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Abstract

Background: Endocrine therapy provides the cornerstone for treating estrogen receptor-positive breast cancer,
but certain tumors have intrinsic resistance, and developed resistance to hormone treatment is unavoidable in
metastatic illness. The purpose of combining endocrine treatment with targeted medications is to overcome
endocrine resistance. CDK4/6 inhibitors have had promising outcomes in metastatic luminal breast cancer when
paired with endocrine therapy, both in first-line and pretreated patients. The medication had a decent safety profile,
with simple neutropenia being the most prevalent side effect.

Subject and methods: This retrospective study examined the progression-free survival and toxicity profiles of
people with metastatic luminal breast cancer who received CDK4/6 + hormonal therapy vs those who only got
hormonal treatment. The study group consisted of metastatic luminal breast cancer patients who visited the Clinical
Oncology Department at Suez Canal University Hospitals in Egypt from January 2022 to June 2024.

Results: The research involved 174 patients. Group A got CDK 4/6 inhibitors in addition to endocrine therapy
(n=89), whereas Group B received endocrine therapy alone (n=85). Group A had considerably larger proportions
of adverse events compared to group B, including diarrhea (18% vs. 0%, P<0.001), neutropenia (28.1% vs. 0%,
P<0.001), and anemia (7.9% vs. 0%, P=0.014). In terms of increased liver enzymes, 4.5% of group A had levels 3 to
5 times normal, whereas 7.1% of group B had levels less than 3 times normal, indicating a statistically significant
difference (P=0.002). Group A patients responded substantially better to therapy than group B (P<0.001), with
23.6% vs 5.9% exhibiting CR, 52.8% vs 44.7% showing PR, 14.6% vs 34.1% showing SD, and 9% vs 15.3% showing PD.
Group A had considerably greater progression-free survival rates than Group B (P<0.001). There was no statistically
significant difference between the patients in Group A and Group B. According to Kaplan Meier analysis with the
log-rank test, the kind of CDK 4/6 given to group A had no statistically significant influence on PFS or OS.

Conclusion: CDK 4/6 inhibitor plus hormonal treatment in metastatic luminal breast cancer significantly improves
PFS while having no significant effect on OS compared to hormonal treatment alone.
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Introduction

Breast cancer is the most prevalent and leading cause of can-
cer-related deaths in women [1]. Hormone receptor-positive
and human epidermal growth factor receptor 2 (HER2)-negative
breast cancer makes up around 66% of all malignant neoplasms
in the breast [2-4]. Adjuvant endocrine treatment can effectively
treat hormone-receptor positive breast cancer in its early stages.
However, a few individuals experienced recurrence or distant me-
tastases due to endocrine treatment resistance. According to the
ESMO 5™ worldwide consensus recommendations for advanced
breast cancer in 2020, primary endocrine resistance (De novo re-
sistance) is defined as recurrence during the first two years of ad-
juvant ET or Progressive Disease (PD) within the first six months of
first-line ET for MBC while on ET. Secondary endocrine resistance
is defined as relapse during adjuvant ET but beyond the first 2
years, relapse within 12 months after finishing adjuvant ET, or PD
>6 months after commencing ET for MBC while on ET [5].

Three CDK4/6 inhibitors have shown promising effects in cli-
nical trials: Palbociclib [6-8], Ribociclib [9-12], and Abemaciclib
[13,14]. Clinical trials show that combining CDK4/6 inhibitors with
endocrine treatment increases Progression-Free Survival (PFS)
over endocrine therapy alone. These drugs are intended to treat
hormone receptor-positive, HER2-negative metastatic breast tu-
mors. Palbociclib is utilized as a first-line therapy for postmeno-
pausal women, in conjunction with an aromatase inhibitor [15-
17].

It is also used in combination with fulvestrant in premenopau-
sal and postmenopausal women who have disease progression
after endocrine therapy. Fulvestrant exerts its impact by down-
regulating and degrading the estrogen receptor. Premenopausal
women should have their ovarian function suppressed or ablation
during endocrine treatment [8,9].

Ribociclib is used as the initial endocrine treatment in preme-
nopausal and postmenopausal women, with an Al. It is also used
in conjunction with fulvestrant as the first endocrine treatment in
postmenopausal women, as well as in postmenopausal patients
who progress after endocrine therapy [10-12].

Abemaciclib is used as the initial endocrine medicine in post-
menopausal women, in combination with an Al. It is also used in
conjunction with fulvestrant to treat premenopausal and postme-
nopausal women whose illness progresses despite endocrine the-
rapy. If the illness continues despite endocrine and chemotherapy
treatment, Abemaciclib may be used as a monotherapy if disease
progresses on endocrine therapy and chemotherapy [13,14].

These CDK inhibitors are usually well tolerated, while they can
have some side effects, as reported here [15,16]. For example,
typical adverse effects include tiredness, nausea, neutropenia,
and infection, although interstitial lung disease is less prevalent.
Ribociclib can also produce QTc prolongation and hepatotoxicity,
whereas Abemaciclib can result in hepatotoxicity, increased blood
creatinine, and grade 3 diarrhea [17,18].

Although the development and licensure of CDK inhibitors
have revolutionized the treatment of metastatic breast cancer,
resistance to these drugs has also emerged. As a result, more re-
search into the underlying mechanism of acquired resistance to
these drugs is required, as is the development of novel CDK inhi-

bitors. This trial will compare the effect of CDK4/6 plus hormonal
treatment on progression-free survival to hormonal treatment
alone, as well as the tolerance, effectiveness, and safety profile of
CDK4/6 inhibitors when combined with hormonal therapy.

Research methodology & design
Study design

This was a comparative, record-based retrospective cohort stu-
dy aiming to compare the effectiveness of CDK4/6 with hormonal
treatment on progression-free survival to hormonal treatment
alone, as well as the tolerance and toxicity profile of CDK4/6 after
hormonal therapy.

Study setting

This study was conducted at Suez Canal University Hospital’s
(SCUH) Clinical Oncology and Nuclear Medicine Department in
Ismailia, Egypt. The patients were identified via the department
registry, and data was retrieved from their medical records using
a predetermined form.

Patient selection and data collection

The sample size was computed. We gathered all eligible pa-
tients from their records within the appropriate timeframe
(1/2022 to 6/2024) depending on sample size and monitored
them to record disease outcome and clinicopathological features.

Patients are classified into two groups:
e Group A got CDK 4/6 plus hormonal therapy.
e Group B: received hormonal treatment only.

The data for this study came from the Clinical Oncology De-
partment’s patient file recording system. The data obtained
included:

e Personal data:
— Age at the time of diagnosis
— Family history of breast cancer.

— Chronic illness is defined as diseases that persist one year or
more and need continuing medical treatment, impede eve-
ryday activities, or both (according to the Center for Disease
Control).

e C(linical data:
— ECOG performance status.

— Menopausal stages include premenopausal, perimenopausal,
and postmenopausal.

e Radiological findings

e Pathological data:

— Receptors at the metastatic tumor site (ER and PR receptors)
— Progesterone receptor status.

— Metastatic luminal categorization (Luminal A & B), with Lumi-
nal A tumors having the presence of ER and/or PR but no HER2,
as well as a low expression of the cell proliferation marker Ki-

www.journalononcology.org



67 (less than 20%). Luminal B tumors are of higher grade and
worse prognosis compared to Luminal A. They are ER positive,
can be PR negative, and have a high expression of Ki67 (greater
than 20%).

— Ki 67 proliferation index.
— Tumor stage at the time of diagnosis.
e First line treatment received:

— First-line adjuvant/neoadjuvant chemotherapy (in case re-
ceived).

— Type of chemotherapy.

— Adjuvant radiotherapy.

e Adjuvant endocrine therapy:

— First-line hormonal treatment in an adjuvant setting.
— Period of adjuvant endocrine therapy in months.

— Primary endocrine resistance (De novo resistance) is defined
as: relapse while on the first 2 years of adjuvant ET. Secondary
(acquired) endocrine resistance is defined as: relapse while on
adjuvant ET but after the first 2 years.

o Metastasis:

— Timing of metastasis (period of disease-free) indicating num-
ber of months from time of presentation till development of
metastasis.

— Pattern of metastasis (bone metastasis only, bone and visceral
metastasis, bone and non-visceral metastasis, visceral metas-
tasis only (lung, liver, brain), non-visceral only (lymph nodes,
skin, other breast), visceral and non-visceral metastasis, bone
visceral non-visceral.

— Visceral metastasis defined as lung, liver, and brain metastasis,
while non-visceral only (lymph nodes, skin, other breast).

e Number of sites/organs of metastasis.
e Endocrine therapy at the time of metastasis.

e Type of CDK 4/6 inhibitor received (Ribociclib, Abemaciclib,
Palbociclib) in Group A.

e Adverse events occurred according to common terminology
criteria for adverse events.

o Whether discontinuation of drug due to toxicity occurs & mean
time in months, in addition post discontinuation therapy.

e Assessment of treatment response after 6 months of starting
treatment. This is according to RECIST criteria.

e Progression-free survival on a CDK4/6 inhibitor or hormonal
treatment.

e Status at the date cutoff (alive or dead).

e Overall survival (from date of diagnosis till date cutoff June
2024).

e Compliance on treatment arm either CDK 4/6 inhibitor or hor-
monal treatment. Patient may be shifted due to toxicity to ano-
ther CDK 4/6 inhibitor, progressed and shifted to another line,
or stay on the same line of treatment at the date cutoff.

e Follow-up data for every patient recorded.
Inclusion criteria:

e Female patients only.

e Age is more than or equal to 20 years old.

e Immunohistochemistry proved metastatic luminal breast can-
cer patients.

e Radiologically confirmed skeletal, visceral, or non-visceral me-
tastasis.

Exclusion criteria:

Multiple primary tumors or double pathological lesions.
e Triple-negative breast cancer.

e Her2neu-enriched breast cancer.

e Non-metastatic luminal breast cancer.

e Male breast cancer.

Sample size and sampling technique:

From January 2022 to June 2024, a simple random sample of
patients attended the Clinical Oncology and Nuclear Medicine de-
partment at Suez Canal University Hospital. We included patients
who were diagnosed with metastatic luminal breast cancer using
pathology, immunohistochemistry, and radiography. Patients
must fulfill the inclusion and exclusion criteria.

Sample size:

The sample size was determined using the following equation
[19]:

n=(Z,,*Z,)*" (p,(1-p,) +p,(1-p,)) / (p,-p,)?,

where Zu/2 is the critical value of the Normal distribution at a/2
(e.g. for a confidence level of 95%, a is 0.05 and the critical value
is 1.96),

Z,is the critical value of the Normal distribution at B (e.g. for a
power of 80%, B is 0.2 and the critical value is 0.84).

p, and p, are the expected sample proportions of the two
groups.

P, was 63% and p, was 42.2% [20]
The calculated sample size is 174 participants.
Ethical considerations

The research ethics committee of the Faculty of Medicine Suez
Canal University (FOMSCU) has approved the final protocol.

Clinical data will be collected with the agreement of FOMSCU'’s
research ethics council.

The study data will be collected from the patient’s files. To sa-
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feguard patient confidentiality and privacy, no personally identi-
fiable information will be released.

The data will only be used for that research; moreover, patient
contact will be required to decrease the challenges associated
with inaccurate recording and follow-up.

The data analysis will be displayed in a covert way, with no
mention of patient identities.

Statistical analysis

The statistical analysis was carried out using SPSS software
for Windows, version 28 (IBM Co., Armonk, NY, USA). The Mann-
Whitney or Kruskal-Wallis tests were used to analyze numerical
data in the form of median and Interquartile Range (IQR). Cate-
gorical data were presented as frequency and percentage, then
analyzed using the chi-square or exact test, as appropriate.

The Kaplan-Meier curve with log-rank test was used for survi-
val analysis, and Cox regression was used to investigate various
survival factors. A two-tailed P value<0.05 indicates statistical si-
gnificance.

Results
Baseline patient characteristics

From January 2022 to June 2024, 174 people were tested for
eligibility at the Clinical Oncology and Nuclear Medicine depart-
ments at Suez Canal University Hospital. Each of these individuals
had metastatic luminal breast cancer. Of those, 89 patients re-
ceived Cdk 4/6 inhibitors in addition to endocrine therapy and
were assigned to Group A, whereas 85 patients received just en-
docrine therapy and were assigned to Group B. (Table 1) provides
a complete description of the baseline patient characteristics.
There was no significant difference in baseline patients between
the two therapy groups in terms of age, family history, comorbi-
dities, menopausal state, or ki-67 proliferation index. There was
only a difference in tumor stage and ECOG PS at the time of dia-
gnosis (P value=0.030 and 0.001, respectively). Metastatic luminal
categorization at the time of metastasis differs between the two
groups (p value=0.007).

4 N

Included (n=174 patients with
metastatic luminal breast cancer)

l
1 .

89 patients received CDK 4/6 inhibitors in
combination with endocrine therapy (Group A)

l
i |

44 patients received 26 patients received 19 patients received
Ribociclib (Kisqali) Abemaciclib (Verzinio) Palbociclib (Ibrance)

| | |

Lost to follow up Lost to follow up
(n=0) (n=0)

l |

Analyzed (n=19) ‘ ‘ Analyzed (n=85) ‘

(Group B)

‘ 85 patients received endocrine therapy only ‘

‘ Lost to follow up

Lost to follow up
(n=0)

(n=0)

‘ Analyzed (n=44) H Analyzed (n=26) H

\\Figure 1: Study flowchart. /

<Table 1: Baseline characteristics of the studied groups. >

Group A Group B
Item P-value
(n=89) (n=85)
20-29 1(1.1%) 0(0%)
30-39 6(6.7%) 7(8.2%)
40-49 19(21.3%) | 17(20%)
Age group (years) 50-59 42(47.2%) | 29(34.1%) @ 0.360
60-69 18(20.2%) | 26(30.6%)
70-79 3(3.4%) 5(5.9%)
80-89 0(0%) 1(1.2%)
PS1 85(95.5%) 67(78.8%)
ECOG performance 0.001
PS2 4(4.5%)  18(21.2%)
Family history 2(2.2%) 6(7.1%) 0.161
No chronic illness 65(73%) | 59(69.4%)
HTN 7(7.9%) | 11(12.9%)
DM 6(6.7%) 7(8.2%)
Chronic liver disease 1(1.1%) 2(2.4%)
Comorbidities 0.526
Asthma 2(2.2%) 0(0%)
Cardiac disease 1(1.1%) 2(2.4%)
HTN & DM 0(0%) 1(1.2%)
Others 7(7.9%) 3(3.5%)
Premenopausal 19(21.3%) | 20(23.5%)
Menopausal .
Perimenopausal 7(7.9%) @ 13(15.3%) 0.248
status
Postmenopausal 63(70.8%) 52(61.2%)
Receptors at ER and PR both positive | 87(97.8%) 83(97.6%)

L >0.999
metastatic site ER positive 2(2.2%) | 2(2.4%)
Progesterone Positive 87(97.8%)  83(97.6%)

>0.999
receptor status Negative 2(2.2%) | 2(2.4%)
Metastasis Luminal A 28(31.5%) | 44(51.8%)
. e 0.007
luminal lassification Luminal B 61(68.5%) | 41(48.2%)
KI-67 (%) 30(10, 40) | 20(10,40) | 0.159
Stage 1 3(3.4%) 9(10.6%)
Tumor stage at Stage 2 33(37.1%) | 30(35.3%)
time of 0.030
presentation Stage 3 34(38.2%) 39(45.9%)
Stage 4 19(21.3%) | 7(8.2%)

Numerical data are presented as median (IQR) and categorical data
are presented as frequency (%), Statistical significance at P value<0.05.

ECOG: Eastern Cooperative Oncology Group; PS: Performance Status;
HTN: Hypertension; DM: Diabetes Mellitus; ER: Estrogen Receptor; PR:
Progesterone Receptor.

First-line treatment details

In group A, 66 patients (74.2%) were given first-line chemo-
therapy (59.6% anthracycline and taxanes, 14.6% taxanes alone)
in the adjuvant/neoadjuvant setting. In group B, 62 patients got
first-line chemotherapy, with 48.2% receiving anthracycline plus
taxanes and 24.7% receiving taxanes alone, with a statistically in-
significant P value.
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The duration of adjuvant endocrine treatment (in months) was
considerably shorter in group A than in group B (P=0.002), with a
median of 60 (IQR 24, 67.5) versus 60 (IQR 60, 84). The majority
of patients in groups A and B got aromatase inhibitors as their first
line hormonal therapy in the adjuvant context (44.9% and 47.1%,
respectively), followed by LHRH with Al (16.9% and 30.6%). 27.3%

of the study population was metastatic from the start and did not
receive adjuvant endocrine therapy, while 3.5% presented with
primary triple negative breast cancer at the primary tumor site
and were later diagnosed with metastatic luminal breast cancer
via immunohistochemistry (this is why they did not receive adju-
vant hormonal therapy). Table 2 illustrates the first line of therapy

CTabIe 2: First line treatment of the studied groups.

received.

Group A Group B
Item P-value
(n=89) (n=85)
First line chemotherapy in adjuvant/neoadjuvant setting 66(74.2%) 62(72.9%) 0.856
Anthracycline and Taxane based chemotherapy 53(59.6%) 41(48.2%) 0.19
Type of chemotherapy Taxane based chemotherapy only 13(14.6%) 21(24.7%)
Didn’t receive 1st line chemotherapy 23(25.8%) 23(27.1%)
Adjuvant radiotherapy on breast or chest wall 66(74.2%) 68(80%) 0.36
Period of adjuvant endocrine therapy (months) 60(24, 67.5) 60(60, 84) 0.002
Antiestrogen 9(10.1%) 11(12.9%) 0.006
Aromatase inhibitor 40(44.9%) 40(47.1%)
First line hormonal treatment in LHRH analogue plus antiestrogen 6(6.7%) 0(0%)
adjuvant setting LHRH analogue plus Al 15(16.9%) 26(30.6%)
Metastatic from the start 18(20.2%) 6(7.1%)
Did not received 1st line hormonal 1(1.1%) 2(2.4%)
Time to metastasis (months) 72(36, 96) 108(72, 123) <0.001
Denovo resistance (primary endocrine therapy resistance) 22(24.7%) 11(12.9%) 0.004
Endocrine therapy resistance (adjuvant  Secondary resistance 47(52.8%) 65(76.5%)
setting) Metastatic from the start 19(21.3%) 7(8.2%)
Did not receive adjuvant endocrine treatment 1(1.1%) 2(2.4%)
Bone metastasis only 29(32.6%) 38(44.7%) 0.247
Bone and visceral 20(22.5%) 19(22.4%)
Bone and non-visceral 10(11.2%) 2(2.4%)
Pattern of metastasis development Visceral only (lung, liver, brain) 10(11.2%) 11(12.9%)
Non visceral only (lymph nodes, skin, other breast) 8(9%) 8(9.4%)
Visceral and non-visceral 4(4.5%) 2(2.4%)
Bone, visceral and non-visceral 8(9%) 5(5.9%)
One site 36(40.4%) 28(32.9%) 0.089
Number of sites / organs of metastasis Two sites 34(38.2%) 46(54.1%)
Three or more sites 19(21.3%) 11(12.9%)
CDK 4/6 inhibitors plus Fulvestrant 67(75.3%) 0(0%) <0.001
CDK 4/6 inhibitors plus Al 22(24.7%) 0(0%)
Endocrine therapy in time of metastasis | Aromatase inhibitor (+ or — LHRH analogue) 0(0%) 45(52.9%)
Aromatase inhibitor and Fulvestrant 0(0%) 31(36.5%)
Fulvestrant alone 0(0%) 9(10.6%)
Ribociclib 43(48.3%) 0(0%) <0.001
Abemaciclib 27(30.3%) 0(0%)
CDK 4/6 inhibitor subtype
Palbociclib 19(21.3%) 0(0%)
Did not receive CDK 4/6 inhibitors 0(0%) 85(100%)

Numerical data are presented as median (IQR) and categorical data are presented as frequency (%), Statistical significance at P value<0.05.

LHRH: Luteinizing Hormone-Releasing Hormone.
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Metastasis

Time to metastasis (months) was considerably shorter in group
A compared to group B (P<0.001), with a median of 72 (IQR 36, 96)
versus 108 (IQR 72, 123) months. The majority of patients (52.8%
of group A vs. 76.5% of group B) acquired secondary endocrine
treatment resistance, with a statistically significant difference (P
value=0.004). 26 individuals were metastatic from the beginning
and did not get adjuvant endocrine therapy. Three individuals tes-
ted triple negative at the initial tumor location and did not receive
adjuvant hormone treatment.

The majority of patients in groups A and B received aromatase
inhibitors as their first-line hormonal treatment in the adjuvant
setting (44.9% and 47.1%, respectively), followed by LHRH with Al
(16.9% and 30.6%). 27.3% of the study population was metastatic
from the start and did not receive adjuvant endocrine therapy,
while 3.5% had primary triple negative breast cancer at the pri-
mary tumor site but were later diagnosed with metastatic luminal
breast cancer via immunohistochemistry. Table 2 illustrates this
in detail.

Cdk 4/6 inhibitor plus hormonal treatment versus hormonal
alone: In group A, 75.3% received a CDK 4/6 inhibitor in addition
to fulvestrant, whereas 24.7% received a CDK 4/6 inhibitor plus
aromatase inhibitors. Regarding Cdk 4/6 inhibitors, 48.3% of pa-
tients took Ribociclib, 30.3% received Abemaciclib, and 21.3% re-
ceived Palbociclib.

In group B, patients only got hormonal therapy. 52.9% of pa-
tients received both an aromatase inhibitor and LHRH analogues.
Others received an aromatase inhibitor with fulvestrant (36.5%)
or only fulvestrant (10. 6%). Table 2 illustrates this in detail.

Group A had significantly higher rates of diarrhea (18% vs.
0%, P<0.001), neutropenia (28.1% vs. 0%, P<0.001), easy fati-
gability (27% vs. 1.2%, P<0.001), abdominal pain (12.4% vs. 0%,
P=0.001), anemia (7.9% vs. 0%, P=0.014), arthralgia (33.7% vs.
8.2%, P<0.001), and muscle weakness (6.7% vs. 0%, P=0.029). In
contrast, no patients in group A had osteoporosis, but 7.1% of
those in group B did, indicating a statistically significant difference
between groups (P=0.012). In terms of increased liver enzymes,
4.5% of group A had levels 3 to 5 times higher than normal, whe-
reas 7.1% of group B had levels less than 3 times normal, indica-
ting a statistically significant difference (P=0.002) (Table 3).

CTable 3: Adverse events in the studied groups.

)

Item Group A (n=89) Group B (n=85) P-value

Grade 1&2 7(7.9%) 0(0%)

Diarrhea Grade 3 9(10.1%) 0(0%) <0.001
No 73(82%) 85(100%)
Grade 1&2 17(19.1%) 0(0%)
Grade 3 7(7.9%) 0(0%)

Neutropenia <0.001
Grade 4 1(1.1%) 0(0%)
No 64(71.9%) 85(100%)
Grade 3 3(3.4%) 0(0%)

Nausea & vomiting 0.246
No 86(96.6%) 85(100%)
Grade 1&2 20(22.5%) 1(1.2%)

Easy fatigability Grade 3 4(4.5%) 0(0%) <0.001
No 65(73%) 84(98.8%)
Grade 1&2 10(11.2%) 0(0%)

Abdominal pain Grade 3 1(1.1%) 0(0%) 0.001
No 78(87.6%) 85(100%)

Anemia 7(7.9%) 0(0%) 0.014

Thrombocytopenia 2(2.2%) 0(0%) 0.497
Grade 1&2 1(1.1%) 0(0%)

Febrile neutropenia Grade 3 2(2.2%) 0(0%) 0.497
No 86(96.6%) 85(100%)
Grade 1&2 4(4.5%) 0(0%)

Decreased appetite Grade 3 2(2.2%) 0(0%) 0.060
No 83(93.3%) 85(100%)

Headache 2(2.2%) 2(2.4%) >0.999
Grade 1&2 4(4.5%) 0(0%)

Stomatitis Grade 3 1(1.1%) 0(0%) 0.121
No 84(94.4%) 85(100%)

Elevated liver enzymes Less than 3 fold ULN normal level 0(0%) 6(7.1%) 0.002
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From 3 to 5 fold normal level 4(4.5%) 0(0%)
More than or equal to 5 fold normal level 1(1.1%) 0(0%)
No elevated liver enzymes 84(94.4%) 79(92.9%)
Arthralgia 30(33.7%) 7(8.2%) <0.001
Elevated serum creatinine (renal impairment) 5(5.6%) 1(1.2%) 0.211
Dizziness 1(1.1%) 1(1.2%) >0.999
Cardiac ECG changes 1(1.1%) 0(0%) >0.999
Cardiac EF decrease 2(2.2%) 0(0%) 0.497
Muscle weakness 6(6.7%) 0(0%) 0.029
Rash, hot flush 4(4.5%) 0(0%) 0.121
Bony aches 7(7.9%) 5(5.9%) 0.606
Extremity pain 2(2.2%) 2(2.4%) >0.999
Skin patches 3(3.4%) 1(1.2%) 0.621
Vitiligo 1(1.1%) 0(0%) >0.999
Osteoporosis 0(0%) 6(7.1%) 0.012
Dry skin 2(2.2%) 1(1.2%) >0.999
Urinary tract infection 1(1.1%) 0(0%) >0.999
Vaginal infection 2(2.2%) 0(0%) 0.497
Autoimmune hepatitis 1(1.1%) 0(0%) >0.999
Acute kidney injury with dialysis need 1(1.1%) 0(0%) >0.999
Itching and urticarial reaction 2(2.2%) 0(0%) 0.497
Eczema 1(1.1%) 0(0%) >0.999
Dental pain 1(1.1%) 0(0%) >0.999
Urinary tract infection 3(3.4%) 0(0%) 0.246
Weight decreased 2(2.2%) 0(0%) 0.497
No other adverse events 54(60.7%) 71(83.5%) 0.001
Less than 1.5 ULN 3(3.4%) 0(0%)
Hepatobiliary toxic events | More than 3 - 10 ULN 1(1.1%) 0(0%) 0.246
Normal blood bilirubin level 85(95.5%) 85(100%)
CTabIe 4: Discontinuation to therapy and response of the studied groups. )
Item Group A (n=89) = Group B (n=85) P-value
Discontinuation due to toxicity 17 (19.1%) 0 (0%) <0.001
Time to discontinuation (months) 5(4, 6)
Shifted due to toxicity 15 (16.9%) 0 (0%)
Status Progressed 15 (16.9%) 52 (61.2%) <0.001
Still on treatment 59 (66.3%) 33 (38.8%)
Another CDK 4/6 and hormonal therapy (group A) 15 (16.9%) 0 (0%)
Was on hormonal and shifted to CDK 4/6 0 (0%) 40 (47.1%)
Chemotherapy 10 (11.2%) 8(9.4%)
Post discontinuation therapy <0.001
Best supportive care 0 (0%) 3(3.5%)
Everolimus based therapy 5(5.6%) 1(1.2%)
No progression and still on treatment 59 (66.3%) 33 (38.8%)
Duration on post discontinuation therapy (months) 4(3,22.25) 12 (6, 23.5) 0.003
CR 21 (23.6%) 5(5.9%)
Response according to RECIST criteria after 2nd | PR 47 (52.8%) 38 (44.7%) <0.001
line treatment SD 13 (14.6%) 29 (34.1%)
PD 8 (9%) 13 (15.3%)

Numerical data are presented as median (IQR) and categorical data are presented as frequency (%), Statistical significance at P value<0.05.
CR: Complete Response; PR: Partial Response; SD: Stationary Disease; PD: Progressive Disease Coarse; RECIST: Response Evaluation
Criteria in Solid Tumors
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After 6-month treatment, patients in group A shown a conside-
rably greater treatment response than those in group B (P<0.001),
with 23.6% showing CR, 52.8% showing PR, 14.6% showing SD,
and 9% showing PD compared to 5.9% of the latter (Table 4 %
Figure 2).

4 N

mGroup A = Group B

60%

50%

40%

30%
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Figure 2: Response of groups according to RECIST criteria after sec-
\\ond line treatment. /

In group A, 19.1% of patients stopped CDK 4/6 owing to toxi-
city. The average period of discontinuance was 5 months. Further-
more, 16.9% of group A switched to a different line of treatment
due to toxicity, whereas 61.2% of group B suffered disease pro-
gression and 66.3% remained on the same line of treatment. The
difference in proportions between groups was statistically signifi-
cant (P<0.001) (Table 4 & Figures 3,4).
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Figure 3: Status of the studied groups after first line treatment.
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In terms of post-discontinuation therapy, in group A, 16.9%
shifted to another CDK 4/6 inhibitor and hormonal therapy
with an acceptable toxicity profile, 11.2% of patients developed
a visceral crisis and received chemotherapy, and 5.6% received
Everolimus-based therapy, whereas in group B, 47.1% were on
hormonal therapy and shifted to the other treatment arm, 9.4%
received chemotherapy, 3.5% had the best supportive care, and
1.2% had Everolimus-based therapy, indicating Patients in group
A got post-discontinuation medication for a median of 4 (IQR 3,
22.25) months, which was significantly less than the time in group
B (12 (IQR 6, 23.5) months); P=0.003 (Table 4 & Figure 5).
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Figure 5: Post discontinuation therapy of the studied groups.
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CTabIe 5: PFS analysis of patients according to treatment method. >

N of N Censored HR Log-rank
Mean (95%Cl)
events (%) (%) (95%Cl) P-value
Group A 65.53 0.24
15 (16.9%) | 74 (83.1%)
(n=89) (54.73t0 76.34) | (0.14t0 0.4)
<0.001
G B 24.52
OUPE 15y (61.2%) 33 (38.8%) Ref
(n=85) (18.96 to 30.07)

Cl: Confidence Interval; HR: Hazard Ratio.
Statistical significance at P value<0.05.
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Survival analysis

The Kaplan-Meier analysis with log-rank test revealed a sta-
tistically significant difference in PFS between the two treatment
arms (P<0.001). Patients who received CDK 4/6 inhibitors in com-
bination with endocrine therapy had a longer PFS than those who
received endocrine therapy alone, with an estimated mean of
65.53 months (95% Cl: 54.73 to 76.34) vs. 24.52 months (95% Cl:
18.96 to 30.07), resulting in an incidence rate of 16.9% vs. 61.2%,
with an HR of 0.24 (95% Cl: 0.14 to 0.4) (Table 5 & Figure 6).

In terms of OS, there was no statistically significant difference
between patients in both treatment groups, with death rates of
2.2% and 3.5%, respectively (Table 6 & Figure 7).
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Figure 7: Kaplan Meier curve for OS analysis of patients according to
treatment method.
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CTabIe 6: OS analysis of patients according to treatment method. )

N of N Censored HR Log-rank
Mean (95%Cl)
events (%) (%) (95%Cl) P-value
Group A 225.27 0.82
2(2.2%) | 87(97.8%)
(n=89) (206.3 to 244.25) (0.14 to 4.87)
0.824
Group B 197.06
3(3.5%) @ 82(96.5%) Ref
(n=85) (189.35 to 204.77)

Cl: Confidence interval; HR: Hazard Ratio.
Statistical significance at P value<0.05

In univariate Cox regression analysis, metastasis luminal clas-
sification, CDK 4/6 subtype, adverse event exposure, and drug
discontinuation due to high toxicity profile were significant pre-
dictors of longer PFS, with women with luminal B cancers having
a lower risk than those with luminal A subtype (HR=0.53; 95% ClI:
0.32 to 0.87, P=0.011). Upon analysis, patients in group A had a
substantially decreased risk of tumor progression, with HR (95%
Cl) of 0.34 (0.17 to 0.68, P=0.002), 0.1 (0.02 to 0.39, P=0.001), and
0.19 (0.05 to 0.79, P=0.023).

Furthermore, individuals who encountered adverse events had
a decreased risk of tumor progression compared to those who did
not (HR=0.56, 95% Cl: 0.34 to 0.92, P=0.021).

Patients who terminated medication owing to toxicity had a
substantially reduced risk of progression than others (HR=0.1,
95% Cl: 0.01-0.76, P=0.026). Furthermore, patients who received
Ribociclib and Abemaciclib had a significantly lower risk of tumor
progression than those who received Palbociclib, with HR (95%
Cl) of 0.26 (0.12 to 0.6, P=0.002) and 0.1 (0.02 to 0.47, P=0.003),
respectively (Table 7).

CTabIe 7: Cox-regression analysis for factors associated with PFS of patients. )
Univariate analysis Multivariable analysis
Item
HR 95%Cl P-value HR 95%Cl P-value
20-39 Ref Ref
40-49 0.81 0.33to 1.96 0.636 0.49 0.18t0 1.34 0.164
Age group (years) 50-59 0.42 0.18to 1 0.051 0.3 0.11t0 0.81 0.017
60 - 69 0.46 0.19t0 1.13 0.090 0.22 0.08 to 0.61 0.004
70-89 0.7 0.14t0 3.38 0.655 0.36 0.07to 2 0.243
Comorbidities (+ve) 0.88 0.5to 1.55 0.660
Luminal A Ref Ref
Metastasis luminal classification
Luminal B 0.53 0.32t0 0.87 0.011 0.72 0.4t01.29 0.267
KI67 (%) 0.99 0.98to 1.01 0.454
Stage 1 Ref
Tumor stage at time of Stage 2 0.82  031to2.16  0.691
presentation Stage 3 0.64 | 024t01.69 @ 0371
Stage 4 0.69 0.23t0 2.08 0.514
First line chemotherapy in adjuvant/neoadjuvant setting 0.83 0.48 to 1.46 0.526
Didn’t receive 1st line chemotherapy Ref
Type of chemotherapy Anthracycline and Taxane based chemotherapy 0.93 0.52 to 1.66 0.806
Taxane based chemotherapy only 0.63 0.3to 1.32 0.220
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Did not receive adjuvant endocrine treatment Ref Ref
Endocrine therapy resistance in Denovo resistance 0.2 0.02to 1.64 0.134 0.23 0.03 to 2.05 0.188
adjuvant setting Secondary resistance 03 0.04t0 2.26 0.243 0.34 0.04t0 2.76 0.316
Metastatic from the start 0.27 0.03to 2.16 0.215 0.49 0.05t04.43 0.527
Number of sites/ organs of metastasis 1.15 0.81to 1.63 0.438
No CDK 4/6 Ref Ref
Ribociclib (Kisqgali) 0.34 0.17 t0 0.68 0.002 0.26 0.12t0 0.6 0.002
CDK 4/6 inhibitor subtype
Abemaciclib (Verzinio) 0.1 0.02 t0 0.39 0.001 0.1 0.02 to 0.47 0.003
Palbociclib (Ibrance) 0.19 0.05t00.79 0.023 0.23 0.04to 1.21 0.083
Adverse events 0.56 0.34t00.92 0.021 1.51 0.811t02.83 0.197
Discontinuation due to toxicity 0.1 0.01t0 0.76 0.026 0.3 0.04to0 2.41 0.260

HR: Hazard ratio, Cl: Confidence interval. Statistical significance at P value<0.05

CDK 4/6 inhibitor subtypes

In group A, there was a statistically significant difference in ad-
verse events between the CDK 4/6 inhibitor subtypes. Diarrhea
was more common with Abemaciclib, with 34.6% experiencing
grade 3 diarrhea with a statistically significant p-value (P-va-
lue<0.001). Neutropenia emerged in 36.3% of patients on Ribo-
ciclib, followed by Palbociclib (31.6%) and Abemaciclib (11.5%),
with a statistically significant difference (P=0.029). 23.1% of Abe-
maciclib-treated patients had anemia with a hemoglobin level of
less than or equal to 9 gm/dL (P=0.003).

Serum creatinine levels increased in 15.4% of Abemaciclib pa-
tients (P=0.031). Abemaciclib and Ribociclib caused bone pains in
19.2% and 4.5% of patients, respectively, with a significant P value
(P=0.026). Table 8 shows adverse outcomes for CDK 4/6 subtypes.

In terms of medication adherence in Group A, therapy was dis-
continued due to toxicity in an identical percentage across CDK
4/6 inhibitor subtypes (15.9% with Ribociclib, 15.4% with Abema-
ciclib, and 21.1% with Palbociclib). The mean time to cessation
in months for Ribociclib, Abemaciclib, and Palbociclib was 5.5, 4,
and 5 months, respectively.

After 6 months on CDK 4/6 inhibitors, 15 patients had disease
progression and failure, whereas 59 stayed on the same treatment
group. Patients in Group A were switched to a different treat-
ment line due to unacceptable toxicity or disease progression, as
judged by RECIST criteria. Following discontinuation, another CDK
4/6 and hormonal treatment (52.4%) was taken, followed by che-
motherapy for a visceral crisis (28.7%) and Everolimus-based the-
rapy (16%). There were no significant differences between CDK
4/6 inhibitor subtypes in terms of therapy response evaluation

CTable 8: Adverse events in group A according to CDK 4/6 inhibitors subtype.

using RECIST criteria. This is seen in Table 9.

CDK 4/6 subtype
Item P-value
Ribociclib (n=44) = Abemaciclib (n=26) Palbociclib (n=19)
Grade 1&2 0 (0%) 5(19.2%) 2 (10.5%)
Diarrhea Grade 3 0 (0%) 9 (34.6%) 0 (0%) <0.001
No 44 (100%) 12 (46.2%) 17 (89.5%)
Grade 1&2 13 (29.5%) 2(7.7%) 2(10.5%)
Neutropenia Grade 3 2 (4.5%) 1(3.8%) 4(21.1%) 0.029
Grade 4 1(2.3%) 0 (0%) 0 (0%)
No 28 (63.6%) 23 (88.5%) 13 (68.4%)
Grade 3 0 (0%) 3 (11.5%) 0 (0%)
Nausea & vomiting 0.031
No 44 (100%) 23 (88.5%) 19 (100%)
Grade 1&2 7 (15.9%) 10 (38.5%) 3 (15.8%)
Easy fatigability Grade 3 1(2.3%) 3 (11.5%) 0 (0%) 0.021
No 36 (81.8%) 13 (50%) 16 (84.2%)
Grade 1&2 4(9.1%) 6 (23.1%) 0 (0%)
Abdominal pain Grade 3 1(2.3%) 0 (0%) 0 (0%) 0.075
No 39 (88.6%) 20 (76.9%) 19 (100%)
Anaemia 1(2.3%) 6 (23.1%) 0 (0%) 0.003
Thrombocytopenia 0 (0%) 2(7.7%) 0 (0%) 0.127
Grade 1&2 0 (0%) 1(3.8%) 0 (0%)
Febrile neutropenia Grade 3 0 (0%) 2(7.7%) 0 (0%) 0.085
No 44 (100%) 23 (88.5%) 19 (100%)
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Grade 1&2 4 (9.1%) 0 (0%) 0 (0%)
Decreased appetite Grade 3 0 (0%) 2(7.7%) 0 (0%) 0.052
No 40 (90.9%) 24 (92.3%) 19 (100%)
Headache 2 (4.5%) 0 (0%) 0 (0%) 0.494
Grade 1&2 0 (0%) 2 (7.7%) 2 (10.5%)
Stomatitis Grade 3 0 (0%) 1(3.8%) 0 (0%) 0.092
No 44 (100%) 23 (88.5%) 17 (89.5%)
From 3 to 5 fold normal level 2 (4.5%) 2(7.7%) 0 (0%)
Elevated liver enzymes More than or equal to 5 fold normal level 0 (0%) 1(3.8%) 0 (0%) 0.426
No elevated liver enzymes 42 (95.5%) 23 (88.5%) 19 (100%)
Arthralgia 13 (29.5%) 9 (34.6%) 8 (42.1%) 0.622
Elevated serum creatinine (renal impairment) 1(2.3%) 4 (15.4%) 0 (0%) 0.031
Dizziness 0 (0%) 1 (3.8%) 0 (0%) 0.506
Cardiac ECG changes 1(2.3%) 0 (0%) 0 (0%) >0.999
Cardiac EF decrease 2 (4.5%) 0 (0%) 0 (0%) 0.494
Muscle weakness 1(2.3%) 2(7.7%) 3 (15.8%) 0.138
Rash, hot flush 3 (6.8%) 0 (0%) 1(5.3%) 0.430
Bony aches 2 (4.5%) 5(19.2%) 0 (0%) 0.026
Extremity pain 0 (0%) 2(7.7%) 0 (0%) 0.127
Skin patches 3 (6.8%) 0 (0%) 0 (0%) 0.308
Vitiligo 1(2.3%) 0 (0%) 0 (0%) >0.999
Dry skin 2 (4.5%) 0 (0%) 0 (0%) 0.494
Urinary tract infection 1(2.3%) 0 (0%) 0 (0%) >0.999
Vaginal infection 2 (4.5%) 0 (0%) 0 (0%) 0.494
Autoimmune hepatitis 0 (0%) 1 (3.8%) 0 (0%) 0.506
Acute kidney injury with dialysis need 0 (0%) 1(3.8%) 0 (0%) 0.506
ltching and urticarial reaction 2 (4.5%) 0 (0%) 0 (0%) 0.494
Eczema 1(2.3%) 0 (0%) 0 (0%) >0.999
Dental pain 1(2.3%) 0 (0%) 0 (0%) >0.999
Urinary tract infection 3 (6.8%) 0 (0%) 0 (0%) 0.308
Weight decreased 1(2.3%) 1(3.8%) 0 (0%) >0.999
No other adverse events 25 (56.8%) 14 (53.8%) 15 (78.9%) 0.179
Less than 1.5 ULN 1(2.3%) 2(7.7%) 0 (0%)
Hepatobiliary toxic events More than 3-10 ULN 0 (0%) 1(3.8%) 0 (0%) 0.320
Normal blood bilirubin level 43 (97.7%) 23 (88.5%) 19 (100%)

Numerical data are presented as median (IQR) and categorical data are presented as frequency (%), Statistical significance at P value<0.05, EF:

Ejection fraction

CTabIe 9: Discontinuation to therapy and response of group A according to CDK 4/6 inhibitors subtype.

)

CDK 4/6 subtype
Item P-value
Ribociclib (n=44) Abemaciclib (n=26) Palbociclib (n=19)
Discontinuation due to toxicity 7 (15.9%) 4 (15.4%) 4(21.1%) >0.999
Time to discontinuation (months) 5.5 (4,10.5) 4(2.5,5.5) 5(5, 5) 0.247
Shifted due to toxicity 7 (15.9%) 4 (15.4%) 4(21.1%)
Status Progressed 10 (22.7%) 3(11.5%) 2 (10.5%) 0.700
Still on treatment 27 (61.4%) 19 (73.1%) 13 (68.4%)
Another CDK 4/6 and hormonal therapy (group A) 7 (15.9%) 4 (15.4%) 4(21.1%)
Chemotherapy 8(18.2%) 0 (0%) 2 (10.5%)
Post discontinuation therapy 0.223
Everolimus based therapy 2 (4.5%) 3(11.5%) 0 (0%)
No progression and still on treatment 27 (61.4%) 19 (73.1%) 13 (68.4%)
Duration on post discontinuation therapy (months) 3(3,6) 3(2,24) 23 (4.75, 23) 0.311
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CR 12 (27.3%) 8 (30.8%) 1(5.3%)
Response according to RECIST PR 22 (50%) 12 (46.2%) 13 (68.4%)
criteria after 2nd line treatment 0.583
0, 0, 0,
(cdk 4/6) SD 6 (13.6%) 4 (15.4%) 3(15.8%)
PD 4(9.1%) 2(7.7%) 2 (10.5%)

Numerical data are presented as median (IQR) and categorical data are presented as frequency (%), Statistical significance at P value<0.05.
CR: Complete response, PR: Partial response, SD: Stationary disease, PD: Progressive disease coarse, RECIST: Response evaluation criteria in solid

tumors
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Figure 8: Kaplan Meier curve for PFS analysis of group A according
to CDK 4/6 subtype.
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The Kaplan-Meier analysis using the log-rank test revealed that
CDK 4/6 inhibitor subtypes had no statistically significant effect on
PFS, with progression rates of 22.7%, 11.5%, and 10.5% for Riboci-
clib, Abemaciclib, and Palbociclib, respectively (Figure 8).

Analysis of the operating system at the date cutoff found no
statistically significant difference in mortality rates between CDK
4/6 inhibitor subtypes, with 2.3% getting Ribociclib and 5.3% re-
ceiving Palbociclib (Figure 9).

Discussion

Approximately 66% of all breast cancers are hormone-receptor
positive, HER2-negative malignant breast neoplasms [2-4]. Adju-
vant endocrine treatment can cure the majority of hormone-re-
ceptor positive breast tumors in their early stages. However, the
number of patients who had recurrence and distant metastases
as a result of endocrine therapy resistance is still small.

Three CDK4/6 inhibitors have demonstrated encouraging re-
sults in clinical trials: Palbociclib [6-8], Ribociclib [9-12], and Abe-
maciclib [13,14]. Several clinical studies have shown that combi-
ning CDK4/6 inhibitors with endocrine therapy improves Progres-
sion-Free Survival (PFS) compared to endocrine treatment alone.

This study’s findings provide supporting evidence that treat-
ment had a statistically significant impact on patients’ PFS, as pa-
tients receiving CDK 4/6 inhibitors in combination with endocrine
therapy remained free of progression for a longer period of time
than those receiving endocrine therapy alone, with an estimated
mean of 65.53 months vs. 24.52 months. This pattern of results is
consistent with previous study, which found that adding CDK4/6
inhibitors to endocrine treatment significantly improved PFS in
persons with hormone receptor-positive, HER2-negative metasta-
tic breast cancer [6,8-11,13].

4 N

Mortality
100
90|+
g 8r
> 70
S ol
3 [
= 50 N -
_g 40 N
€ 30l |cDKa/6 inhibitors
€ 20 | | — Ribociclib (kisgali)
N Abemaciclib (Verzinio)
10 [—| — Palbociclib (Ibrance)
() i 1 1 1 1 1
0 50 100 150 200 250
Time (months)
Figure 9: Kaplan Meier curve for OS analysis of group A according to
CDK 4/6 subtype.
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The current study’s findings confirm the notion that there is
no statistically significant difference in overall survival between
individuals receiving CDK 4/6 inhibitors in conjunction with en-
docrine treatment and those getting endocrine therapy alone.
These findings support the argument that OS data are only avai-
lable for PALOMA 1 [7,8], PALOMA 3 [8], and MONALEESA 2 [9].
Two previous meta-analyses [21-23] were insufficient to identify
the overall survival advantage, which accounts for the majority
of survival. The outcomes of the included RCTs are pending. The
US Food and Drug Administration pooled study [24] revealed a
non-statistically significant OS benefit across all pooled studies.
Because the efficacy data were obtained on April 30, 2018, the
overall survival rates for all pooled studies are now incomplete.

Li et al. [25] revealed that CDK4/6 inhibitors improved overall
survival (HR 0.79, 95% Cl). 0.67—-0.93), despite the fact that there
were just three randomized controlled trials. Schettini et al. [26]
completed a meta-analysis. CDK4/6 inhibitors were proven to im-
prove OS, although they did not include PALOMA-1’s most recent
operating system data, which was published in 2017 [7,8]. The
latest OS findings from the phase Il investigations MONARCH?2,
MONALEESA 3, and 6 have been revealed [13,14]. A recent me-
ta-analysis extensively examined all six trials, randomized clinical
investigations, and updated OS data.

We found that CDK4/6 inhibitors with endocrine therapy signi-
ficantly improved OS in patients with metastatic luminal breast
cancer compared to endocrine therapy alone. We hypothesize
that the difference in OS and PFS is attributable to the varied
subsequent treatment regimens and the switch from control to
CDK4/6 inhibitor therapy. In this example, the increase in PFS was
insufficient to justify an OS extension.
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The findings clearly suggest that diarrhea, neutropenia, easy
fatigability, stomach discomfort, anemia, arthralgia, and muscular
weakness occurred in much greater proportions in group A than
in group B. Previous studies have shown that adding CDK4/6 in-
hibitors increased the number of grade 3 and 4 adverse events.
The majority of adverse effects impact the blood system, inclu-
ding neutropenia, leucopenia, and anemia. There is a significant
difference in the frequency of grade 3 digestive system adverse
events, such as diarrhea and vomiting [7,8,21-26].

In our study, CDK 4/6 inhibitors delivered to group A had no
statistically significant effect on PFS, with progression rates of
22.7%, 11.5%, and 10.5% for Ribociclib, Abemaciclib, and Palboci-
clib, respectively. There was no statistically significant difference
in OS between the three CDK 4/6 groups, with death rates of 2.3%
and 5.3% in patients on Ribociclib and Palbociclib, respectively.
This pattern of results is comparable with previous research,
which shows that all CDK4/6 inhibitor trials exhibited consistent
PFS effects (HRs ranging from 0.50 to 0.59). Meta-analyses revea-
led no significant differences in PFS across medicines [7,8,22-27].

As a consequence, OS has determined the most essential indi-
cators of pharmacological effectiveness. A network meta-analysis
was used to indirectly evaluate the differences in OS and safety
profiles across diverse medicines. Their findings reveal that there
are no substantial effectiveness differences in OS among the three
medications and that effect sizes are clinically important in the
majority of cases, independent of statistical significance. Howe-
ver, as expected, there were significant disparities in safety and
tolerability [22-27].

Previous studies found significant differences in the safety
and tolerability of several CDK4/6 inhibitors. Our study found a
strong relationship between the CDK 4/6 subtype and the occur-
rence of diarrhea, neutropenia, nausea and vomiting, easy fati-
gability, anemia, renal impairment, and bone pains. Abemaciclib
was associated with diarrhea, accounting for 34.6% of cases. Neu-
tropenia is 36.3%, 31.6%, and 11.5% with Ribociclib, Palbociclib,
and Abemaciclib, respectively. This conclusion is consistent with
recent studies indicating that the most common adverse effects
of CDK4/6 inhibitors are hematologic toxicity, which causes a de-
crease in blood cell counts across many lineages.

Notably, the RORs for Palbociclib and Ribociclib were higher
than those for Abemaciclib, and serious systemic infections were
uncommon, in line with an earlier study [27]. Hematologic toxi-
city, the most prominent adverse effect of CDK4/6 inhibitors, is
primarily caused by their capacity to inhibit CDK®6, a critical regu-
lator of hematopoietic precursor proliferation [28,29]. Palbociclib
is similarly effective against both CDK4 and CDK6, but Abemaciclib
has a higher affinity for CDK4, resulting in less hematologic da-
mage [28,30].

Furthermore, CDK4/6 inhibitors produce neutropenia primarily
through cell cycle suppression rather than chemotherapy-induced
DNA damage and consequent death in hematopoietic cells [31].

Study limitations and strengths

Our study has various limitations due to its retrospective na-
ture; a selection bias cannot be totally removed. Another draw-
back was that our investigation was conducted in a single site
with a small number of patients, preventing accurate matching

between study groups in terms of comparable staging and hence
proper comparison. Furthermore, this study included all patients
who came in during this time period, whether they were new-
ly diagnosed or had previously been diagnosed with metastatic
luminal breast cancer, resulting in some disparities across study
groups.

We suggest more research with a bigger sample size to support
or refute our findings. Furthermore, this was the first research to
compare the efficacy and safety of three currently available CDK
4/6 inhibitors. Furthermore, this study was carried out in Egypt,
where patients and tumors differ from those found in Western
nations.

Conclusion

Compared to endocrine therapy alone, CDK4/6 inhibitors si-
gnificantly improved PFS and OS in patients with hormone re-
ceptor-positive, HER2-negative metastatic breast cancer. CDK4/6
inhibitors provided consistent benefits in patients with a variety
of patient and tumor characteristics. However, CDK4/6 inhibitors
have a higher risk of negative side effects. According to our fin-
dings, the kinds of CDK 4/6 inhibitors used showed no statistically
significant difference in PFS or OS.
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