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Abstract: This study aimed to explore the clinical efficacy of palbociclib, ribociclib, and abemaciclib in hormone re-
ceptor-positive, human epidermal growth factor receptor 2-negative (HR*/HERZ2") advanced breast cancer (ABC) and
to identify factors influencing treatment outcomes. A retrospective analysis was conducted on the clinicopathologi-
cal data from 240 patients treated between January 2022 and June 2023. Patients were divided into three groups:
Group A (n=69, palbociclib 125 mg orally, 3 weeks on/1 week off, plus fulvestrant), Group B (n=72, ribociclib 600
mg orally, 3 weeks on/1 week off, plus fulvestrant), Group C (n=99, abemaciclib 150 mg orally, twice daily, plus
fulvestrant). The primary endpoint was real-world progression-free survival (rwPFS); secondary endpoints included
objective response rate (ORR), clinical benefit rate (CBR), duration of response (DoR), patient-reported outcomes
(PROs), and adverse events (AEs). Multivariate Cox regression analysis was performed to identify prognostic factors.
Baseline characteristics were comparable among groups (P>0.05). In first-line treatment, ribociclib and abemaciclib
showed a trend toward longer rwPFS compared with palbociclib. Abemaciclib had a higher 24-month ORR compared
to palbociclib (P=0.049) and the longest DoR (all P<0.05), but was associated with the greatest decline in PRO
(31.31% meaningful deterioration). The most common AEs were neutropenia with palbociclib, hepatotoxicity/QT
prolongation with ribociclib, and diarrhea with abemaciclib. In the first-line treatment of HR*/HER2 ABC, ribociclib
and abemaciclib may offer a modest advantage in PFS, while abemaciclib may be superior in inducing objective
tumor responses. However, neither drug exhibits comprehensive superiority across all endpoints. Therefore, clinical
treatment decisions should take consideration of multiple factors based on individualized medicine protocol.
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Introduction

Cancer is a major global health burden, with
breast cancer being the most prevalent malig-
nancy among women [1]. According to 2022
global cancer statistics, breast cancer accounts
for 11.6% of all new cancer cases and 6.9% of
all cancer-related deaths worldwide; among
women, it constitutes approximately 24% of
new cancer cases and 15% of cancer-related
deaths [2]. Most breast cancers are hormone-
driven, with about 70% expressing hormone
receptors such as estrogen receptor (ER) [3].
For patients with hormone receptor-positive
(HR*) advanced breast cancer (ABC), endocrine
therapy has long been the standard treatment

due to its favorable efficacy-toxicity profile [4].
However, 30-50% of patients eventually devel-
op acquired resistance within 12-24 months,
leading to disease progression [5]. Mechanis-
tically, drug resistance involves adaptive chang-
es in cancer cells, including modification of
estrogen receptors or activation of compensa-
tory signaling pathways, which promote tumor
growth even under continuous treatment [6].

Cyclin-dependent kinases 4 and 6 (CDK4/6)
are key regulators of cell cycle progression, and
their hyperactivation in breast cancer drives
uncontrolled cellular proliferation [7]. Endocrine
therapy alone often fails to fully suppress this
pathway, contributing to treatment resistance.
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Mechanistically, CDK4/6 complexes with cyclin
D to phosphorylate and inactivate retinoblasto-
ma protein (Rb), facilitating G1-to-S phase tran-
sition [8, 9].

Currently, three CDK4/6 inhibitors - palbociclib,
ribociclib, and abemaciclib - are approved glob-
ally for HR*/HER2 ABC and have become the
standard of care when combined with endo-
crine therapy [10, 11]. Despite targeting the
same pathway, these agents differ in kinase
selectivity, target engagement, half-life, tissue
distribution, and dosing schedules, which may
translate into variable efficacy and safety, par-
ticularly in endocrine-resistant settings. How-
ever, direct head-to-head comparative studies
among the three inhibitors remain lacking [12,
13]. Moreover, prior phase lll trials differed sub-
stantially in patient populations, endpoint defi-
nitions, and follow-up durations, complicating
cross-trial comparisons [14]. Strict eligibility
criteria in these trials often excluded patients
with significant comorbidities or advanced age,
limiting the generalizability of trial findings to
real-world practice [15, 16]. Therefore, compar-
ative studies capturing not only efficacy and
safety but also patient-reported outcomes are
warranted to inform individualized treatment
decisions [17, 18].

In this study, we compared treatment respons-
es among 240 patients with HR*/HER2 ABC
who received a combination of CDK4/6 inhibi-
tors and fulvestrant. The aim of this study is to
provide evidence to support personalized ther-
apeutic strategies that optimize both patient
quality of life and long-term prognosis.

Research methods
Research subjects

This retrospective study included 240 patients
diagnosed with hormone receptor-positive, hu-
man epidermal growth factor receptor 2-nega-
tive (HR*/HER2) ABC. All patients were treated
at our hospital from January 2022 to June
2023. Based on the CDK4/6 inhibitor adminis-
tered, the patients were divided into three
cohorts: Group A (n=69) received palbociclib,
Group B (n=72) treated with ribociclib, and
Group C (n=99) treated with Abemaciclib.

Inclusion criteria

1. Age =18 years, female (male breast cancer
patients excluded due to extremely limited
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sample size); 2. Pathologically confirmed breast
cancer via histology or cytology, with immuno-
histochemistry demonstrating HR-positive and
HER2 negative status; 3. Diagnosis of advan-
ced breast cancer (presence of local recur-
rence or distant metastasis, with measurable
or evaluable lesions per RECIST 1.1); 4. Re-
ceiving first-line treatment (defined as no prior
systemic anticancer therapy at advanced stage,
or recurrence/metastasis occurring >1 year
after completion of adjuvant endocrine thera-
py); 5. Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score of 0-2; 6.
Baseline cardiac, hepatic, and renal function
within normal limits; 7. Complete clinical docu-
mentation, including pathology reports, imag-
ing studies, treatment records, and follow-up
data [19, 20].

Exclusion criteria

1. Concurrent malignant tumors (excluding
curable tumors); 2. Active infections (e.g., sep-
sis, active tuberculosis) or severe systemic dis-
eases (e.g., severe heart failure, decompensat-
ed cirrhosis); 3. History of QT interval prolonga-
tion, congenital long QT syndrome, or concur-
rent use of medications known to prolong the
QT interval (e.g., fluconazole, erythromycin); 4.
Pregnant or lactating women; 5. Hypersensiti-
vity to palbociclib, ribociclib, abemaciclib, or ful-
vestrant components; 6. Treatment interrup-
tion exceeding 2 weeks due to non-progres-
sion-related reasons (e.g., severe adverse
reactions) without resumption of therapy; 7.
Incomplete follow-up data preventing efficacy
or safety assessment [20, 21].

Ethical statement

This study was conducted in accordance with
the ethical principles outlined in the Declaration
of Helsinki [22] and was approved by the ethics
committee of Ganzhou Fifth People’s Hospital.
Due to the retrospective design, the require-
ment for informed consent was waived by the
ethics committee, and all patient data were
anonymized prior to analysis.

Research design

All patients received CDK4/6 inhibitor therapy
in combination with fulvestrant, with specific
regimens as follows [23, 24]:

1. Group A (Palbociclib Group): Palbociclib (125
mg/tablet, Pfizer Pharmaceuticals Co., Ltd.,
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National Drug Approval Number J20180042):
125 mg orally once daily for 21 consecutive
days, followed by a 7-day drug-free interval,
constituting one cycle; Fulvestrant (500 mg/
vial, AstraZeneca Pharmaceuticals Co., Ltd.,
National Drug Approval Number J20190024):
500 mg intramuscular injection (alternating
sides of the buttocks) on Days 1, 15, and 29 of
Cycle 1; 500 mg injection on Day 1 of each sub-
sequent 30-day cycle.

2. Group B (Ribociclib Group): Ribociclib (200
mg/tablet, Novartis Pharmaceuticals Co., Ltd.,
National Drug Approval No. J20200009): 600
mg orally once daily for 21 consecutive days,
followed by a 7-day drug-free interval to com-
plete one cycle. Fulvestrant: 500 mg intramus-
cular injection (alternating sides of the but-
tocks) on Days 1, 15, and 29 of Cycle 1; 500
mg injection on Day 1 of each subsequent
28-day cycle (dose adjustment same as Group
A).

3. Group C (Abemaciclib Group): Abemaciclib
(150 mg/tablet, Eli Lilly and Company, China
Drug Approval No. J20210018): 150 mg orally
twice daily continuously (no drug-free interval).
In the event of Grade >3 adverse reactions, the
dose was reduced to 100 mg twice daily; if
intolerance persisted, the dose was further
reduced to 50 mg twice daily. Fulvestrant
administration follows Group A protocol.

The sample size was determined based on the
total number of eligible patients treated at our
center during the study period. To ensure ade-
quate statistical power for the primary endpoint
(real-world progression-free survival [rwPFS]),
a minimum of 210 patients was estimated,
assuming a two-sided significance level of
0.05, a power of 80%, and an expected hazard
ratio of 0.65 between treatment groups. Ul-
timately, 240 eligible patients were included.

All patients received supportive care tailored to
their assigned therapy. Palbociclib group: pro-
phylactic use of granulocyte colony-stimulating
factor (G-CSF) if prior Grade 3 neutropenia occ-
urred; Ribociclib group: regular monitoring of
liver function and electrocardiogram; Abema-
ciclib group: prophylactic use of loperamide
after first episode of diarrhea.

Observation indicators

Baseline data: Pre-treatment collection of
patient demographics (age, body mass index
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[BMI], ECOG PS score), pathological character-
istics (histological type, ER/PR positivity inten-
sity), disease features (metastatic sites: viscer-
al metastases including lung, liver, brain metas-
tases; bone metastases; lymph node metasta-
ses), endocrine resistance status and comor-
bidities (e.g., hypertension, diabetes), and co-
morbidities (e.g., hypertension, diabetes).

Primary endpoint: rwPFS [25]: Defined as the
time from treatment initiation to the first docu-
mented evidence of disease progression or
death from any cause, based on routine clinical
assessments, including imaging reports and
clinical records, rather than protocol-scheduled
radiological evaluations. Patients without pro-
gression or death by the last follow-up were
censored at the date of last contact. This defini-
tion reflects the variability in real-world assess-
ment intervals and clinical practice patterns.

Secondary endpoints: (1) Objective Response
Rate (ORR) [25]: Proportion of patients achiev-
ing a complete response (CR) or a partial res-
ponse (PR), as defined by the RECIST 1.1 crite-
ria; (2) Clinical Benefit Rate (CBR) [26]: Propor-
tion of patients achieving CR, PR, or stable dis-
ease (SD) for 26 months; (3) Duration of Res-
ponse (DoR) [27]: Time from the first CR or PR
to disease progression or death, censored at
last assessment for patients without progres-
sion; (4) Patient-Reported Outcomes (PROs)
[28]: Assessed using the EORTC QLQ-C30
(Version 3.0), including the Overall Quality of
Life Score (0-100 points). Clinically significant
deterioration was defined as a >10 points
decrease in the Overall Quality of Life Score; (5)
Safety endpoints [29]: Adverse events were
recorded according to the CTCAE version 5.0,
including: incidence rates calculated based on
the drug-exposed population; (6) Cox multivari-
ate analysis: Variables potentially influencing
rwPFS (age, ECOG PS score, visceral metasta-
sis, bone metastasis, lymph node metastasis,
endocrine resistance, treatment regimen) were
internally analyzed using univariate Cox analy-
sis. Variables with P<0.1 were included in the
multivariate Cox proportional hazards regres-
sion analysis.

Statistical analysis

Statistical analyses were performed using
SPSS 25.0. Quantitative variables with normal
distribution were reported as mean + standard
deviation (x £ s) and compared between groups
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Table 1. Comparison of baseline characteristics among three groups [mean = SD, n (%)]

A (Palbociclib,

B (Ribociclib,

C (Abemaciclib,

Variable n=69) n=72) n=99) Test F/x? P
Age (years) 54.15+8.65 53.81+9.15 55.14+8.33 ANOVA 0.543 0.582
BMI (kg/m?) 23.51+3.12 22.91+2.86  23.24+3.05 ANOVA 0.707 0.494
ECOG PS Score, n (%) Chi-Square Test 0.479 0.976
0 41 (59.42) 45 (62.50) 62 (62.63)
1 24 (34.78) 23 (31.94) 33(33.33)
2 4 (5.80) 4 (5.56) 4 (4.04)
Pathological Type, n (%) Chi-Square Test 0.376 0.984
Ductal carcinoma 52 (75.36) 55 (76.39) 76 (716.77)
Lobular carcinoma 12 (17.39) 13 (18.06) 18 (18.18)
Other 5 (7.25) 4 (5.56) 5 (5.05)
ER Positive Intensity, n (%) Chi-Square Test 0.438 0.979
Strong positive (275%) 38 (55.07) 40 (55.56) 56 (56.57)
Positive (10%-74%) 25 (36.23) 27 (37.50) 37 (37.37)
weak positive (1%-9%) 6 (8.70) 5 (6.94) 6 (6.06)
PR Positive Intensity, n (%) Chi-Square Test 0.418 0.981
Strong positive (275%) 32 (46.38) 33 (45.83) 45 (45.45)
Positive (10%-74%) 26 (37.68) 28 (38.89) 41 (41.41)
weak positive (1%-9%) 11 (15.94) 11 (15.28) 13 (13.13)
Transfer site, n (%)
Visceral metastasis 31(44.93) 33 (45.83) 45 (45.45) Chi-Square Test 0.012 0.994
Bone metastasis 28 (40.58) 30 (41.67) 42 (42.42) Chi-Square Test 0.057 0.972
Lymph node metastasis 25 (36.23) 27 (37.50) 38(38.38) Chi-Square Test 0.080 0.961
Endocrine resistance, n (%) 22 (31.88) 24 (33.33) 32(32.32) Chi-Square Test 0.036 0.982
Comorbidities, n (%)
Hypertension 18 (26.09) 19 (26.39) 28 (28.28) Chi-Square Test 0.124 0.940
Diabetes 12 (17.39) 13 (18.06) 17 (17.17) Chi-Square Test 0.023 0.988

Note: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; PR,

progesterone receptor.

using one-way analysis of variance (ANOVA).
Non-normally distributed continuous data were
presented as median (interquartile range, IQR),
and categorical data as n (%). Multiple pair-
wise comparisons among the three treatment
groups (palbociclib, ribociclib, and abemaciclib)
were adjusted using the Bonferroni correction
to control family-wise type | error. Group com-
parisons for categorical variables were con-
ducted using the chi-square test. Survival anal-
yses were conducted using Kaplan-Meier cur-
ves, with group differences assessed using the
log-rank test. Variables with a P-value <0.1 in
univariate analysis were incorporated into a
multivariate Cox proportional hazards regres-
sion model to identify independent prognostic
factors.
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Results
Baseline characteristics

No statistically significant differences were
observed among the three groups in terms of
age, BMI, ECOG PS score, histological type, ER/
PR positivity intensity, metastatic sites (viscer-
al, bone, lymph node), endocrine resistance
status, or comorbidities (hypertension, diabe-
tes) (all P>0.05) (Table 1).

Primary efficacy outcome (rwPFS)

During 24-month follow-up, 89 patients (37.1%)
experienced disease progression, and 12 pa-
tients (5.0%) died. Kaplan-Meier analysis (Fi-
gure 1) revealed: Group B (Ribociclib) had a
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Figure 1. Comparison of rwPFS among three groups.

median rwPFS of 20.6 months (95% Cl: 19.8-
21.5 months); Group C (Abemaciclib) had a
median rwPFS of 22.8 months (95% Cl: 21.1-
23.8 months). Log-rank test results showed:
Group B demonstrated a significant prolonga-
tion of rwPFS compared to Group A (x?=30.878,
P=0.000); Group C demonstrated a significant
prolongation of rwPFS compared to Group A
(x>=67.946, P=0.000); Groups B and C showed
no significant difference (x>=6.569, P=0.220).

Secondary efficacy outcomes

Objective Response Rate (ORR) and Clinical
Benefit Rate (CBR): Table 2 summarizes ORR
and CBR across the three groups. Regarding
ORR: Group C (45.5%) was significantly higher
than Group A (30.4%) (x?=3.846, P=0.049), but
not significantly different from Group B (34.7%)
(x>=1.986, P=0.159). The overall comparison
among the three groups was not statistically
significant (x?=4.343, P=0.114). Regarding
CBR: the rate was 69.6% in Group A, 72.2% in
Group B, and 74.7% in Group C, with no signifi-
cant difference (x>=0.552, P=0.759).

Duration of Relief (DoR): Among patients
achieving CR/PR (Group A: 21 cases, Group B:
25 cases, Group C: 45 cases), the median DoR
was was 14.3 months (95% CI. 12.7-15.8
months) in Group A, 15.6 months (95% ClI:
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14.9-16.3 months) in Group B, and 19.8
months (95% CI: 18.9-20.6 months) in Group C.
Intergroup comparisons revealed that Group C
had a significantly longer DoR than Group A
(Log-rank x?=12.496, P=0.002) and Group B
(Log-rank x?=9.037, P=0.009). No significant
difference was observed between Groups A
and B (Log-rank x?=2.521, P=0.117) (Table 3).

PROs

Table 4 shows the changes in overall quality of
life (QoL) scores before and after treatment
across the three groups. There was no signifi-
cant difference in overall QoL scores among
the three groups prior to treatment (P=0.773);
At 3 months, 6 months, and at the end of treat-
ment, all groups experienced a decline from
baseline, with Group C (-12.81+10.57) exhibit-
ing a significantly greater decline than Group A
(-5.31+11.27) and Group B (-4.81+12.10) (all
P<0.05). The proportion of patients experienc-
ing clinically significant deterioration (=10-point
decrease) was significantly higher in Group C
(31.31%) than in Groups A (15.94%) and B
(18.06%) x?=6.814, P=0.033).

Safety profile

All three groups completed at least two treat-
ment cycles, and no patients discontinued ther-
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Table 2. Comparison of ORR and CBR among three groups [n (%)]

Variable A (n=69) B (n=72) C (n=99) Test Ve P
ORR Chi-Square Test 4.343 0.114
CR 3(4.35) 4 (5.56) 8 (8.08)
PR 18 (26.09) 21 (29.17) 37 (37.37)
Total 21 (30.43) 25 (34.72) 45 (45.45)
CBR Chi-Square Test 0.552 0.759
CR+PR 21 (30.43) 25 (34.72) 45 (45.45)
SD >6 months 27 (39.13) 27 (37.50) 29 (29.29)
Total 48 (69.56) 52 (72.22) 74 (74.75)
Note: CR, complete response; PR, partial response; SD, stable disease.
Table 3. Comparison of median DoR among three groups
Group in’i:ar:::irsc();) Mfrg:)anth?R 95% ClI Log-rank x? value
A 21 14.3 12.7-15.8 vs C: 12.496 vs C: 0.002
Vs B: 2.521 vs B: 0.117
B 25 15.6 14.9-16.3 Vs C: 9.037 vs C: 0.009
C 45 19.8 18.9-20.6

Note: DoR, duration of response.

Table 4. Comparison of overall QoL scores among three groups before and after treatment

(xts, points)

Effect

Time A (n=69) B (n=72) C (n=99) Test size P-value
Baseline 80.21+9.75 81.32+9.86 81.24+9.81 ANOVA 0.257 0.773
Treatment at 3 months 77.66+11.18 78.65+10.91 73.23+11.76 ANOVA 5.614 0.004
Treatment at 6 months 76.43+11.86 77.23+11.29 70.14+12.14 ANOVA 9.434 0.001
Treatment completion 74.96+11.05 76.50+10.44 68.42+10.41 ANOVA 14.237  <0.001
Change value (end - baseline) -5.31411.27 -4.81+12.10 -12.81+10.57 ANOVA 13.864 <0.001
Clinical significance deterioration [n (%)] 11 (15.94) 13 (18.06) 31(31.31) Chi-Square Test  6.814 0.033
Note: QoL, quality of life.
apy due to severe adverse reactions (AESs). Group A (2.90%) and Group C (3.03%)

Table 5 presents the incidence of AEs across
the three groups. Grade 3-4 AEs: 50.72%
(35/69) in Group A, 44.44% (32/72) in Group B,
and 38.38% (38/99) in Group C, with no signifi-
cant intergroup differences (P=0.281).

Hematologic toxicity: The incidence of Grade
3-4 neutropenia in Group A (40.58%) was sig-
nificantly higher than that in Group B (20.83%)
and Group C (10.10%) (x?=22.04, P<0.001);
Hepatotoxicity: The incidence of Grade 3-4 ALT/
AST elevation in Group B (16.67%) was signifi-
cantly higher than in Group A (5.80%) and
Group C (6.06%) (x>=6.952, P=0.031); Cardio-
vascular toxicity: QTcF 2470 ms was observed
more frequently in Group B (11.11%) than in
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(x>=6.356, P=0.042); No QT interval-related
arrhythmias were reported; Gastrointestinal to-
xicity: Grade 3-4 diarrhea was more frequent
in Group C (13.13%) compared with Group A
(2.90%) and Group B (5.56%) (x*>=6.505,
P=0.039); Other adverse events (e.g., fatigue,
nausea, alopecia) were predominantly Grade
1-2, with no significant differences among the
three groups (all P>0.05).

Multivariate Cox regression analysis of factors
affecting rwPFS

Univariate analysis: Univariate Cox regression

was performed to assess potential factors
influencing rwPFS, including rwPFS, ECOG PS

Am J Cancer Res 2026;16(5):1805-1816
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Table 5. Comparison of the incidence of Grade 3-4 adverse events among three groups [n (%)]

Adverse events A(n=69) B(n=72)  C(n=99) Test Esflf:’gt P-value
Hematologic Toxicity

Neutropenia 28 (40.58) 15(20.83) 10(10.10) Chi-Square Test 22.045 <0.001

Thrombocytopenia 3(4.35) 2(2.78) 3(3.03) Chi-Square Test 0.318 0.853

Anemia 2 (2.90) 1(1.39) 2(2.02) Chi-Square Test 0.397 0.820
Hepatotoxicity

Elevated ALT/AST 4 (5.80) 12 (16.67) 6 (6.06) Chi-Square Test 6.952 0.031

Elevated bilirubin 1(1.45) 2(2.78) 1(1.01) Chi-Square Test 0.796  0.672
Cardiovascular toxicity

QT interval prolongation 2 (2.90) 8(11.11) 3(3.03) Chi-Square Test 6.356 0.042

Hypertension 3(4.35) 4 (5.56) 5 (5.05) Chi-Square Test 0.109 0.947
Gastrointestinal Toxicity

Diarrhea 2 (2.90) 4 (5.56) 13 (13.13) Chi-Square Test 6.503 0.039

Nausea and Vomiting 3(4.35) 2(2.78) 4 (4.04) Chi-Square Test 0.280 0.869
Other

Fatigue 4 (5.80) 5 (6.94) 7 (7.07) Chi-Square Test 0.119 0.942

Hair loss 5 (7.25) 6 (8.33) 8 (8.08) Chi-Square Test  0.063  0.969

Total Grade 3-4 adverse events 35 (50.72) 32 (44.44) 38(38.38) Chi-Square Test 2.536 0.281

Note: AE, adverse event; ALT/AST, alanine aminotransferase/aspartate aminotransferase; QT interval, QT interval corrected for

heart rate.

score, visceral metastasis, bone metastasis,
lymph node metastasis, endocrine resistance,
treatment regimen (Table 6). The analysis re-
vealed that treatment regimen was significantly
associated with rwPFS: ribociclib vs. palbociclib
(HR=0.177,95% CI: 0.101-0.314, P<0.001); ab-
emaciclib vs. palbociclib (HR=0.069, 95% CI:
0.038-0.127, P<0.001). Other variables, includ-
ing ECOG PS score =1, visceral metastasis,
endocrine resistance, lymph node metastasis,
and bone metastasis, were not statistically sig-
nificant (all P>0.05) and therefore not included
in the multivariate model.

Multivariate analysis: Multivariate Cox regres-
sion analysis (Table 7) confirmed that treat-
ment regimen remained the only independent
factor associated with rwPFS. Specifically, com-
pared with palbociclib, ribociclib (HR=0.177,
95% Cl: 0.101-0.314, P<0.001) and abemaci-
clib (HR=0.069, 95% CI: 0.038-0.127, P<0.001)
were both independently associated with sig-
nificantly longer rwPFS. No other clinical vari-
ables, including visceral metastasis, endocrine
resistance, or ECOG PS score, were retained in
the final multivariate model, consistent with the
univariate results.
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Discussion

This study retrospectively analyzed real-world
data from 240 patients with HR*/HER2 ABC. To
our knowledge, it represents one of the first
single-center direct comparisons of the effica-
cy, safety, and PROs among the three CDK4/6
inhibitors - palbociclib, ribociclib, and abemaci-
clib - each combined with fulvestrant.

In terms of the primary endpoint of rwPFS, both
ribociclib and abemaciclib demonstrated sig-
nificant prolongation compared with palboci-
clib, whereas no statistically significant differ-
ence was observed between ribociclib and abe-
maciclib. These finding suggest that, in the first-
line treatment of HR*/HER2  ABC, both riboci-
clib and abemaciclib may offer a marginal ad-
vantage over palbociclib in delaying disease
progression. However, the absence of a signifi-
cant difference between ribociclib and abe-
maciclib indicates that neither agent can be
conclusively regarded as superior to the other
based solely on rwPFS [30].

Regarding secondary efficacy endpoints, abe-
maciclib demonstrated a higher ORR and a sig-
nificantly longer DoR. These results indicate
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Table 6. Univariate Cox regression analysis of factors affecting rwPFS in HR*/HER2 advanced breast

cancer patients

Variables B SE Wald HR 95% Cl P value
Age 0.008 0.012 0.489 1.008 0.985-1.032 0.485
ECOG PS Score 21 -0.170 0.205 0.686 0.844 0.565-1.261 0.407
Visceral Metastasis -0.045 0.202 0.049 0.956 0.643-1.421 0.825
Endocrine Resistance 0.189 0.221 0.737 1.209 0.784-1.863 0.391
Lymph Node Metastasis -0.037 0.205 0.032 0.964 0.644-1.441 0.857
Bone Metastasis 0.023 0.203 0.012 1.023 0.688-1.522 0.911
Treatment Regimen

Ribociclib vs. Palbociclib -1.728 0.291 35.329 0.177 0.101-0.314 <0.001

Abemaciclib vs. Palbociclib -2.669 0.310 73.955 0.069 0.038-0.127 <0.001

Table 7. Multivariate Cox regression analysis of factors affecting rwPFS in HR*/HER2 advanced

breast cancer patients

Variables B SE Wald HR 95% Cl P
Treatment Regimen
Ribociclib vs. Palbociclib -1.728 0.291 35.329 0.177 0.101-0.314 <0.001
Abemaciclib vs. Palbociclib -2.669 0.310 73.955 0.069 0.038-0.127 <0.001

that, while abemaciclib may be more effective
in inducing tumor shrinkage and maintaining
response among patients achieving an objec-
tive response, this advantage did not translate
into a statistically significant improvement in
rwPFS compared with ribociclib. No significant
differences in CBR were observed among the
three groups.

The differential efficacy profiles observed acr-
0ss endpoints may be attributable to distinct
pharmacological properties of these agents.
Abemaciclib is administered continuously (twi-
ce daily without a drug-free interval), whereas
palbociclib and ribociclib follow a 3-weeks-on/
1-week-off schedule. Preclinical studies have
suggested that continuous CDK4/6 inhibition
may provide more sustained suppression of
tumor cell proliferation [8]. Additionally, abe-
maciclib targets multiple intracellular kinases
beyond CDK4/6, including CDK9 and PIM
kinases. Clinically, ribociclib has been associ-
ated with the highest risk of hepatotoxicity
among the three inhibitors, a phenomenon that
may be related to its inhibitory effects on he-
patic transporters rather than differences in
metabolic pathways [31-34]. However, these
mechanisms were not directly tested in our
study and should be interpreted cautiously as
potential explanatory factors rather than con-
clusions drawn from the present data.
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In terms of safety, three CDK4/6 inhibitors ex-
hibited distinct toxicity profiles consistent with
findings from phase Il trials. Palbociclib was
associated with the highest incidence of gra-
de 3-4 neutropenia (40.58%), which is consis-
tent with its potent inhibitory activity against
CDK4/6 in hematopoietic stem cells [35]. Ri-
bociclib showed a higher incidence of grade
3-4 hepatotoxicity (16.67%) and QTc interval
prolongation (11.11%), highlighting the need for
regular monitoring of liver function and electro-
cardiograms during treatment. Abemaciclib
was associated with a significantly higher inci-
dence of grade 3-4 diarrhea (13.13%), empha-
sizing the importance of proactive gastrointes-
tinal management. These distinct safety pro-
files underscore the importance of individual-
ized treatment selection based on patient
comorbidities and tolerance, as no single agent
demonstrated a uniformly favorable safety
profile.

A key contribution of this study is the inclusion
of PROs, which revealed significant differences
in quality of life among the three groups. Al-
though baseline overall QoL scores were com-
parable, the abemaciclib group experienced a
significantly greater decline at 3 months, 6
months, and at the end of treatment compared
with the palbociclib and ribociclib groups. The
proportion of patients experiencing clinically
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meaningful deterioration was also significan-
tly higher in the abemaciclib group (31.31%)
than in the palbociclib (15.94%) and ribociclib
(18.06%) groups. These findings suggest that
the superior efficacy of abemaciclib in terms of
ORR and DoR may come at the cost of a more
pronounced negative impact on patients’ daily
functioning and well-being, likely attributable to
its higher incidence of diarrhea and other treat-
ment-related symptoms. This trade-off between
efficacy and quality of life should be carefully
considered in clinical decision-making, particu-
larly for patients with lower symptom burden or
higher baseline quality of life expectations [36].

In this study, both univariate and multivariate
Cox regression analyses showed that treat-
ment regimen (ribociclib or abemaciclib vs. pal-
bociclib) was the only factor independently
associated with rwPFS. Other clinical variables,
including visceral metastasis, endocrine resis-
tance, and ECOG PS score, did not reach statis-
tical significance in our cohort. Collectively, our
findings suggest that while ribociclib and abe-
maciclib may offer advantages over palbociclib
in terms of rwPFS, and abemaciclib demon-
strates superiority in ORR and DoR, no single
CDK4/6 inhibitor exhibits comprehensive supe-
riority across efficacy, safety, and PRO end-
points. The choice of agent should therefore
be individualized, taking into account not only
efficacy considerations but also patient-specif-
ic factors such as comorbidity profile, tumor
characteristics, and patient preferences re-
garding quality of life and treatment-related
side effects.

Research limitations

There are several limitations of this study. First
of all, single-center design may introduce selec-
tion bias, as treatment decisions are often
influenced by the patient comorbidities. Se-
cond, reliance on medical records and imaging
follow-up may result in data inconsistency,
potentially affecting the accuracy of efficacy
assessments. The relatively small sample size
and the homogeneous patient population limit
the generalizability of the findings. Third, the
follow-up time was relatively short, making it
difficult to assess the long-term efficacy differ-
ences. In addition, key biomarker analyses
(such as ER mutations) were not included, pre-
cluding more individualized treatment evalua-
tion. Only a single questionnaire was used for
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the QoL assessment, which may be insuffi-
ciently comprehensive and subject to influence
by patient mood and educational level, poten-
tially introducing additional bias.

Conclusion

In real-world clinical practice, ribociclib and
abemaciclib combined with fulvestrant may
offer prolonged rwPFS compared with palboci-
clib in patients with HR*/HER2  advanced br-
east cancer. Abemaciclib was associated with
higher objective response rates and longer
duration of response, but also greater decline
in quality of life. Given the absence of a single
agent demonstrating comprehensive superiori-
ty, treatment selection should be guided by
individualized considerations, including effica-
cy priorities, safety profiles, and patient-report-
ed outcomes.

Disclosure of conflict of interest
None.

Address correspondence to: Yu Zhang, Depart-
ment of Pharmacy, Ganzhou Fifth People’s Hospi-
tal, No. 666, Dongjiangyuan Avenue, Zhanggong
District, Ganzhou 341000, Jiangxi, China. E-mail:
zhangyu09032026@hotmail.com

References

[1]  Prifti J, Pozzo C, Najtellari E and Piccaluga PP.
Cancer epidemiology in albania: insights, chal-
lenges, and future directions. Journal of Can-
cer Biomoleculars and Therapeutics 2025; 2:
1-8.

[2] BrayF, Laversanne M, Sung H, Ferlay J, Siegel
RL, Soerjomataram | and Jemal A. Global can-
cer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2024;
74: 229-263.

[3] JinX, Zhou YF, Ma D, Zhao S, Lin CJ, Xiao Y, Fu
T, Liu CL, Chen YY, Xiao WX, Liu YQ, Chen QW,
Yu 'Y, Shi LM, Shi JX, Huang W, Robertson JFR,
Jiang YZ and Shao ZM. Molecular classification
of hormone receptor-positive HER2-negative
breast cancer. Nat Genet 2023; 55: 1696-
1708.

[4] Kettner NM, Bui TN, Navarro-Yepes J, Eckols
TK, Raghavendra AS, Tweardy DJ, Hunt KK,
Tripathy D and Keyomarsi K. Circulating IL-6,
an early biomarker in HR-positive, HER2-ne-
gative metastatic breast cancer patients
progressing on CDK4/6 inhibitors. Cancer
Res2022.

Am J Cancer Res 2026;16(5):1805-1816



(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

[13]

(14]

1814

Comparative efficacy of CDK4/6 inhibitors in HR*/HER2 breast cancer

Mouabbi JA, Osborne CK, Schiff R and Rimawi
MF. Management of hormone receptor-posi-
tive, human epidermal growth factor 2-nega-
tive metastatic breast cancer. Breast Cancer
Res Treat 2021; 190: 189-201.

Wu S, Xu J, Ma Y, Liang G, Wang J and Sun
T. Advances in the mechanism of CDK4/6

inhibitor resistance in HR+/HER2- breast
cancer. Ther Adv Med Oncol 2024; 16:
17588359241282499.

Glaviano A, Wander SA, Baird RD, Yap KCH,
Lam HY, Toi M, Carbone D, Geoerger B, Serra V,
Jones RH, Ngeow J, Toska E, Stebbing J, Crasta
K, Finn RS, Diana P, Vuina K, de Bruin RAM,
Surana U, Bardia A and Kumar AP. Mecha-
nisms of sensitivity and resistance to CDK4/
CDK®6 inhibitors in hormone receptor-positive
breast cancer treatment. Drug Resist Updat
2024; 76: 101103.

Zhang C, Zhou F, Zou J, Fang Y, Liu Y, Li L, Hou
J, Wang G, Wang H, Lai X, Xie L, Jiang J, Yang C,
Huang, ChenY, Zhang H and Li Y. Clinical con-
siderations of CDK4/6 inhibitors in HER2 posi-
tive breast cancer. Front Oncol 2024; 13:
1322078.

O’Sullivan CC. Overcoming endocrine resis-
tance in hormone-receptor positive advanced
breast cancer-the emerging role of CDK4/6
inhibitors. Int J Cancer Clin Res 2015; 2: 029.
Lloyd MR, Jhaveri K, Kalinsky K, Bardia A and
Wander SA. Precision therapeutics and emerg-
ing strategies for HR-positive metastatic breast
cancer. Nat Rev Clin Oncol 2024; 21: 743-761.
Eggersmann TK, Degenhardt T, Gluz O, Wuerst-
lein R and Harbeck N. CDK4/6 inhibitors ex-
pand the therapeutic options in breast cancer:
palbociclib, ribociclib and abemaciclib. Bio-
Drugs 2019; 33: 125-135.

Miron Al, Anghel AV, Barnonschi AA, Mitre R,
Liscu HD, Gainariu E, Patru R and Coniac S.
Real-world outcomes of cdk4/6 inhibitors
treatment in metastatic breast cancer in Ro-
mania. Diagnostics (Basel) 2023; 13: 1938.
Low JL, Lim E, Bharwani L, Wong A, Wong
K, Ow S, Lim SE, Lee M, Choo J, Lim J, Chan
G, Walsh RJ, Muthu V, Ngoi N, Chong W, Tan
SH and Lee SC. Real-world outcomes from
use of CDK4/6 inhibitors in the manage-
ment of advanced/metastatic breast cancer
in Asia. Ther Adv Med Oncol 2022; 14:
17588359221139678.

Pilehvari A, Kimmick GG, You W, Bonilla G and
Anderson RT. The real-world modeling of ben-
efits demonstrated in major clinical trials on 2
HR+/HER2- metastatic breast cancer treat-
ment with CDK4/6 inhibitor in the US: PALO-
MA-2 and MONALEESA-3. J Clin Oncol 2023;
41: 16.

(15]

(16]

(17]

[20]

[21]

Fedele P, Landriscina M, Moraca L, Cusmai A,
Gnoni A, Licchetta A, Guarini C, Lanotte L, Pap-
pagallo MN, Melaccio A, Giordano G, Maselli
FM, Pinto A, Giuliani F, Chiuri V, Giotta F and
Gadaleta-Caldarola G. Evaluating CDK4/6 in-
hibitor therapy in elderly patients with meta-
static hormone receptor-positive, HER2-nega-
tive breast cancer: a retrospective real-world
multicenter study. Cancers (Basel) 2024; 16:
3442,

Tan XW, Kango G, Koshatwar S, Rosenblatt P
and Hsu G. Abstract P1-12-09: real-world pre-
scribing patterns and outcomes of CDK4/6 in-
hibitors in elderly patients with metastatic
HR+/HER2- breast cancer. Clin Cancer Res
2025; 31: 12.

Yap C, Lee Aiyegbusi O, Alger E, Basch E, Bell J,
Bhatnagar V, Cella D, Collis P, Dueck AC, Gil-
bert A, Gnanasakthy A, Greystoke A, Hansen
AR, Kamudoni P, Kholmanskikh O, King-Kalli-
manis BL, Krumholz H, Minchom A, O’Connor
D, Petrie J, Piccinin C, Rantell KR, Rauz S,
Retzer A, Rizk S, Wagner L, Sasseville M, Sey-
mour LK, Weber HA, Wilson R, Calvert M and
Peipert JD. Advancing patient-centric care: in-
tegrating patient reported outcomes for toler-
ability assessment in early phase clinical trials
- insights from an expert virtual roundtable.
EClinicalMedicine 2024; 76: 102838.

Dawood S, Konstantionva M, Dent R, Perazzo
F, Kim SB, Villarreal-Garza C, Franco S, Dai MS
and Simon S. Optimizing treatment selection,
and sequencing decisions for Management of
HR-Positive, HER2-Negative advanced breast
cancer - Proceedings from breast cancer ex-
pert group meeting. BMC Proc 2021; 15 Suppl
10: 15.

Gao JJ, Cheng J, Bloomquist E, Sanchez J,
Wedam SB, Singh H, Amiri-Kordestani L, Ibra-
him A, Sridhara R, Goldberg KB, Theoret MR,
Kluetz PG, Blumenthal GM, Pazdur R, Beaver
JA and Prowell TM. CDK4/6 inhibitor treatment
for patients with hormone receptor-positive,
HER2-negative, advanced or metastatic breast
cancer: a US food and drug administration
pooled analysis. Lancet Oncol 2020; 21: 250-
260.

Slamon DJ, Neven P, Chia S, Fasching PA, De
Laurentiis M, Im SA, Petrakova K, Bianchi GV,
Esteva FJ, Martin M, Nusch A, Sonke GS, De la
Cruz-Merino L, Beck JT, Pivot X, Sondhi M,
Wang Y, Chakravartty A, Rodriguez-Lorenc K,
Taran T and Jerusalem G. Overall survival with
ribociclib plus fulvestrant in advanced breast
cancer. N Engl J Med 2020; 382: 514-524.
Rowe EJ, Shugg T, Ly RC, Philips S, Rosenman
MB, Callaghan JT, Radovich M, Overholser BR,
Schneider BP, Tisdale JE and Skaar TC. Asso-

Am J Cancer Res 2026;16(5):1805-1816



[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

1815

Comparative efficacy of CDK4/6 inhibitors in HR*/HER2 breast cancer

ciation of QT interval-prolonging drugs with
clinical trial eligibility in patients with advanced
cancer. Front Cardiovasc Med 2022; 9:
894623.

Wen B, Zhang G, Zhan C, Chen C and Yi H. The
2024 revision of the Declaration of Helsinki: a
modern ethical framework for medical re-
search. Postgrad Med J 2025; 101: 371-382.
Wekking D, Lambertini M, Dessi M, Denaro N,
Bardanzellu F, Garrone O, Scartozzi M and So-
linas C. CDK4/6 inhibitors in the treatment of
metastatic breast cancer: focus on toxicity and
safety. Semin Oncol 2023; 50: 131-139.
Murphy CG. The role of CDK4/6 inhibitors in
breast cancer. Curr Treat Options Oncol 2019;
20: 52.

Eisenhauer EA, Therasse P, Bogaerts J,
Schwartz LH, Sargent D, Ford R, Dancey J, Ar-
buck S, Gwyther S, Mooney M, Rubinstein L,
Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J. New response evaluation criteria in
solid tumours: revised RECIST guideline (ver-
sion 1.1). Eur J Cancer 2009; 45: 228-247.
Jacobs SA, Wang Y, Abraham J, Feng H, Mon-
tero AJ, Lipchik C, Finnigan M, Jankowitz RC,
Salkeni MA, Maley SK, Puhalla SL, Piette F,
Quinn K, Chang K, Nagy RJ, Allegra CJ, Vehec
K, Wolmark N, Lucas PC, Srinivasan A and
Pogue-Geile KL. NSABP FB-10: a phase Ib/Il
trial evaluating ado-trastuzumab emtansine (T-
DM1) with neratinib in women with metastatic
HER2-positive breast cancer. Breast Cancer
Res 2024; 26: 69.

Tural D, Arslan C, Selcukbiricik F, Olmez OF,
Akar E, Erman M, Urlin Y, Erdem D and Kilickap
S. Comparison of objective response rate and
long-term overall survival in patients with treat-
ed immune checkpoint inhibitors in metastatic
urothelial carcinoma. J Clin Oncol 2023; 41:
481-481.

Miyake M, Anai S, lemura Y, Ichikawa K, Miya-
moto T, Tomioka A, Kuwada M, Itami Y, Hoso-
kawa Y, Matsumura Y, Okajima E, Torimoto K,
Nishimura N, Tomizawa M, Shimizu T, Hori S,
Morizawa Y, Gotoh D, Nakai Y and Fujimoto K;
Nara Urological Research and Treatment
Group. A Multicenter, Single-Arm, Prospective
Trial to Evaluate Efficacy and Safety of Dose-
Dense Methotrexate, Vinblastine, Doxorubicin,
and Carboplatin (DD-MVACarbo) Chemothera-
py for Cisplatin-Ineligible Patients with Ad-
vanced Urothelial Cancer: Study Protocol of
the CARBUNCLE Trial. Methods Protoc 2024;
7:58.

Mead-Harvey C, Noble BN, Yee C, Mazza GL,
Langlais B, Patel S, Trask P, Rogak L, Basch E,
Dueck AC and Thanarajasingam G. Incorporat-
ing Patient-Reported Outcomes Version of the
Common Terminology Criteria for Adverse

[30]

(31]

[32]

(33]

(34]

[35]

(36]

Events (PRO-CTCAE) into dose review in a
phase | clinical trial. Blood 2024; 144: 2299-
2299.

Hong T, Hogger AC, Wang D, Pan Q, Gansel J,
Engleitner T, Ollinger R, Gschwend JE, Rad R
and Nawroth R. CDK4/6 inhibition initiatzes
cell cycle arrest by nuclear translocation of RB
and induces a multistep molecular response.
Cell Death Discov 2024; 10: 453.
Torres-Guzman R, Ganado MP, Mur Pérez C,
Marugéan C, Baquero C, Yang Y, Du J, de Dios A,
Puig O and Lallena MJ. Abemaciclib, a CDK4
and 6 inhibitor with unique pharmacological
properties for breast cancer therapy. J Clin On-
col 2021; 39: 15.

Provenzano L, Dieci MV, Curigliano G, Giuliano
M, Botticelli A, Lambertini M, Rizzo G, Pedersi-
ni R, Sirico M, La Verde N, Gennari A, Zambelli
A, Toss A, Piras M, Giordano M, Tagliaferri B,
Generali D, Sartori D, Miliziano D, Menichetti
A, Ligorio F, Zurlo C, Griguolo G, Berton Gia-
chetti PP, Faso V, Corti C, Chiappe E, Scagnoli
S, Pisegna S, Capasso C, De Angelis C, Arpino
G, Criscitiello C, Guarneri V, Pruneri G, Mariani
L, Vernieri C, Bianchini G, Munzone E, Marra A,
Boldrini L, Carnevale Schianca A, Katrini J,
Cona MS, Cantile V, Grieco A, Pirolo M, Zappulo
M, De Giglio MAR, Lagana M, Cosentini D, De
Giorgi U, Vingiani A, Belfiore A, Fotia G, Mazzoli
G, Sposetti C, Abate A, Bianchessi V, Capri G,
Bianchi GV, de Braud F, Baili P, Scaperrotta G,
Depretto C, Lasagna A, Jacobs F, Ponzoni O,
Maccarone S, Strina C, Coccato S and Coviello
R. Real-world effectiveness comparison of first-
line palbociclib, ribociclib or abemaciclib plus
endocrine therapy in advanced HR-positive/
HER2-negative BC patients: results from the
multicenter PALMARES-2 study. Ann Oncol
2025; 36: 762-774.

Habler K, Kalla AS, Rychlik M, Vogeser M and
Teupser D. Therapeutic drug monitoring in
breast cancer therapy - LC-MS/MS method for
quantification of the CDK4/6 inhibitors abe-
maciclib, palbociclib, ribociclib, and major me-
tabolites abemaciclib M20 and M2 in human
serum. J Pharm Biomed Anal 2023; 225:
115211.

Wu X and Xiong H. The role of pharmaco-
genetic-based pharmacokinetic analysis in
precise breast cancer treatment. Pharmaceu-
tics 2024; 16: 1407.

Hafner M, Mills CE, Subramanian K, Chen C,
Boswell SA, Everley RA, Juric D and Sorger PK.
Abstract PD4-02: advantageous polypharma-
cology of abemaciclib revealed by omics profil-
ing of CDK4/6 inhibitors. Cancer Res 2018;
78: 2.

Pisegna S, Scagnoli S, Toss A, Caputo R, De
Laurentiis M, Palleschi M, De Giorgi U, Cortesi

Am J Cancer Res 2026;16(5):1805-1816



1816

Comparative efficacy of CDK4/6 inhibitors in HR*/HER2 breast cancer

E, Fabbri MA, Fabi A, Paris |, Orlandi A, Curigli-
ano G, Criscitiello C, garrone o, Tomasello G,
D’Auria G, Vici P, Ricevuto E, Domati F, Piombi-
no C, Parola S, Scafetta R, Cirillo A, Salimbeni
BT, Lisa FSD, Strigari L, Preissner R, Simmaco
M, Santini D, Marchetti P and Botticelli A. Real-

world experience and clinical impact of drug-
drug interactions in HR+/HER2- advanced
breast cancer patients treated with abemaci-
clib plus endocrine therapy: the AB-ITALY study.
Res Sq 2023.

Am J Cancer Res 2026;16(5):1805-1816



