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Abstract: Background: There are limited real-world data (RWD) regarding the use of cyclin-dependent
kinase (CDK) 4/6 inhibitors in western Balkan. The aim of our study was thus to analyze factors
influencing progression-free survival (PFS) and overall survival (OS), along with the differences in
adverse effects of CDK 4/6 therapy in a tertiary healthcare center in Croatia. Methods: We evaluated
medical and demographic data for 163 consecutive patients with metastatic breast cancer treated
with CDK4/6 inhibitors for at least one month, from October 2018, after the drug became available
in Croatia. Eligible patients in our study were those patients who were treated with palbociclib,
ribociclib, or abemaciclib. Results: The median PFS of CDK4/6 inhibitors treatment was 2.2 years
(95% CI 1.8–3.3), with the longest ongoing treatment for 5.4 years. Treatment with CDK4/6 inhibitors
in the first line was associated with a longer PFS compared to the second line or beyond (HR 0.50, 95%
CI 0.3–0.9), and patients without liver metastasis exhibited longer survival compared to patients with
liver metastasis (HR 0.46, 95% CI 0.2–0.8) (both p < 0.05). Regarding the choice of CDK4/6 inhibitors,
ribociclib exhibited longer PFS compared to palbociclib (HR 0.49, 95% CI 0.29–0.82) (p = 0.0032),
although the effect was not statistically significant when separating patients who were treated with
CDK4/6 inhibitors in the first-line (HR 0.59, 95% CI 0.29–1.2), or second- or later-line therapy (0.49,
95% CI 0.15–1.55); the trend was present in both lines, however. The presence of liver metastasis
(p = 0.04), initial luminal A grade (p = 0.039), and time to metastasis up to 5 years from the initial
cancer (p = 0.002) were the only factors that remained statistically significant for PFS in multivariate
analysis. Median OS since the diagnosis of metastatic disease was 4.5 years (95% CI 3.9–6.3), median
OS since the start of CDK4/6 inhibitors treatment was 3.7 years (95% CI 3.4–4.4), while median OS
from initial cancer diagnosis was 15.8 years (95% CI 13.8–18.3). There was no difference in OS based
on the choice of CDK4/6 inhibitor (p = 0.44) or the adjuvant hormonal therapy (p = 0.12), although a
nonsignificant trend for better OS with ribociclib was present for both regardless of whether it was in
first- or second/later-line therapies (p > 0.05). In a multivariate analysis, only the presence of liver
metastasis (p = 0.0003) and time to metastasis under 5 years from primary breast cancer (p = 0.03)
were associated with a worse OS. Conclusion: Our study provides the RWD with the use of CDK4/6
inhibitors in the treatment of metastatic HR+/HER2− breast cancer. To our best knowledge, there are
limited RWD regarding CDK 4/6 inhibitors use in western Balkan; thus, our study provides valuable
data from everyday clinical practice for this region of Europe, bridging the gap between randomized
clinical trials and clinical reality in western Balkan.

Keywords: cyclin-dependent kinase 4/6 inhibitors; progression-free survival; overall survival;
adverse events
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1. Introduction

Breast cancer is the most common cancer worldwide, accounting for 12.5% of all
cancers and over 30% of all cancers in women [1]. More than 80% of invasive breast
cancer cases are diagnosed in women over the age of 50, and 91% of deaths occur in this
age group. Half of breast cancer deaths occur in women aged 70 or older [2]. Hormone
receptor-positive (HR+), human epidermal growth factor receptor 2 (HER2)-negative cancer
accounts for approximately 70% of all breast cancer cases, making it the most common
subtype. The time to develop metastasis in luminal HER2-negative breast cancer can be
variable, but these patients generally experience a longer disease-free interval compared
to HER2-positive and triple-negative breast cancer patients. The most common sites of
metastasis for luminal HER2-negative breast cancer are the bones, followed by the lungs,
liver, and brain. Although it is considered the most favorable subtype in localized disease,
metastatic HR+ tumors had a poor prognosis until the introduction of cyclin-dependent
kinase (CDK) 4/6 inhibitors [3,4].

Endocrine therapy (ET) is the mainstay for the HR+ luminal subtype of breast cancer
treatment, but its efficacy is limited by drug resistance, which is almost inevitable in
advanced breast cancer patients. One of the basic biological features of malignant tumors
is the uncontrolled proliferation and malignant transformation of tumor cells caused by a
disruption of cell cycle regulation. Cyclin-dependent kinase 4/6 inhibitors restore the cell
cycle by selectively inhibiting CDK 4 and 6 and blocking cell proliferation in a variety of
tumor cells, including those of breast cancer [5].

The use of CDK4/6 inhibitors in combination with aromatase inhibitors or fulvestrant
has fundamentally changed the treatment of ET resistance in hormone receptor-positive
(HR+)/HER2-negative (HER2−) breast cancer [6–8]. Three CDK4/6 inhibitors are currently
approved: palbociclib, ribociclib, and abemaciclib for first- and second-line treatment of
HR+/HER2-metastatic breast cancer. The first approved CDK 4/6 inhibitor was palboci-
clib in 2015 following publication in the PALOMA-1/TRIO-18 study [9]. After that, the
PALOMA-2 trial evaluated the efficacy of palbociclib in combination with letrozole versus
letrozole alone in postmenopausal women with ER+/HER2− advanced breast cancer. The
results showed a significant improvement in PFS for the palbociclib group (24.8 months)
compared to the letrozole group (14.5 months) [10]. Additionally, the PALOMA-3 clin-
ical trial showed similar results for the combination of ribociclib and fulvestrant [11].
MONALEESA-2, a phase III trial, assessed ribociclib in combination with letrozole versus
letrozole alone in postmenopausal women with HR+/HER2− advanced breast cancer.
The trial demonstrated a median PFS of 25.3 months for the ribociclib group compared
to 16.0 months for the placebo group [12]. The MONALEESA-3 [13] and MONALEESA-7
trials [14] further confirmed the efficacy of ribociclib in combination with fulvestrant and en-
docrine therapy in both premenopausal and postmenopausal women, showing significant
improvements in PFS. In 2017, the MONARCH 2 trial reported data evaluating abemaciclib
in combination with fulvestrant in HR+/HER2- breast cancer patients who had progressed
on prior endocrine therapy. The median PFS was 16.4 months for the abemaciclib plus
fulvestrant group versus 9.3 months for the placebo plus fulvestrant group [15]. Finally,
in the MONARCH 3 trial, abemaciclib was combined with a nonsteroidal aromatase in-
hibitor in postmenopausal women with HR+/HER2− advanced breast cancer. The median
PFS was 28.2 months for the abemaciclib group compared to 14.8 months for the placebo
group [16]. Individual studies on CDK 4/6 inhibitors show a similar effect on PFS, but
different statistical significance for overall survival (OS) [16,17]. In general, CDK 4/6
inhibitors are well tolerated. Patients have a good quality of life, take peroral medication,
and do not require frequent check-ups. The most common adverse events include anemia,
neutropenia, fatigue, nausea, diarrhea, and QT prolongation [7,8]. Abemaciclib is struc-
turally different from the other two CDK4/6 inhibitors and has greater selectivity for CDK4
compared to CDK6. CDK4 is particularly important for breast tumorigenesis, while CDK6
plays a crucial role in hematopoietic stem cell differentiation. Therefore, it shows a higher
rate of diarrhea and fatigue, but a lower rate of hematologic adverse events, including
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neutropenia. In contrast to the current data for palbociclib, ribociclib has a higher incidence
of QT interval prolongation [8]. Outside of the mentioned clinical studies, variable success
of CDK 4/6 inhibitors therapy was reported in real-world data, which provides important
insights regarding important clinical parameters such as PFS, OS, and adverse events in
everyday clinical practice in patients with various demographic and clinical characteristics
that usually are not adequately represented in randomized clinical studies [17–19].

CDK 4/6 inhibitors were approved by Croatia’s regulatory body in 2018 for the
treatment of metastatic HR+ luminal breast cancer. The aim of our study was to analyze
factors influencing PFS and OS, along with the differences in adverse effects, for CDK 4/6
inhibitor therapy in a tertiary healthcare center in Croatia since the introduction of CDK
4/6 inhibitors in Croatia in 2018.

2. Methods

We conducted a retrospective observation study at the Clinical Hospital Center Ri-
jeka, Croatia. We evaluated medical and demographic data for consecutive patients with
metastatic breast cancer treated with CDK4/6 inhibitors for at least one month, from Octo-
ber 2018, after the drug became available in Croatia, until February 2024, in order to include
at least one radiological scan. Eligible patients in our study were those patients who were
treated with palbociclib, ribociclib, or abemaciclib. Patients with incomplete medical data
or those with unknown clinical outcomes were excluded from this analysis.

The choice of CDK4/6 inhibitor and parallel hormonal therapy was based on the
independent physician’s choice, although not all medications became available immedi-
ately. CDK4/6 inhibitors were approved for each patient in 12-week cycles, after which a
regulatory body decided whether to allow further treatment based on clinical evaluation,
radiological scan, and laboratory analyses.

The study’s main goal was to evaluate factors influencing PFS (defined as the time
from the start of CDK4/6 inhibitors to clinical or radiologic progression) and OS (defined
as the time from the diagnosis of metastatic disease to death or loss of contact). Further
analysis included adverse effects, graded according to Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. In our study, adverse events were identified through
medical history of each patient.

Descriptive statistics were used to describe the data, the Chi-squared test was used
to test the distributions, and the Mann–Whitney U-test was used to compare the groups.
Spearman rank correlation was used for correlation analysis. Survival analyses were
conducted using the Kaplan–Meier test, while univariate and multivariate analyses were
performed using the Cox proportional hazard model. Multivariate analyses took into
consideration the values which were found to be statistically significant in univariate
analyses. Values of p <0.05 were considered statistically significant. Statistical analyses
were performed using MedCalc Statistical Software, version 19 (MedCalc Software bvba,
Ostend, Belgium).

The study was performed according to the Declaration of Helsinki. As the patient data
were classified and the study was noninterventional and retrospective, signed informed
consent was not required.

3. Results

We included 163 patients, all women (100%). The median age at the time of initial
cancer diagnosis was 57.0 (95% CI 54.6–59.0), ranging from 32.3 to 82.4 years, with the
earliest primary cancer diagnosed in 1990 (Table 1).

The exact number of patients (7.4% (N = 12)) developed contralateral breast cancer
later or a same-side local relapse. A total of 5 patients developed both contralateral breast
cancer and same-side relapse (3.1%).

Contralateral breast cancer developed after a median of 9.1 years (95% CI 6.5–14.2)
after the primary breast cancer diagnosis, while same-side relapse occurred after a median
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of 11.5 years (95% CI 6.3–14.2) after the primary. Synchronous breast cancer was found in
2.5% (N = 4) of patients.

For patients with known data, chemotherapy for primary cancer was applied on a
median for 18 weeks (95% CI 18–21, ranging from 6 to 24 weeks) (Table 1). A total of
35 (21%) of patients received neoadjuvant chemotherapy and 63 (39%) received adjuvant
chemotherapy. A similar number received regiments with or without paclitaxel (Table 1).
Although all patients were recommended hormonal therapy, most commonly AI (N = 57,
35%), at least 20% (N = 32) did not complete the therapy.

When analyzing the original breast cancer, the median value of estrogen receptor
expression was 90% (95% CI 87.4–90.0, ranging from 8 to 100), progesterone receptor 37.5%
(95% CI 22.0–55.0, ranging from 0 to 100), and Ki67 23.0% (95% CI 21.4–25.0, ranging from
1 to 85).

The median age at which the metastatic cancer was discovered was 64.7 years (95% CI
62.1–66.5, ranging 33.5–84.8). A total of 25% of patients were younger than 55.5 years, and
25% of patients were older than 71.5 years. At the time of metastatic cancer diagnosis, the
majority of patients were classified as either Eastern Cooperative Oncology Group (ECOG)
0 (N = 57, 35.0%) or ECOG 1 (N = 101, 62.0%), with 5 patients described as either ECOG 2
or 3 (3.0%).

Patients developed metastatic disease after a median of 4.3 years (95% CI 2.6–6.1) after
primary breast cancer, although the range was 0–33.2 years, with the 75th percentile during
the first 10.4 years (95% CI 8.4–11.9). The majority of patients initially reported with an
early breast cancer (67.5% (N = 110)) compared to 53 patients (32.5%) initially diagnosed
with metastatic breast cancer. Similarly, the majority of patients were postmenopausal at
diagnosis (N = 124, 76.1%).

Metastatic disease was discovered primarily after elevation of tumor markers in
44 patients (26.9%), clinical examination in 54 patients (33.1%), or routine scan in 26 patients
(15.9%), while no data were available for 39 patients.

The most common sites of metastasis were the bones (N = 106, 65.0%), followed by
lungs (N = 58, 35.6%) and lymph nodes (N = 39, 23.9%) (Table 2). A total of 79 patients
had a cytological or histopathological confirmation of the metastatic lesion. The metastatic
lesions had a median expression of estrogen receptors of 90% (95% 90–94.7, range 5–100),
progesterone receptors of 0.45% (95% CI 0–5, range 0–100), and a median value of Ki67 of
35% (95% CI 26–37, range 10–80).

When compared to the initial cancer, the metastasis of the majority of patients ex-
pressed a higher level of estrogen receptors (N = 33, 61.1%). However, progesterone levels
were lower in 60% of the patients (N = 30), and Ki67 levels were higher in 58.9% (N = 34)
compared to the initial sample.

There was no difference between the ER expression (p = 0.37) between the initial and
metastatic cancer, compared to the PR expression, which was lower in metastatic lesions,
and Ki67 expression, which was higher (both p < 0.001).

Table 1. Data regarding the initial breast cancer diagnosis.

Parameter Number of Patients Percentage of Patients

Initial T stage

1 38 23.3

2 50 30.7

3 29 17.8

4 34 20.9

Not reported 12 7.4
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Table 1. Cont.

Parameter Number of Patients Percentage of Patients

Initial N stage

0 36 22.1

1 71 43.6

2 34 20.9

3 11 6.7

Not reported 11 6.7

Initial M stage

No 110 67.5

Yes 53 32.5

Initial cancer grade

1 14 8.6

2 120 73.6

3 14 8.6

Not reported 15 9.2

Luminal breast cancer

A 30 18.4

B 102 62.6

Not reported 31 19.0

Contralateral breast cancer

No 12 7.4

Yes 151 92.6

Same-side relapse

No 12 7.4

Yes 151 92.6

Neoadjuvant chemotherapy

No 97 59.5

Yes 35 21.5

Not reported 31 19.0

Adjuvant chemotherapy

No 69 42.3

Yes 63 38.7

Not reported 31 19.0

Type of chemotherapy

With paclitaxel 34 20.9

AC + weekly paclitaxel 30 18.4

Paclitaxel 3 1.8

FAC + paclitaxel 1 0.6

Without paclitaxel 45 27.6

AC 11 6.7

CMF 2 1.2
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Table 1. Cont.

Parameter Number of Patients Percentage of Patients

Type of chemotherapy

FAC 32 19.6

Not reported 5 3.1

Completed hormonal therapy for primary

No 32 19.6

Yes 101 62.0

Neoadjuvant 1 0.6

Not reported 29 17.8

Type of hormonal therapy

Not reported or did not use 64 39.3

SERM 27 16.6

SERM/AI 15 9.2

AI 57 35.0

Anastrozole 42 25.8

Letrozole 21 12.9

Exemestane 8 4.9

Unknown AI 1 0.6
AC = doxorubicin + cyclophosphamide, AI = aromatase inhibitor, CDK = cyclin-dependent kinase,
CMF = cyclophosphamide + methotrexate + 5-fluorouracil, FAC = 5-fluorouracil + doxorubicin + cyclophos-
phamide, SERD = selective estrogen receptor degrader, SERM = selective estrogen receptor modulator. Bold
values denote statistical significance.

Table 2. Data on histopathological evaluation of metastatic lesions.

Parameter Number of Patients Percentage

Successful cytological or histopathological confirmation of the disease

No 84 51.5

Yes 79 48.5

Bone 16 9.8

Lymph node 11 6.7

Ascites/pleural fluid 4 2.5

Skin or subcutaneous lesion 14 8.6

Visceral organ 34 20.9

ER in metastatic lesion compared to initial cancer

Higher 33 61.1

The same 9 16.7

Lower 12 22.2

PR in metastatic lesion compared to initial cancer

Higher 7 14.0

The same 13 26.0

Lower 30 60.0
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Table 2. Cont.

Parameter Number of Patients Percentage

Ki67 in metastatic lesion compared to initial cancer

Higher 31 53.4

The same 11 19.0

Lower 16 27.6

Distribution of the most common metastatic sites

Bone 106 65.0

Lungs 58 35.6

Lymph nodes 39 23.9

Liver 35 21.5

Skin, subcutaneous tissue or muscle 14 8.6

Peritoneum 6 3.7

Pleura 6 3.7

Ovaries 6 3.7

Brain 4 2.5

Adrenal glands 3 1.8

Leptomeningeal 1 0.6

Not all data are available for each patient.
Progression-free survival (PFS).

A total of 160 patients were included in the analysis since there were missing data
for 1 patient, and 2 patients ceased CDK4/6 treatment due to adverse effects in the first
6 months but reported no progression afterward. The majority of patients are still undergo-
ing treatment (N = 81, 50.6%) (Table 3).

Table 3. Details regarding the use of CDK4/6 inhibitors in metastatic disease.

Parameter Number of Patients Percentage (%)

CDK4/6 type of medication

Abemaciclib 36 22.1

Ribociclib 66 40.5

Palbociclib 57 35.0

Dual (switched) 3 1.8

Triple (switched) 1 0.6

CDK4/6 line of treatment

First 130 79.8

Second 22 13.5

Third 9 5.5

Fourth 2 1.2

Complementary hormonal drug

SERD (Fulvestrant) 68 41.7

SERD/AI switch 1 0.6

Not reported 1 0.6
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Table 3. Cont.

Parameter Number of Patients Percentage (%)

Complementary hormonal drug

AI 94 57.1

Anastrozole 14 8.6

Exemestan 20 12.3

Letrozole 59 36.2
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, SERD = selective estrogen receptor degrader. Bold
values denote statistical significance.

The median PFS of CDK4/6 treatment was 2.2 years (95% CI 1.8–3.3), with the longest
ongoing treatment for 5.4 years. Treatment with CDK4/6 in the first line was associated
with a longer PFS compared to the second line or beyond (HR 0.50, 95% CI 0.3–0.9), and
patients without liver metastasis exhibited longer survival compared to patients with liver
metastasis (HR 0.46, 95% CI 0.2–0.8) (both p < 0.05) (Table 4).

Table 4. Factors associated with PFS in metastatic disease.

Parameter Number of
Patients (%) PFS, Years (95% CI) p-Value

ECOG status

0 57 2.5 (1.8–3.4)

1 99 2.1 (1.6–3.5)

2 or 3 4 3.0 (0.5–3.0) 0.68

Line of treatment

First 127 3.0 (2.0–3.6)

Second or later 33 1.5 (0.9–2.0) p = 0.0037

Metastatic site

Bone metastasis 104 2.1 (1.6–3.3)

No bone metastasis 56 2.3 (1.8–3.3) p = 0.25

Lung metastasis 55 2.0 (1.7–2.9)

No lung metastasis 105 2.5 (1.6–3.5) p = 0.67

Liver metastasis 35 1.5 (0.6–2.1)

No liver metastasis 125 3.0 (1.9–4.4) p = 0.001

Lymph nodes metastasis 39 3.0 (1.7–3.3)

No lymph node metastasis 121 2.1 (1.7–3.3) p = 0.44

Skin/subcutaneous metastasis 14 2.9 (0.9–2.9)

No skin/subcutaneous metastasis 146 2.1 (1.8–3.3) p = 0.90

Peritoneum metastasis 6 1.8 (0.8–1.8)

No peritoneal metastasis 154 2.3 (1.8–3.3) p = 0.84

Pleural metastasis 6 2.9 (2.9–2.9)

No pleural metastasis 154 2.1 (1.7–3.3) p = 0.12

Ovarian metastasis 6 Not reached

No ovarian metastasis 154 2.2 (1.9–3.3) 0.25
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Table 4. Cont.

Parameter Number of
Patients (%) PFS, Years (95% CI) p-Value

Menopausal status

Premenopausal 39 2.0 (1.2–3.0)

Postmenopausal 121 2.3 (1.7–3.4) 0.17

Discovery of metastatic disease

Elevation of tumor markers 43 1.8 (0.9–2.7)

Asymptomatic scan or lab 26 n/r

Clinical suspicion 53 1.8 (1.4–3.3) 0.16

Previous contralateral tumor

Yes 12 1.3 (0.5–3.4)

No 148 2.4 (1.8–3.3) 0.02

Previous same-side relapse

Yes 12 1.75 (0.4–2.4)

No 148 2.2 (1.8–3.3) 0.39

Synchronous primary

Yes 4 1.6 (0.8–1.6)

No 156 2.2 (1.8–3.3) 0.77

Initially metastatic disease

No 108 2.0 (1.5–2.9)

Yes 52 Not reached 0.04

Previous chemotherapy

No 70 3.0 (1.8–3.3)

Yes 90 1.9 (1.5–3.3) 0.11

Without paclitaxel 42 2.1 (1.5–3.6)

With paclitaxel 34 1.7 (0.9–3.4) 0.39

Previous hormonal therapy

AI 56 1.9 (1.45–3.4)

SERM 27 2.4 (1.2–3.5)

SERM/AI 15 1.3 (0.4–1.8) 0.24

Age of metastatic disease (median)

Younger than 64.7 years 80 2.0 (1.75–2.9)

Older than 64.7 years 80 3.3 (1.7–3.4) 0.24

Age of metastatic disease (category)

50 or younger 22 1.2 (0.9–3.0)

50–59 years 39 2.2 (1.8–3.5)

60–69 years 51 3.3 (1.5–4.4)

70–79 years 41 2.3 (1.6–3.3)

80 or older 7 Not reached 0.35

Time from original cancer to metastatic cancer

Synchronous 52 Not reached

Less than 5 years 36 1.5 (0.6–2.1)
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Table 4. Cont.

Parameter Number of
Patients (%) PFS, Years (95% CI) p-Value

Time from original cancer to metastatic cancer

5 to 10 years 31 4.4 (2.4–4.4)

More than 10 years 40 1.8 (1.2–3.3) 0.0006

Initial T stage

1 37 1.6 (0.8–3.3)

2 50 2.3 (1.5–3.4)

3 29 3.6 (2.0–3.5)

4 34 2.5 (1.8–3.4) 0.11

Initial N stage

0 35 3.3 (0.7–3.6)

1 70 2.5 (1.6–3.4)

2 34 2.0 (1.6–2.3)

3 11 Not reached 0.59

Initial luminal differentiation

A 30 Not reached

B 70 2.0 (1.7–3.3) 0.03

Initial cancer grade

1 14 Not reached

2 117 2.2 (1.7–3.3)

3 14 2.0 (1.5–2.0) 0.33
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, PFS = progression-free survival, SERM = selective
estrogen receptor modulators, SERD = selective estrogen receptor degrader. Bold values denote statistical
significance.

Although PFS did not differ based on the discovery type of the metastatic disease,
there was a trend in longer PFS when the disease was discovered in asymptomatic patients
compared to the discovery after elevation of tumor biomarkers (HR 0.50, 95% CI 0.25–0.97,
p = 0.07). While previous same-side relapse was not associated with worse PFS, previous
contralateral breast cancer was associated with a worse PFS (HR 2.2, 95% CI 0.8–5.7,
p = 0.02) (Table 4).

Although age did not seem to affect PFS, there was a trend that patients younger than
the age of 50 exhibited worse PFS compared to older patients (HR 1.68, 95% CI 0.82–3.47,
p = 0.08). Although the trend was not statistically significant, compared to the youngest,
the oldest cohort of patients exhibited an HR 0.28 (95% CI 0.08–1.00, p = 0.19) for PFS.

The relationship of time from initial diagnosis to metastatic disease showed to be a
complex one, as patients with either synchronous metastatic disease or metastatic disease
occurring 5 to 10 years after the initial diagnosis exhibited longer PFS when compared
to patients with metastatic disease arising during the 0–5 years from initial diagnosis
(HR 2.7 (95% CI 1.4–5.3) or more than 10 years after, HR 3.2 (95% CI 1.6–6.5), p = 0.0006,
respectively).

Luminal subtype of the initial cancer was associated with a PFS, with patients with
initial luminal stage A exhibiting a longer PFS (HR 0.47, 95% CI 0.3–0.8, p = 0.03) compared
to luminal B patients. Initial tumor grade did not affect PFS, although there was a trend
toward more prolonged survival with grade 1 compared to grades 2 and 3 (HR 0.51 and
HR 0.61, but both p > 0.05) (Table 4).
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For patients with a biopsied metastatic lesion, we noted there was no change in PFS
regardless of the Ki67 value, or the change from initial cancer, although patients with
estrogen receptors <90% in metastatic lesion exhibited worse PFS (HR 1.9, 95% CI 1.0–3.7,
p = 0.02). Similarly, having progesterone receptors in a metastatic lesion higher than 10%
was associated with a better PFS both compared to patients with a zero value (HR 0.32, 95%
CI 0.13–0.8), or up to 10% (HR 0.37, 95% CI 0.2–0.7), p = 0.02 (Table 5).

Table 5. Difference in PFS depending on the expression of the receptors on the metastatic site biopsy.

Pathological Expression Number of Patients (%) OS, Years (95% CI) p-Value

Ki67 levels

Up to 30% 26 1.8 (0.9–3.6)

30 to 50% 25 1.45 (1.3–3.3)

50% or higher 11 0.9 (0.2–2.0) 0.73

Change in Ki67 from the initial cancer

The same 10 3.3 (0.8–3.3)

Negative change 16 1.75 (0.9–2.0)

Rise up to 20% 17 3.6 (0.6–3.6)

Rise over 20% 14 1.8 (0.9–2.3) 0.46

Estrogen receptors

>90% 47 2.1 (1.45–3.6)

< 90% 26 1.3 (0.6–2.0) 0.019

Progesterone receptors

Zero 34 1.45 (0.9–2.3)

Less than 10 12 1.2 (0.6–3.5)

More than 10 22 Not reached 0.02
PFS = progression-free survival. Bold values denote statistical significance.

Regarding the choice of CDK4/6, ribociclib exhibited longer PFS compared to pal-
bociclib (HR 0.49, 95% CI 0.29–0.82) (p = 0.0032), although the effect was not statistically
significant when separating patients who were treated with CDK4/6 inhibitors in the
first-line (HR 0.59, 95% CI 0.29–1.2), or second or later-line therapy (0.49, 95% CI 0.15–1.55);
the trend was present in both lines, however (Table 6).

Table 6. Difference in PFS depending on the choice of CDK4/6 treatment and adjuvant hormonal
therapy.

Medication Number of Patients PFS (95% CI), Years p-Value

CDK4/6

Abemaciclib 36 2.7 (1.6–3.6)

Palbociclib 57 1.7 (1.2–2.0)

Ribociclib 63 3.3 (2.0–4.4)

Dual or triple-switch 4 Not reached p = 0.0032

Adjuvant hormonal therapy

AI 91 3.3 (2.0–4.4)

Fulvestrant 67 1.7 (1.3–2.4) 0.019
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, PFS = progression-free survival. Bold values denote
statistical significance.
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The use of AI compared to SERD was associated with a longer PFS (HR 0.59, 95% CI
0.38–0.94), which was due to the longer survival in the first-line setting (HR 0.47, 95% CI
0.25–0.85), although the opposite was true in second-line and beyond (HR 2.99, 95% CI
0.95–9.3) (all p < 0.05).

A further multivariate analysis was undertaken, and only three factors remained
statistically significant. The presence of liver metastasis (p = 0.04), initial luminal A grade
(p = 0.039), and time to metastasis up to 5 years from the initial cancer (p = 0.002) were the
only factors that remain statistically significant for PFS.

3.1. Overall Survival

Complete data for OS were reported for 162 patients. Median OS since the diagnosis
of metastatic disease was 4.5 years (95% CI 3.9–6.3), median OS since the start of CDK4/6
treatment was 3.7 years (95% CI 3.4–4.4), while median OS from initial cancer diagnosis
was 15.8 years (95% CI 13.8–18.3).

Several analyzed factors were associated with a difference in OS (Table 7). The presence
of liver metastasis (HR 2.9 (95% CI 1.4–5.7), p = 0.0001) (Figure 1) or previously diagnosed
contralateral breast cancer (HR 2.4 (95% CI 0.7–8.2), p = 0.03) was associated with worse
OS. Furthermore, the time from the primary cancer to the appearance of metastatic disease
also had a significant effect with bimodal distribution. Synchronous metastatic cancer or
metastatic cancer diagnosed from 5 to 10 years after initial cancer both exhibited better OS
compared to patients with metastatic diagnosis less than 5 years from primary (HR 0.39
(95% CI 0.2–0.9) and HR 0.19 (95% CI 0.1–0.4), respectively) or more than 10 years (HR 0.46
(95% CI 0.2–0.9) and HR 0.22 (95% CI 0.1–0.5), respectively) (p = 0.001) (Figure 2).

Table 7. Factors associated with OS in metastatic disease.

Parameter Number of
Patients (%) OS, Years (95% CI) p-Value

ECOG status

0 57 6.0 (4.3–10.1)

1 101 3.9 (3.6–5.9)

2 or 3 4 Not reached 0.19

Line of treatment

First 129 Not reached

Second or later 33 4.5 (4.1–10.1) 0.52

Metastatic site

Bone metastasis 105 5.2 (4.0–10.1)

No bone metastasis 56 4.4 (3.2–6.0) 0.52

Lung metastasis 57 6.0 (3.3–6.0)

No lung metastasis 105 4.5 (3.9–10.1) 0.94

Liver metastasis 35 2.8 (1.6–4.4)

No liver metastasis 127 5.9 (4.1–10.1) 0.0001

Lymph nodes metastasis 39 6.0 (3.3–6.0)

No lymph node metastasis 123 4.4 (3.8–10.1) 0.64

Skin/subcutaneous metastasis 14 Not reached

No skin/subcutaneous metastasis 148 4.5 (3.9–6.3) 0.88

Peritoneum metastasis 6 3.3 (3.2–3.3)

No peritoneal metastasis 156 4.5 (4.0–6.3) 0.32

Pleural metastasis 6 Not reached
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Table 7. Cont.

Parameter Number of
Patients (%) OS, Years (95% CI) p-Value

Metastatic site

No pleural metastasis 156 4.4 (3.9–6.3) 0.17

Ovarian metastasis 6 Not reached

No ovarian metastasis 156 4.4 (3.9–6.3) 0.82

Menopausal status

Premenopausal 39 4.1 (3.6–6.0)

Postmenopausal 123 5.9 (3.9–10.1) 0.34

Discovery of metastatic disease

Elevation of tumor markers 44 3.7 (3.3–4.2)

Asymptomatic scan or lab 26 5.2 (4.3–5.2)

Clinical suspicion 53 4.5 (3.8–6.3) 0.11

Previous contralateral tumor

Yes 12 3.2 (2.2–3.8)

No 150 5.2 (4.1–10.1) 0.03

Previous same-side relapse

Yes 12 3.8 (1.7–6.3)

No 150 5.2 (3.9–10.1) 0.18

Synchronous primary

Yes 4 3.2 (n/r)

No 158 4.5 (3.9–6.3) 0.85

Initially metastatic disease

No 109 4.2 (3.6–5.9)

Yes 53 10.1 (4.5–n/r) 0.09

Previous chemotherapy

No 72 6.3 (3.8–10.1)

Yes 90 4.3 (3.8–6.0) 0.43

Without paclitaxel 43 5.9 (3.9–6.0)

With paclitaxel 34 3.8 (3.5–5.2) 0.34

Previous hormonal therapy

AI 56 4.4 (3.3–6.3)

SERM 27 3.7 (3.5–5.9)

SERM/AI 15 3.3 (2.8–4.0) 0.36

Age of metastatic disease (median)

Younger than 64.7 years 81 5.2 (3.9–6.3)

Older than 64.7 years 81 4.5 (3.8–4.5) 0.70

Age of metastatic disease (category)

50 or younger 22 4.1 (2.2–10.1)

50–59 years 39 4.4 (3.7–6.3)

60–69 years 52 6.0 (3.9–6.0)
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Table 7. Cont.

Parameter Number of
Patients (%) OS, Years (95% CI) p-Value

Age of metastatic disease (category)

70–79 years 41 Not reached

80 or older 8 Not reached 0.81

Time from original cancer to metastatic cancer

Synchronous 53 10.1 (4.5–n/r)

Less than 5 years 36 3.6 (3.3–5.2)

5 to 10 years 31 6.3 (5.0–8.8)

More than 10 years 41 3.8 (2.8–4.4) 0.001

Initial cancer T stage

1 38 3.9 (2.8–6.0)

2 50 59 (3.9–5.9)

3 29 Not reached

4 34 10.1 (5.2–n/r) 0.19

Initial cancer N stage

0 36 3.9 (3.6–3.9)

1 70 5.2 (3.9–10.1)

2 34 4.2 (2.8–4.2)

3 11 5.9 (n/r) 0.69

Initial luminal differentiation

A 30 4.5 (3.6–4.5)

B 102 4.4 (3.8–5.2) 0.57

Initial cancer grade

1 14 Not reached

2 119 4.5 (3.9–10.1)

3 14 2.8 (2.2–2.8) 0.79
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, OS = overall survival, SERM = selective estrogen
receptors modulators, SERD = selective estrogen receptor degrader. Bold values denote statistical significance.

Evaluation of the metastatic site’s estrogen, progesterone, and Ki67 receptors also
holds prognostic information for OS (Table 8). The majority of patients had Ki67 less than
30% (43%) (with the majority of patients having higher values compared to initial cancer
(53%)), estrogen receptors below 90% (65%), and progesterone receptors 0 (49%).

While Ki67 expression was not significant for PFS, having a Ki67 higher than 50% in
a biopsied metastatic lesion was associated with a significantly shorter OS compared to
patients with a Ki67 of 30–50% (HR 2.2 (95% CI 0.5–9.7) and less than 30% (HR 4.9 (95% CI
1.2–20.5)) (p = 0.004). Metastatic lesion Ki67 had a significant negative correlation with OS
(r = −0.30, p = 0.02).

While there was no difference for the OS when evaluating progesterone receptors as a
whole group (p = 0.09), there was a difference inside the group. Expression of progesterone
receptors of more than 10 was associated with a significantly longer OS compared to
patients with a progesterone value of zero (HR 0.41, 95% CI 0.18–0.95, p = 0.049), while a
nonsignificant trend was observed compared to patients with a receptor expression of 0–10.
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Figure 1. Overall survival in years based on the presence of the liver metastasis.

Figure 2. Overall survival in years based on the time between the primary breast cancer diagnosis
and the diagnosis of the metastatic disease.

Table 8. Difference in OS depending on the expression of the receptors on the metastatic site biopsy.

Pathological Expression Number of Patients (%) OS, Years (95% CI) p-Value

Ki67 levels

Up to 30% 27 (43) 4.4 (3.9–6.0)

30 to 50% 25 (40) 3.3 (1.7–6.3)

50% or higher 11 (17) 1.4 (0.5–2.8) 0.0043
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Table 8. Cont.

Pathological Expression Number of Patients (%) OS, Years (95% CI) p-Value

Change in Ki67 from the initial cancer

The same 11 (19) Not reached

Negative change 16 (28) 3.9 (2.8–4.4)

Rise up to 20% 17 (29) Not reached

Rise over 20% 14 (24) 2.8 (1.5–6.0) 0.51

Oestrogen receptors

>90% 26 (35) 4.2 (2.8–6.3)

Below 90% 48 (65) 3.8 (1.5–6.0) 0.35

Progesterone receptors

Zero 34 (49) 3.9 (2.8–4.3)

Less than 10 13 (19) 3.7 (2.5–4.4)

More than 10 22 (32) 6.0 (4.0–6.0) 0.09
OS = overall survival. Bold values denote statistical significance.

There was no difference in OS based on the choice of CDK4/6 inhibitor (p = 0.44) or the
adjuvant hormonal therapy (p = 0.12), although a nonsignificant trend for better OS with
ribociclib was present in both regardless of whether it was in first- and second/later-line
therapies (p > 0.05) (Table 9).

Table 9. Difference in OS depending on the choice of CDK4/6 treatment and adjuvant hormonal
therapy.

Medication Number of Patients OS (95% CI), Years p-Value

CDK4/6

Abemaciclib 36 3.9 (3.6–3.9)

Palbociclib 57 4.3 (3.5–5.9)

Ribociclib 65 Not reached 0.44

Adjuvant hormonal therapy

AI 93 6.0 (4.0–6.0)

Fulvestrant 67 4.2 (3.3–6.3) 0.12
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, OS = overall survival. Bold values denote statistical
significance.

When evaluating factors associated with a poor prognosis for OS, we noticed that
treatment with abemaciclib was associated with a longer OS compared to the other two
agents (p = 0.03) for patients with liver metastasis. There was no difference in OS for other
evaluated factors, although a nonsignificant trend was observed toward worse survival for
the palbociclib arm in patients with metastatic cancer occurring more than 10 years after
primary breast cancer (p = 0.08) (Table 10).

When evaluating the factors shown to affect OS in univariate analysis in a multivariate
analysis, only the presence of liver metastasis (p= 0.0003) and time to metastasis under
5 years from primary breast cancer (p = 0.03) were associated with a worse OS.
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Table 10. Difference in OS depending on the choice of CDK4/6 treatment in first-line therapy, based
on factors associated with a worse OS.

Abemaciclib Palbociclib Ribociclib p

Liver metastasis 3.9 (2.8–n/r) 1.4 (0.5–1.7) 1.6 (0.7–1.6) 0.03

Previous contralateral
cancer n/r 3.8 (0.5-n/r) 2.2 (2.2–2.5) 0.41

Time to metastatic disease
<5 years from primary 3.9 (3.6–3.9) n/r 2.8 (1.1–3.7) 0.49

Time to metastatic disease
>10 years from primary n/r 1.7 (0.5–3.8) 3.8 (2.2–3.9) 0.08

Ki67 50% or higher 1.4 (0.7–n/r) n/r 0.5 (0.3–2.8) 0.65

Progesterone <10% 3.9 (1.4–3.9) 1.5 (0.5–1.5) 3.7 (1.5–3.8) 0.73
Bold values denote statistical significance.

3.2. Adverse Events

Most patients continued without dose reductions or discontinuations (91.5%, N = 130)
at both 1- and 3-month periods, while 85.4% remained on the same dose and schedule at
6 months (N = 105). A dose reduction or change in CDK4/6 did not result in a shorter PFS
(p = 0.24).

Details on adverse effects at three time points are given in Table 11, with leukopenia
and neutropenia being the most common adverse effects. All recorded adverse events were
most commonly Grade 1 or Grade 2.

Table 11. Presence of adverse effects on CDK4/6 treatment at different time points after CDK4/6
initiation.

Presence of
Adverse

Effect

Time Point

1 Month 3 Months 6 Months

No. of Pts. Perc. of Pts. No. of Pts. Perc. of Pts. No. of Pts. Perc. of Pts.

Leukopenia

No 80 53% 83 60% 57 50%

Yes 70 47% 55 40% 56 50%

Grade 1 53 35% 40 29% 41 36%

Grade 2 14 9% 15 11% 15 13%

Grade 3 3 2% 0 0% 0 0%

Neutropenia

No 56 37% 69 50% 45 40%

Yes 94 63% 69 50% 68 60%

Grade 1 38 25% 29 21% 24 21%

Grade 2 40 27% 29 21% 33 29%

Grade 3 15 10% 11 8% 11 10%

Thrombocytopenia

No 140 93% 133 96% 105 93%

Yes 10 7% 5 4% 8 7%

Grade 1 7 5% 2 1% 6 5%

Grade 2 1 1% 3 2% 2 2%

Grade 3 2 1% 0 0% 0 0%
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Table 11. Cont.

Presence of
Adverse

Effect

Time Point

1 Month 3 Months 6 Months

No. of Pts. Perc. of Pts. No. of Pts. Perc. of Pts. No. of Pts. Perc. of Pts.

Anemia

No 131 87% 113 82% 102 90%

Yes 19 13% 25 18% 11 10%

Grade 1 17 11% 21 15% 10 9%

Grade 2 2 1% 4 3% 0 0%

Grade 3 0 0% 0 0% 1 1%

Diarrhea

No 135 90% 128 93% 105 93%

Yes 15 10% 10 7% 8 7%

Grade 1 9 6% 8 6% 4 4%

Grade 2 5 3% 2 1% 3 3%

Grade 3 1 1% 0 0% 1 1%

Nephrotoxicity

No 139 93% 132 96% 107 95%

Yes 11 7% 6 4% 6 5%

Grade 1 6 4% 2 1% 5 4%

Grade 2 4 3% 2 1% 1 1%

Grade 3 1 1% 2 1% 0 0%

Hepatotoxicity

No 142 95% 128 93% 105 93%

Yes 8 5% 10 7% 8 7%

Grade 1 4 3% 5 4% 7 6%

Grade 2 2 1% 2 1% 1 1%

Grade 3 2 1% 3 2% 0 0%
CDK = cyclin-dependent kinase.

The adverse events were partially based on the choice of CDK4/6. Leukopenia and
neutropenia were less common in abemaciclib than the other two agents (p < 0.05). On the
other hand, diarrhea was typical for the abemaciclib group (p < 0.05), while nephrotoxicity
was similar in abemaciclib and ribociclib but less common in palbociclib (p = 0.02) (Table 12).
Line of treatment seemed to be important for the occurrence of adverse events as patients
treated in first line with CDK4/6 had less leukopenia (p = 0.03), but not any of the other
adverse events (all p > 0.05) compared to patients treated in second line or beyond.

Table 12. Relationship between the choice of CDK4/6 inhibitors and adverse effects at 1 month.

Patients Patients on
Abemaciclib

Patients on
Palbociclib

Patients on
Ribociclib p-Value

Leukopenia

Number of patients 9 32 29

Percentage of patients 33.3 58.2 52.3 0.0055

Neutropenia

Number of patients 14 39 40

Percentage of patients 38.9 70.9 72.7 0.002
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Table 12. Cont.

Patients Patients on
Abemaciclib

Patients on
Palbociclib

Patients on
Ribociclib p-Value

Thrombocytopenia

Number of patients 1 3 6

Percentage of patients 2.8 5.4 10.9 0.28

Anemia

Number of patients 8 3 8

Percentage of patients 22.2 5.4 14.5 0.06

Diarrhea

Number of patients 12 1 0

Percentage of patients 33.3 1.8 0 <0.0001

Nephrotoxicity

Number of patients 5 0 6

Percentage of patients 13.9 0 10.9 0.02

Hepatotoxicity

Number of patients 4 2 2

Percentage of patients 11.1 3.6 3.6 0.23
CDK = cyclin-dependent kinase. Bold values denote statistical significance.

The presence of adverse effects did not influence survival, either PFS or OS, although
there was a trend in thrombocytopaenia at 1 month of treatment associated with a worse
OS (p = 0.0502) (Table 13).

Table 13. Difference in survival depending on adverse effects 1 month following CDK4/6 treatment.

Presence of Adverse
Effect PFS (95% CI), Years p OS (95% CI), Years p

Leukopenia

No 2.3 (1.8–3.4) 4.3 (3.6–6.3)

Yes 1.8 (1.3–3.3) 0.32 5.9 (3.7–10.1) 0.43

Neutropenia

No 2.4 (1.75–3.6) 4.4 (4.1–6.3)

Yes 1.8 (1.4–3.0) 0.63 4.2 (3.7–10.1) 0.79

Thrombocytopenia

No 2.1 (1.75–3.0) 4.5 (3.8–6.3)

Yes 1.45 (0.9–1.8) 0.19 3.9 (1.5–4.2) 0.05

Anemia

No 2.0 (1.6–3.3) 4.3 (3.8–6.0)

Yes 2.2 (1.3–2.7) 0.82 10.1 (2.8–n/r) 0.92

Diarrhea

No 2.0 (1.65–2.9) 4.3 (3.8–6.0)

Yes 2.3 (1.6–3.6) 0.91 10.1 (3.9–n/r) 0.28
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Table 13. Cont.

Presence of Adverse
Effect PFS (95% CI), Years p OS (95% CI), Years p

Nephrotoxicity

No 2.0 (1.65–2-7) 4.3 (3.8–6.0)

Yes 3.4 (0.9–3.4) 0.71 Not reached 0.86

Hepatotoxicity

No 2.0 (1.7–2.9) 4.4 (3.8–6.0)

Yes 2.7 (0.1–3.4) 0.29 3.6 (0.3–3.6) 0.39
OS = overall survival, PFS = progression-free survival. Bold values denote statistical significance.

Rarer adverse effects include nausea and vomiting (5 patients at 1 month, 4 patients at
3 months, and 1 patient at 6 months), and pneumonitis (2 patients at 1 month, no patients
at 3 months, and 1 patient at 6 months).

4. Treatment After CDK4/6

Out of the initial 160 patients with documented survival data, 81 patients are still
undergoing CDK4/6 therapy (50.6%). Of 79 patients who progressed on CDK4/6 inhibitors,
63.3% (N = 50) were documented to have received a subsequent line of therapy, with
48 patients with reported survival data. The rest, 29 patients without a documented further
line of treatment in our institution, exhibited a median OS of 0.1 years (95% CI 0.08–0.3)
from the end of CDK4/6 therapy to death or loss of contact, with 2 patients with survival
longer than 1 year (Table 14).

Table 14. Type of treatment following CDK4/6 progression.

First Line Second Line

Type of Medication No. % No. %

Targeted treatment 23 45% 2 7%

Alpelisib 11 22% 2 7%

Everolimus 12 24% 0 0%

Hormonal treatment 16 31% 9 33%

AI 7 14% 6 22%

SERD 5 10% 2 7%

SERM 4 8% 1 4%

Chemotherapy 12 24% 16 59%

CMF 2 4% 1 4%

Gemcitabine 1 2% 0 0%

Capecitabine 5 10% 7 26%

Paclitaxel 4 8% 6 22%

Vinorelbine 0 0% 1 4%

Carboplatin 0 0% 1 4%
AI = aromatase inhibitor, CDK = cyclin-dependent kinase, CMF = cyclophosphamide, methotrexate, 5-fluorouracil,
SERM = selective estrogen receptors modulators, SERD = selective estrogen receptor degrader.

Patients who were treated with targeted treatment (everolimus or alpelisib) exhibited a
longer PFS compared to patients treated with hormonal therapy (HR 0.33 (95% CI 0.15–0.74)
or chemotherapy (HR 0.45 (95% CI 0.44–0.19–1.00)) (p = 0.012). There was a trend toward
a longer PFS (HR 0.57, 95% CI 0.15–2.1) and OS (HR 0.68 (95% CI 0.13–3.41) favoring
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alpelisib; however, both values did not reach statistical significance (p = 0.41 and p = 0.65,
respectively) (Table 15).

Table 15. Survival following progression on CDK4/6 inhibitors based on the type of medication used.

First Line After CDK4/6 Progression

Type of
Medication

PFS (95% CI),
Years p-Value OS (95% CI),

Years p-Value

Targeted
treatment 1.0 (0.5–1.3) Not reached

Hormonal
treatment 0.4 (0.2–0.5) 1.4 (0.5–2.7)

Chemotherapy 0.3 (0.2–0.7) 0.012 1.1 (0.9–1.9) 0.61

Second line after CDK4/6 progression

Targeted
treatment 0.6 (06–2.2) 0.85 (0.85–0.85)

Hormonal
treatment 0.2 (0.2–0.3) 0.6 (0.3–1.1)

Chemotherapy 0.3 (0.3–0.5) 0.13 0.8 (0.5–1.2) 0.61
OS = overall survival, PFS = progression-free survival. Bold values denote statistical significance.

However, it was noted that patients who were treated with targeted treatment or
chemotherapy in the later lines previously achieved a significantly longer PFS on CDK4/6
compared to patients later treated only with hormonal therapy (p = 0.005), suggesting
that patients receiving hormonal therapy after CDK4/6 inhibitors had a worse response to
previous treatment and could have been in a worse overall condition.

Patients who started further treatment following CDK4/6 inhibitors exhibited an OS
of 1.4 years (95% CI 1.1–1.9) from the start of the next-line treatment to death or loss of
contact. There was no difference in OS between the treatment choices, with a nonsignificant
trend in more prolonged survival for targeted treatment (p = 0.62).

A total of 27 patients also started a second-line treatment following CDK4/6 progres-
sion, most commonly chemotherapy (59.2%, N = 16); 26 patients reported survival data.
The median PFS on second-line treatment after CDK4/6 was 0.3 years (95% CI 0.2–0.5).
There was no difference in survival based on the choice of agents.

The median OS for the patients after starting the second-line treatment following
CDK4/6 progression was 0.8 years (95% CI 0.5–1.2), with no difference based on the choice
of treatment (p = 0.61).

5. Discussion

There are limited real-world data regarding CDK 4/6 inhibitors use in western Balkan.
To the best of our knowledge, previous real-world data studies included mostly palbociclib,
and thus far, we have found limited real-world data, especially in this European region
that compare the three CDK 4/6 inhibitors to each other. Our study showed that CDK4/6
inhibitors are effective and safe for patients with HR+/HER2− a/mBC, which is consistent
with results seen in clinical trials.

Regarding the menopausal status, our group of patients has a high postmenopausal
status of 79.4%, which is similar to what was reported in other real-world data studies [17–20].
In the MONALEESA and in the MONARCH study, the ECOG status was ≤1 while in
PALOMA it was ≤2 [12–16]. Most of our patients had ECOG status between 0 and 1, while
only four patients had ECOG status 2–3. In our study, 32.5% of patients were diagnosed
with initially de novo metastatic disease, and others were previously treated as early breast
cancer. The total percentage of patients (including adjuvant and neoadjuvant regimens) that
were treated with prior chemotherapy in our cohort was 58.3%, while in MONARCH it was
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39% and in PALOMA 48% [11–16]. Therefore, our patient population differs compared to
registrational studies for CDK4/6 inhibitors [11–16], with patients at higher risk for disease
progression. Twenty percent of patients developed metastatic disease during adjuvant
hormonal treatment, and patients who developed metastatic disease developed it after
a median of 4.3 years after primary breast cancer. Nearly half (48%) had pathological
confirmation of metastatic disease with immunohistochemistry classification of tumor
subtype. For patients with a biopsied metastatic lesion, we noted there was no change in
PFS regardless of the Ki67 value, or the change from initial cancer. However, patients with
estrogen receptors <90% in metastatic lesions exhibited worse PFS (HR 1.9, 95% CI 1.0–3.7,
p = 0.02). Similarly, having progesterone receptors in a metastatic lesion higher than 10%
was associated with a better PFS both compared to patients with a zero value (HR 0.32, 95%
CI 0.13–0.8) or up to 10% (HR 0.37, 95% CI 0.2–0.7), p = 0.02. Considering the biological
changes in breast cancer, and having a smaller number of patients who had metastatic
lesions biopsied, we questioned whether the given treatment was the best option for those
who were not biopsied.

Nevertheless, the PFS in our study was similar to RCT results, namely, the median
PFS in our analysis for first-line CDK 4/6 inhibitors therapy was 26 months, which was
similar to the published RCTs [9–16]. In our study, treatment with CDK4/6 inhibitors in
the first line was associated with a longer PFS compared to the second line or beyond (HR
0.50, 95% CI 0.3–0.9), which is in alignment with data from the PRAEGNANT study, where
it was shown that median PFS is significantly lower for those patients who received CDK
4/6 inhibitors in the second (8.7 months) or third line (4.7 months) in comparison to the
first-line treatment (24.7 months) [21].

We wanted to determine which one of the CDK4/6 inhibitors is predominantly used
in our region, considering that three of them have Croatia Health Insurance Fund (CHIF)
approval. Although palbociclib was the first CDK 4/6 inhibitor that was introduced, in our
study ribociclib was the most prescribed CDK 4/6 inhibitor. In other real-world data studies,
palbociclib was the most prescribed medication [17–20]. In Croatia, palbociclib was introduced
in 08/2018, ribociclib in 08/2018, and abemaciclib in 11/2019. In our study, ribociclib was the
most prescribed CDK 4/6 inhibitor, and abemaciclib was the least prescribed because it was
the last approved by the CHIF. Regarding the choice of CDK4/6, ribociclib exhibited longer
PFS compared to palbociclib (HR 0.49, 95% CI 0.29–0.82) (p = 0.0032), although the effect
was not statistically significant when separating patients who were treated with CDK4/6
inhibitors in the first line; the trend was present in both lines, however.

In our CDK 4/6 inhibitor-treated patients, most were given letrozole (36.2%), followed
by exemestane (12.3%), and anastrozole (8.6%) as complementary hormonal drugs in the
first line of treatment. In the second line of treatment, Fulvestrant was prescribed to 41.7%
of patients. The use of AI compared to SERD was associated with a longer PFS (HR 0.59,
95% CI 0.38–0.94), which was due to the longer survival in the first-line setting (HR 0.47,
95% CI 0.25–0.85), although the opposite was true in second line and beyond (HR 2.99, 95%
CI 0.95–9.3) (all p < 0.05).

Lastly, regarding the metastatic spread, in our study, there were a high proportion
of patients with bone-only disease in 32.5% of cases, while in RTCs this was presented in
21–23% of patients [9–16]. Visceral metastasis was presented in 55.2% of our patients, which
is similar to those data in the MONARCH-2 (53%) and PALOMA-2 (48%) studies [9,15].
However, in our study, only three factors had a statistically significant impact on PFS in
multivariate analysis. The presence of liver metastasis (p = 0.04), initial luminal A grade
(p = 0.039), and time to metastasis up to 5 years from the initial cancer (p = 0.002) were the
only factors that remain statistically significant for PFS.

According to the meta-analysis published by Piezzo M et al. [22], OS data were avail-
able for the MONALEESA-2, MONALEESA-3, MONALEESA-7, MONARCH-2, PALOMA-
1, and PALOMA-3 trials [11,13,15,23–26]. In this analysis, 2030 patients were receiving CDK
4/6 inhibitors while 1391 were receiving only endocrine therapy. The pooled HR of 0.763
(95% CI 0.683; 0.852) showed a significant reduction in the risk of dying for those cases that
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were treated with the CDK4/6 inhibitor (p-value < 0.0001) [22]. When the authors analyzed
each CDK4/6 inhibitor, they found that a statistically significant reduction in the HR of
dying was presented only for abemaciclib and ribociclib. On the other hand, they did not
find a statistically significant reduction in the HR of dying for palbociclib [22].

OS in our study since the diagnosis of metastatic disease was 4.5 years (95% CI 3.9–6.3),
median OS since the start of CDK4/6 treatment was 3.7 years (95% CI 3.4–4.4), while
median OS from initial cancer diagnosis was 15.8 years (95% CI 13.8–18.3). There was
no difference in OS based on the choice of CDK4/6 inhibitor (p = 0.44) or the adjuvant
hormonal therapy (p = 0.12), although a nonsignificant trend for better OS with ribociclib
was present regardless of whether it was in the first- and second/later-line therapies
(p > 0.05). According to the MONALEESA-7 study, the estimated OS at 42 months was
70.2% in the ribociclib group and 46.0% in the placebo group [24,25]. In our study, when
evaluating factors associated with a poor prognosis for OS, we noticed that treatment with
abemaciclib was associated with a longer OS compared to the other two agents (p = 0.03)
for patients with liver metastasis. There was no difference in OS for other evaluated factors,
although a nonsignificant trend was observed toward worse survival for the palbociclib
arm in patients with metastatic cancer occurring more than 10 years after primary breast
cancer (p = 0.08) When evaluating the factors shown to affect OS in univariate analysis
in a multivariate analysis, only the presence of liver metastasis (p= 0.0003) and time to
metastasis under 5 years from primary breast cancer (p = 0.03) were associated with a
worse OS.

In our data, most patients continued without dose reductions or discontinuations
(91.5%) at both 1- and 3-month periods, while 85.4% remained on the same dose and
schedule at 6 months. Thus, in our study, many fewer patients needed dose reduction and
our results are more similar to other real-world data such as those of Ge I, et al. [17,26,27],
where 23.3% of cases needed dose reduction, than in RCTs such as PALOMA where dose
reduction was presented in 36% of patients. Adverse events were partially based on the
choice of CDK4/6. Leukopenia and neutropenia were less common in abemaciclib than the
other two agents (p < 0.05). On the other hand, diarrhea was typical for the abemaciclib
group (p < 0.05), while nephrotoxicity was similar in abemaciclib and ribociclib but less
common in palbociclib (p = 0.02). Thus, palbociclib could be a reasonable treatment option
for those patients with a risk of kidney disease. Line of treatment seemed to be important
for the occurrence of adverse events as patients treated in first line with CDK4/6 had
less leukopenia (p = 0.03), but not any of the other adverse events (all p > 0.05) compared
to patients treated in second line or beyond. In our study, dose reduction or change in
CDK4/6 did not result in a shorter PFS (p = 0.24).

In our study, of patients who experienced disease progression on CDK4/6 inhibitors,
63.3% received a subsequent line of therapy. Although statistical significance was not
reached, a longer PFS was achieved in those treated with alpelisib or everolimus compared
to those treated with hormonal therapy (HR 0.33 (95% CI 0.15–0.74)) or chemotherapy (HR
0.45 (95% CI 0.44–0.19–1.00)) (p = 0.012). There was no effect on OS depending on the choice
of therapy. Also, we noticed the worst response to subsequent therapy with treatment by
only hormonal therapy, especially in a group of patients who had the longest response to
CDK4/6 inhibitors.

Finally, patients included in our study might not be representative of the broader
population. Patients are not randomized to treatment groups, so it is difficult to establish
causality. There is also more heterogeneity in prior treatment, patient comorbidities, and
treatment partners of CDK 4/6 inhibitors, which complicates the interpretation of the
results. Follow-up is shorter than desired, which affects observation of long-term outcomes.
However, our data show no major differences compared to RCTs except for shorter OS.
This could be explained by having more patients receiving neoadjuvant and adjuvant
chemotherapy for early-stage breast cancer, indicating initially more aggressive disease,
having patients with poorer performance status, and shorter follow-up time. In our study,
while multiple factors are associated with a difference in PFS and OS, liver metastasis and
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the time from initial cancer to metastatic disease under 5 years were shown to be the most
consistent and negative prognostic factors. Our study provides the RWE data with the use
of CDK4/6 inhibitors in the treatment of metastatic HR+/HER2− breast cancer. To our
best knowledge, there are limited real-world data regarding CDK 4/6 inhibitors use in
western Balkan, thus our study provides valuable data from everyday clinical practice for
this region of Europe, bridging the gap between RCTs and clinical reality in western Balkan.
In the future, it would be of great importance for collaboration among several oncology
clinics from this region of Europe to collect multicenter data on a larger group of patients.
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