, 0.66] <0.00001
Menopausal status

Postmenopausal 4 0.78 [0.70, 0.88] <0.00001 6 0.58[0.52, 0.64] <0.00001

Premenopausal or perimenopausal 1 0.780.61, 1.00] 0.05 2 0.56 [0.45, 0.70] <0.00001
Hormone receptor status

ER positive + PR positive 4 0.80[0.70, 0.90] 0.0004 4 0.58[0.50, 0.67] <0.00001

Others 4 0.63[0.51,0.79] <0.0001 4 0.39[0.29,0.52] <0.00001
Disease-free interval

De-novo metastatic disease 4 0.69 [048, 1.01] 0.06 6 0.50[042,0.60] <0.00001

Existing disease 3 0.89[0.76, 1.03] 0.12 4 0.58 [0.49, 0.68] <0.00001
Number of metastatic sites

<3 3 0.77 [0.66, 0.90] 0.001 3 0.59[0.49,0.71] <0.00001

>3 5 0.81[0.70,0.94] 0.004 5 0.55[0.47,0.64] <0.00001
Visceral metastases at study entry

Yes 2 0.81[0.66,0.99] 0.04 4 0.611[0.52,0.72] <0.00001

No 1 0.98 [0.74, 1.30] 0.89 3 0.53[0.43,0.65] <0.00001
Presence of liver or lung metastases

Yes 3 0.39[0.10, 1.58] 0.19 3 0.57[0.48,0.67] <0.00001

No 3 0.72[0.60, 0.86] 0.0003 3 0.58[0.48,0.71] <0.00001
Bone-only disease

Yes 5 0.72[0.58,0.88] 0.002 5 0.50 [0.40, 0.64] <0.00001

No 4 0.811[0.72,091] 0.0004 4 0.59[0.52,0.67] <0.00001
CDK4/6 inhibitor therapy partner

Dalpiciclib 1 0.7710.53,1.12] 0.17 1 0.51[0.38,0.69] <0.00001

Ribociclib 3 0.7510.67,0.85] <0.00001 3 0.58[0.50, 0.66] <0.00001

Abemaciclib 1 0.80[0.63,1.01] 0.06 1 0.54[0.42,0.70] <0.00001

Palbociclib 2 0.9310.79,1.09] 0.36 2 0.60[0.51,0.70] <0.00001
Endocrine therapy partner

Letrozole 3 0.85[0.75,0.97] 0.01 5 0.58[0.51,0.65] <0.00001

Anastrozole - - - 2 0.51[0.37,0.71] <0.0001

Fulvestrant 1 0.73[0.59,0.90] 0.003 1 0.59[0.48,0.73] <0.00001

Tamoxifen 1 0.70[0.47,1.04] 0.08 1 0.59[0.39,0.89] 0.01
Previous adjuvant or neoadjuvant endocrine therapy

Yes 4 0.81[0.70,0.94] 0.005 5 0.57 [0.49, 0.66] <0.00001

No 5 0.79[0.65, 0.96] 0.02 6 0.56 [0.49, 0.65] <0.00001
Previous endocrine therapy type

Selective oestrogenreceptor modulator 2 0.88[0.68,1.14] 032 5 0.61[0.51,0.74] <0.00001

Aromatase inhibitors 2 0.58 [0.40,0.83] 0.003 5 0.56 [0.47,0.68] <0.00001
Previous neoadjuvant or adjuvant chemotherapy

Yes 3 0.8310.70,0.98] 0.03 3 0.58[0.48,0.70] <0.00001

No 3 0.79[0.59, 1.06] 0.11 3 0.53 1043, 0.64] <0.00001

Abbreviations CET: CDK4/6 inhibitors plus endocrine therapy; CDK4/6: Cyclin-dependent kinase 4/6; Cl: Confidence interval; ECOG PS: Participants, Intervention,
Control, Outcome and Study design Performance Status; HR: Hazard ratio; PET: Placebo plus endocrine therapy
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CET group PET group

r re Even Total Events Total Weight M-H. Fix % ClI M-H, Fix

5.3.1 Objective response rate

DAWNA-2 174 303 73 153 3.3%
MONALEESA-2 136 334 92 334 31%
MONALEESA-3 77 237 28 128 1.2%
MONALEESA-7 118 288 86 290 2.9%
MONARCH 3 163 328 61 165 2.7%
PALOMA-2 206 444 85 222 3.8%
PALOMA-4 63 169 54 171 1.8%
Subtotal (95% CI) 2103 1463 18.8%
Total events 937 479

Heterogeneity: Chi? = 3.75, df =6 (P = 0.71); I = 0%
Test for overall effect: Z =6.13 (P < 0.00001)

5.3.2 Clinical benefit rate

DAWNA-2 263 303 122 153 54%
MONALEESA-2 266 334 243 334 82%
MONALEESA-3 166 237 80 128 3.5%
MONALEESA-7 228 288 202 290 6.8%
MONARCH 3 256 328 118 165 53%
PALOMA-2 381 444 158 222 71%
PALOMA-4 134 169 137 171 4.6%
Subtotal (95% CI) 2103 1463  40.8%
Total events 1694 1060

Heterogeneity: Chi? = 8.12, df = 6 (P = 0.23); I> = 26%
Test for overall effect: Z = 5.30 (P < 0.00001)

5.3.5 Complete response

DAWNA-2 2 303 0 153  0.0%
MONALEESA-2 9 334 7 334 0.2%
MONALEESA-3 4 237 0 128 0.0%
MONALEESA-7 7 288 6 290 0.2%
MONARCH 3 9 328 1 165 0.0%
PALOMA-2 10 444 5 222 02%
PALOMA-4 2 169 1 171 0.0%
Subtotal (95% CI) 2103 1463 0.8%
Total events 43 20

Heterogeneity: Chi? = 2.80, df = 6 (P = 0.83); 1> = 0%
Test for overall effect: Z = 1.57 (P = 0.12)

5.3.6 Partial response

DAWNA-2 172 303 73 153 3.3%
MONALEESA-2 127 334 85 334 29%
MONALEESA-3 73 237 28 128 1.2%
MONALEESA-7 111 288 80 290 2.7%
MONARCH 3 154 328 60 165 2.7%
PALOMA-2 196 444 80 222 3.6%
PALOMA-4 61 169 53 171 1.8%
Subtotal (95% Cl) 2103 1463 18.0%
Total events 894 459

Heterogeneity: Chi? = 3.62, df =6 (P = 0.73); 1= 0%
Test for overall effect: Z = 5.75 (P < 0.00001)

5.3.7 Stable disease

DAWNA-2 87 303 59 153  2.6%
MONALEESA-2 95 334 111 334  37%
MONALEESA-3 79 237 44 128  1.9%
MONALEESA-7 91 288 103 290 3.4%
MONARCH 3 128 328 82 165 3.7%
PALOMA-2 175 444 73 222 3.3%
PALOMA-4 78 169 9 171 3.0%
Subtotal (95% Cl) 2103 1463 21.7%
Total events 733 562

Heterogeneity: Chi? = 10.62, df = 6 (P = 0.10); I* = 44%
Test for overall effect: Z = 2.32 (P = 0.02)

Total (95% CI) 10515 7315 100.0%
Total events 4301 2580

Heterogeneity: Chi? = 78.20, df = 34 (P < 0.0001); I = 57%

Test for overall effect: Z = 7.58 (P < 0.00001)

Test for subaroun differences: Chi? = 48.43. df = 4 (P < 0.00001). I2=91.7%

Page 8 of 14

Risk Ratio Risk Ratio
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Fig. 4 Forest plots of responses associated with CET group versus PET group in all patients

monotherapy group, the Ribociclib+fulvestrant combi-
nation therapy group exhibits significantly prolonged PES
[12].

This study further confirms the potential benefits of
CET for HR+/HER2- breast cancer patients in terms
of OS and PFS. However, previous clinical trials have
yielded inconsistent OS data, leading to controversy

regarding whether OS benefits are achieved. Notably,
OS outcomes in combined drug treatment groups in the
PALOMA-1 and PALOMA-3 studies did not demon-
strate statistically significant differences. Nevertheless,
recent updates from the MONALEESA-7 and MONA-
LEESA-3 studies suggest significantly better OS for HR+/
HER2- breast cancer in the CET group [11, 12, 41, 42].
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CET group PET group Risk Ratio Risk Ratio
-H, Fi % Cl M-H, Fixed, 95% Cl

1.1.1 Total adverse events
DAWNA-2 302 303 143 153 7.0% 1.07 [1.02, 1.11]
MONALEESA-2 331 334 323 334 11.9% 1.02[1.00, 1.05]
MONALEESA-3 235 237 124 128 6.0% 1.02[0.99, 1.06]
MONALEESA-7 283 288 273 290 10.1% 1.04 [1.01, 1.08]
MONARCH 3 323 328 152 165 7.5% 1.07 [1.02, 1.12]
PALOMA-2 439 444 212 222 10.5% 1.04 [1.00, 1.07]
PALOMA-4 168 169 155 171 5.7% 1.10[1.04, 1.15]
Subtotal (95% CI) 2103 1463  58.6% 1.05 [1.03, 1.06]
Total events 2081 1382
Heterogeneity: Chiz = 10.89, df = 6 (P = 0.09); 2 = 45%
Test for overall effect: Z = 6.81 (P < 0.00001)
1.1.2 Grade 3-5 adverse events Modified by Random-effects model
DAWNA-2 274 303 20 153  29% 6.92[4.59, 10.43] -
MONALEESA-2 297 334 140 334 3.1% 2.12[1.86, 2.42] -
MONALEESA-3 21 237 54 128 3.1% 2.11[1.71,2.60] -
MONALEESA-7 221 288 86 290 3.1% 2.59[2.14,3.12] -
MONARCH 3 191 328 40 165 3.0% 2.40[1.81,3.19] -
PALOMA-2 336 444 54 222 3.1% 3.11 [2.45, 3.95] -
PALOMA-4 149 169 36 171 3.0% 4.19[3.12, 5.63] u
Subtotal (95% CI) 2103 1463  21.3% 2.96 [2.30, 3.81] *
Total events 1679
Heterogeneity: Tau? = 0.10; Chi? = 52.40, df = 6 (P < 0.00001); I* = 89%
Test for overall effect: Z = 8.44 (P < 0.00001)
1.1.3 Serious adverse events
DAWNA-2 2 303 0 153 0.0% 2.53[0.12, 52.43] -1
MONALEESA-2 71 334 39 334 14% 1.82[1.27,2.61] -
MONALEESA-3 68 237 21 128 1.0% 1.75[1.13,2.71] e
MONALEESA-7 52 288 34 290 1.3% 1.54 [1.03, 2.30] _'_
PALOMA-2 87 444 28 222 14% 1.55 [1.05, 2.30] e
Subtotal (95% Cl) 1606 1127 51% 1.67 [1.37, 2.03] ¢
Total events 280 122
Heterogeneity: Chi? = 0.62, df = 4 (P = 0.96); I>= 0%
Test for overall effect: Z = 5.09 (P < 0.00001)
1.1.4 Adverse event leading to treatment discontinuation
DAWNA-2 1 303 0 153  0.0% 1.52[0.06, 37.09]
MONALEESA-2 25 334 7 33 03% 3.57[1.57,8.14] -
MONALEESA-3 21 237 5 128 02% 2.27[0.88, 5.87]
MONALEESA-7 10 288 9 290 0.3% 1.12[0.46, 2.71] -
MONARCH 3 54 328 5 165 02% 5.43[2.22,13.32) -
PALOMA-2 54 444 13 222 06% 2.08[1.16, 3.72] -
PALOMA-4 13 169 5 171 0.2% 2.63[0.96, 7.22] DUl
Subtotal (95% ClI) 2103 1463 1.9% 2.61[1.88, 3.62] *
Total events 178 44
Heterogeneity: Chi? = 7.42, df = 6 (P = 0.28); I = 19%
Test for overall effect: Z = 5.76 (P < 0.00001)
1.1.5 Adverse event leading to dose reduction Modified by Random-effects model
DAWNA-2 85 303 0 153 05%  86.63[5.41,1386.75] I —
MONALEESA-2 180 334 23 334 29% 7.83[5.21,11.75] -
MONALEESA-3 90 237 5 128 21% 9.72[4.05, 23.31] -
MONALEESA-7 219 288 108 290 3.1% 2.04[1.73, 2.40] -
MONARCH 3 152 328 10 165 2.6% 7.65[4.15, 14.10] -
PALOMA-2 160 444 3 222 17% 26.67 [8.61, 82.61] -
PALOMA-4 48 169 0 171 0.5% 98.14 [6.10, 1578.75] —_—
Subtotal (95% CI) 2103 1463  13.5% 11.70 [3.76, 36.36] .
Total events 934 149
Heterogeneity: Tau? = 1.89; Chi? = 141.69, df = 6 (P < 0.00001); I* = 96%
Test for overall effect: Z = 4.25 (P < 0.0001)
1.1.6 Adverse event leading to dose interruption Modified by Random-effects model
DAWNA-2 194 303 0 153  0.5% 197.06[12.37, 3140.36] —
MONALEESA-2 257 334 132 334  31% 1.95[1.68, 2.25] -
MONALEESA-3 78 237 4 128  2.0% 10.53 [3.95, 28.10] -
MONALEESA-7 89 288 15 290 27% 5.97 [3.54, 10.07] -
PALOMA-2 297 444 92 222 31% 1.61[1.36, 1.91] -
PALOMA-4 119 169 0 171 0.5% 241.81[15.16, 3857.06] —_—
Subtotal (95% CI) 1775 1298 12.0% 5.67 [2.59, 12.43] -
Total events 1034 243
Heterogeneity: Tau? = 0.66; Chi? = 124.63, df = 5 (P < 0.00001); I2 = 96%
Test for overall effect: Z = 4.34 (P < 0.0001)
1.1.7 Adverse event leading to death
DAWNA-2 3 303 2 183  0.1% 0.76 [0.13, 4.49] - 1
MONALEESA-2 4 334 1 334 0.0% 4.00 [0.45, 35.60] ]
MONALEESA-3 1237 0 128 0.0% 1.63[0.07, 39.63]
MONALEESA-7 0 288 0 290 Not estimable
MONARCH 3 1 328 2 165 0.1% 2.77[0.62, 12.34] 7
PALOMA-2 10 444 4 222 02% 1.25[0.40, 3.94] -
PALOMA-4 1 169 0 171 0.0% 3.04 [0.12, 73.99] ]
Subtotal (95% ClI) 2103 1463 0.5% 1.77 [0.88, 3.55] >
Total events 30 9
Heterogeneity: Chi? = 2.22, df = 5 (P = 0.82); > = 0%
Test for overall effect: Z = 1.60 (P = 0.11)
Total (95% CI) 13896 9740 100.0% 1.86 [1.80, 1.92] |
Total events 6216 2379

Heterogeneity: Chi? = 8588.16, df = 44 (P < 0.00001); I* = 99%
Test for overall effect: Z = 38.57 (P < 0.00001)

Test for subaroun differences: Chiz = 1211.37_ df = 6 (P < 0.00001). 12 = 99 5%

Fig.5 Forest plots of adverse events summary associated with CET group

In exploratory analyses of other secondary factors, this
study found that CET significantly improved the ORR in
the Intent-to-Treat (ITT) population. Incorporating data
from MONALEESA-7 and MONALEESA-3 did not alter
the overall conclusions of the study, and the consistency
between these study results increased the reliability of
the research. Furthermore, the analysis also confirmed

0.002

versus PET group

0.1

1

10 500

Favours CET group Favours PET group

that combined medication can increase the clinical ben-
efit rate, with statistically significant differences observed
[26, 32]. This contrasts with another meta-analysis,
which indicated no significant differences, suggesting
that the variation between the two study outcomes may
be related to more comprehensive data updates. As of
now, the MONALEESA-3 study, which has enrolled the
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Table 3 Any grade adverse events (>20% in the CET group)
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Adverse events Studies involved  CET group PET group Risk ratio [95% CIl] P
Event/total % Event/total %
Neutropenia 7 1570/2103 74.66%  106/1463 725%  10.92[7.62,15.65] <0.00001
White blood cell count decreased 2 328/662 4955%  50/499 10.02% 493 [1.74,13.99] 0.003
Leukopenia 7 900/2103 4280%  79/1463 5.40% 741 [5.69, 9.66] <0.00001
Nausea 6 726/1934 37.54%  301/1292 23.30% 1.67 [1.47,1.90] <0.00001
Fatigue 6 604/1800 3356%  359/1310 27.40% 1.18[1.05, 1.32] 0.003
Diarrhea 7 697/2103 33.14%  288/1463 19.69% 1.51[1.16, 1.96] 0.002
Anemia 7 670/2103 31.86%  122/1463 8.34% 3.64(2.57,5.14] <0.00001
Hypercalcemia 1 96/328 29.27%  50/165 30.30% 0.97[0.73,1.29] 0.81
Hyponatremia 1 90/328 2744%  37/165 22.42% 1.22[0.88,1.71] 0.24
Thrombocytopenia 4 328/1204 27.24%  27/836 3.23% 7.59[4.86, 11.86] <0.00001
Alopecia 6 472/1800 26.22%  159/1310 12.14% 2.10[1.78,2.48] <0.00001
Arthralgia 7 550/2103 26.15%  409/1463 27.96% 0.98 [0.88, 1.09] 0.61
Hot flush 4 305/1303 2341%  275/974 28.23% 0.86[0.71,1.05] 0.05
Headache 5 375/1631 2299%  257/1139 22.56% 1.05 [0.87, 1.26] 0.50
Vomiting 6 436/1934 22.54%  192/1292 14.86% 1.63[1.18,2.25] 0.003
Hypokalemia 2 110/497 2213%  29/336 8.63% 2.25[1.51,3.35] <0.0001
Hypocalcemia 1 72/328 2195%  28/165 16.97% 1.29[0.87,1.92] 0.20
Cough 5 320/1472 21.74%  201/1145 17.55% 1.21[1.03,142] 0.02
Aspartate aminotransferase increased 5 308/1422 21.66%  167/1113 15.00% 1.50[0.94, 2.41] 0.0002
Constipation 5 349/1631 2140%  182/1139 15.98% 1.37[1.16,1.62] 0.0001
Alanine aminotransferase increased 5 301/1422 21.17%  165/1113 14.82% 1.55[0.90, 2.66] 0.11
Back pain 5 331/1631 2029%  229/1139 20.11% 1.04[0.89,1.21] 0.64
Abbreviations CET: CDK4/6 inhibitors plus endocrine therapy; Cl: Confidence interval; PET: Placebo plus endocrine therapy; RR: Risk ratio
Table 4 Grade 3-5 adverse events (> 1% in the CET group)
Adverse events Studies involved  CET group PET group Riskratio[95% Cl] P
Event/total % Event/total %
Neutropenia 7 1249/2103 59.39%  20/1463 1.37% 6 [20.45, 86.90] <0.00001
Leukopenia 7 507/2103 2411%  7/1463 048%  27.95[12.00,65.11] <0.00001
White blood cell count decreased 2 86/662 1299%  3/499 060%  21.99[6.99,69.19] <0.00001
Hypertension 3 65/925 7.03%  57/777 7.34% 11[0.79,1.54] 0.55
Alanine aminotransferase increased 5 84/1422 591%  15/1113 1.35% 3.51[1.31,944] 0.01
Hypokalemia 2 25/497 503%  4/336 1.19% 3.06 [0.04, 240.13] 0.62
Anemia 7 105/2103 499%  25/1463 1.71% 245[1.54,3.89] <0.00001
Hyponatremia 1 16/328 488%  0/165 0.00% 16.65[1.01,275.82] 0.05
Aspartate aminotransferase increased 5 54/1422 3.80% 13/1113 1.17% 3.38[1.84,6.21] <0.0001
Thrombocytopenia 4 33/1204 2.74%  4/836 0.48% 445(141,14.02] 0.001
Diarrhea 7 51/2103 2.43% 10/1463 0.68% 2.53[1.16,5.53] 0.0008
Electrocardiogram QT prolonged 3 18/760 237%  3/614 0.49% 2.85[0.81,9.95] 0.03
Pneumonia 1 6/303 1.98%  1/153 0.65% 3.031[0.37,24.94] 0.30
Fatigue 6 33/1800 1.83%  5/1310 0.38% 3.76 [1.62,8.76] 0.002
Dyspnea 2 13/778 167%  5/556 0.90% 1.77 [0.38,8.34] 0.20
Back pain 5 27/1631 1.66%  9/1139 0.79% 0[0.97,4.52] 0.03
y-Glutamyltransferase increased 3 12/760 1.58%  13/614 2.12% 0.72[0.33,1.61] 0.52
Vomiting 6 27/1934 140%  12/1292 0.93% 1.39[0.49,3.91] 0.14
Hypokalaemia 1 4/303 132%  0/153 0.00% 4.56[0.25, 84.14] 0.31
Asthenia 3 13/1035 1.26%  0/665 0.00% 4.66[0.82, 26.49] 0.04
Abdominal pain 3 13/1060 1.23%  3/677 0.44% 9[0.67,7.18] 0.16
Blood creatinine increased 2 7/631 1.11%  0/318 0.00% 7.571043,131.71] 0.16
Dyspnoea 1 3/288 1.04%  1/290 0.34% 3.021[0.32,2887] 034

Abbreviations: CET: CDK4/6 inhibitors plus endocrine therapy; Cl: Confidence interval; PET: Placebo plus endocrine therapy; RR: Risk ratio
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Fig. 6 Funnel plots of survival summary (A), OSR (B), responses (C), and AEs summary (D) associated with CET group versus PET group

most patients, indicates that Ribociclib combined with
fulvestrant, compared to fulvestrant alone, offers a higher
ORR and a clear PFS benefit advantage, consistent with
the results of this study [26]. These findings underscore
the significant impact of CET on the efficacy for patients
with HR+/HER2- breast cancer.

The subgroup analysis indicate consistent improvement
in OS and PFS prognosis across the included subgroups,
even though some subgroups did not show statistically
significant differences in OS. A systematic review con-
ducted by Piezzo et al. demonstrated that CDK4/6 inhibi-
tors improved PFS prognosis regardless of the presence
of metastases, including bone metastases [43]. This result
aligns with our findings, suggesting that CET is particu-
larly effective for patients with visceral metastases. How-
ever, when considering OS outcomes, the study by Lin et

al. suggested OS benefits for patients with visceral metas-
tases [44]. In contrast, our study’s results indicated that
patients with bone metastases also experienced improved
OS prognosis. Nonetheless, it’s essential to acknowl-
edge that the number of studies and total patient num-
bers varied across subgroups, suggesting potential bias.
Therefore, further expansion of the study population is
warranted to validate these findings. Importantly, our
study found that patients who had previously received ET
exhibited similar OS and PFS benefits compared to those
who had not undergone adjuvant or neoadjuvant ET. Pre-
clinical research suggested cyclin D-CDK4/6-retinoblas-
toma pathway changes link to breast cancer’s endocrine
resistance. Thus, the CET could potentially offer clinical
efficacy to the patients with HR+/HER2- breast cancer
experiencing progression after ET [38].
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In terms of safety, our results suggested that CET
increased the incidence rates of neutropenia, decreased
white blood cell count, leukopenia, and anemia in both
any grade and grade 3-5 AEs. This suggests that CDK4/6
inhibitors may contribute to a higher frequency of hema-
totoxic AEs, with neutropenia being the most common,
occurring at rates of 74.66% in any grade and 59.39%
in grade 3-5, significantly higher than other adverse
event rates. However, unlike chemotherapy drugs that
induce DNA damage and cell apoptosis, CDK4/6 inhibi-
tors primarily inhibit progenitor cells of neutrophils,
thereby arresting the cell cycle and causing neutrope-
nia, which often resolves quickly upon discontinuation
of the CDK4/6 inhibitors [45]. This highlights the con-
trollability of Neutropenia risk associated with CDK4/6
inhibitors, with no severe death events reported due to
Neutropenia. Nonetheless, close monitoring of patients’
blood counts is still essential during CDK4/6 inhibitor
use to promptly prevent or manage serious AEs [46].
The incidence of Grade 3-5 hypertension is higher in
the CET group, highlighting the importance of monitor-
ing blood pressure, managing thromboembolic risks, and
addressing cardiovascular health in patients undergoing
CDK4/6 inhibitor therapy. Meanwhile, in CDK4/6 inhibi-
tor therapy, interstitial lung disease (ILD) is a rare but
serious adverse event that requires close monitoring. In
our analysis, the incidence of ILD is higher in the CET
group (without statistical significance). To effectively
manage ILD, it is recommended to conduct baseline
lung function assessments and high-resolution chest CT
scans before treatment, and regularly monitor respiratory
symptoms and lung function changes during treatment
[47]. If suspected ILD symptoms occur, treatment should
be immediately paused, and further lung evaluations and
appropriate medical interventions should be carried out
[48].

Limitations of this study: (1) Including only English
articles may introduce language bias; (2) The research
includes fewer than 10 studies, and although a funnel plot
test did not show significant publication bias, accurately
determining publication bias results remains challeng-
ing. (3) No individual patient data hindered patient-level
meta-analysis, possibly reducing clinical value. (4) Differ-
ences in follow-up times among RCTs may increase data
heterogeneity.

Conclusion

CET appears to outperform PET in HR+/HER2-
advanced breast cancer, demonstrating improved survival
(OS and PFS) and responses. Survival benefits were con-
sistent across most subgroups. However, the increased
incidence of AEs, particularly hematologic AEs, requires
careful consideration. Due to the limited number and
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quality of included studies, these conclusions require fur-
ther validation through high-quality research.
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