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ABSTRACT

Introduction. In hormone receptor-positive metastatic breast cancer without human epidermal growth factor
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cyclin-dependent kinase 4/6 (CDK 4/6) inhibitors in the first-line treatment. We mainly aimed to investigate whether
the toxicities of CDK 4/6 inhibitors predict treatment response.

Material and methods. This study was designed retrospectively. A total of 191 patients diagnosed with metastatic
HR-+/HER2- breast cancer were treated with CDK 4/6 inhibitors in four centers in Turkiye included in our study.
Results. One hundred and six patients received ribociclib, and 85 patients received palbociclib. The most common
adverse event in both groups was neutropenia. In this study, we found that toxicities did not predict response rates.
Additionally, the response rates (RR) in patients with albumin levels above 4.1 g/dl were better than that in patients
with albumin levels of 4.1 g/dl and below in multivariate analysis when all patients were considered (OR = 4.76;
95% Cl 1.30-17.46; p = 0.018).

Conclusions. Toxicities of CDK4/6-inhibitors did not predict RRs. However, pretreatment albumin level may
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predict response to ribociclib.
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Introduction benefit has been obtained with cyclin-dependent kinase

4/6 (CDK 4/6) inhibitor and endocrine therapy (ET)

Breast cancer is the most common malignancy
and the leading cause of death in women worldwide [1].
Approximately 75% of stage IV breast cancer patients
have estrogen and/or progesterone receptor expres-
sion [hormone receptor (HR)-positive] without human
epidermal growth factor receptor 2 (HER2) overexpres-
sion (HR*/HER2"). In HR*/HER2 ™ metastatic breast
cancer, a significant progression-free survival (PFS)

combinations in the first-line treatment [2, 3].

The most common side effects of CDK 4/6 inhibitors
(ribociclib, palbociclib, and abemaciclib) are cytopenias
due to bone marrow suppression and gastrointestinal
toxicities, such as nausea, vomiting, diarrhea, mucosi-
tis, elevated liver enzymes, and QT prolongation of
unknown mechanism [4, 5]. It has been observed that
hypertension due to sunitinib, a multikinase inhibitor,
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may be a predictive factor in treating metastatic renal
cell carcinoma [6]. We aimed to investigate whether
the toxicities of CDK 4/6 inhibitors predict treat-
ment response.

Material and methods

This study was designed retrospectively. A total of
191 patients diagnosed with metastatic HR */HER2" breast
cancer were treated with CDK 4/6 inhibitors plus endo-
crine between January 1, 2019, and December 31, 2021, in
four centers included in our study. All participating cent-
ers were from Tiirkiye and included Sakarya University
Training and Research Hospital, Trakya University
Medical Faculty Hospital, Marmara University Pendik
Training and Research Hospital, and Erciyes University
Medical Faculty Hospital.

Inclusion criteria:

1) above 18 years of age;

2) ER and/or PR-positive, HER2-negative;

3) HER2-negative;

4) metastatic breast cancer patients who were treated
with CDK 4/6 inhibitors in any line.

Exclusion criteria:

1) patients switched between CDK 4/6 inhibitors due
to allergy, tolerability, or drug availability;

2) male patients with breast cancers;

3) treatment response assessment not done yet.

In this retrospective study, patient data were col-
lected from the Medical Oncology Outpatient Clinic
records, patient files, and computer records.

Clinical assessment

Whole blood biochemical parameters were col-
lected at baseline and on days 10 and 28 of treatment
as well as the patients’ demographic, clinicopathologic,
and outcome data, baseline and treatment response
evaluation, carcinoembryonic antigens (CEA) and car-
bohydrate antigens 15-3 (CA15-3), and toxicity profiles
from medical records.

Patients received either oral ribociclib or palbociclib.
Both groups received an ET intramuscular fulvestrant,
an aromatase inhibitor, or tamoxifen. Tumor response
was assessed locally as per Response Evaluation Criteria
in Solid Tumours (RECIST) 1.1 at screening, every
12 weeks after initiation of therapy with palbociclib/ri-
bociclib. Response rate (RR) was defined as complete
response, partial response, or stable disease of 24-week
duration or longer. Adverse events were monitored
and graded according to the Common Terminology
Criteria for Adverse Events (version 5.0) [7]. Patients
were assigned to groups according to the type of CDK
4/6 inhibitors received at any line. Progression-free
survival (PFS) was defined as the time from the date of

initiation of ribociclib or palbociclib until the date of ra-
diological progression. Patients were regularly followed
up at 12-week intervals using thorax and abdomen com-
puted tomography or fluorodeoxyglucose-18 positron
emission tomography examinations. Overall survival
(OS) was defined as the time from the date of initiation
of ribociclib or palbociclib to the date of death from
any cause.

Statistical analyses

The IBM Statistical Package for Social Science
Statistics for Windows, version 22.0, was used to con-
duct statistical analyses (IBM Corp., Armonk, MY).
The Kolmogorov-Smirnov test was used to determine
whether the variables were regularly distributed. The
mean and standard deviation (for normally distributed
variables) or the median and interquartile range (IQR)
were used to express the continuous variables (for not
normally distributed variables). The proportions in
the two groups were compared using the Chi? test or
Fisher’s exact test. Multivariate logistic regression was
performed to determine the factors affecting RR. The
Mann-Whitney U test was used to compare the variables
that were not normally distributed.

On the other hand, Student’s ¢-test was used to com-
pare the variables with normal distribution. Categorical
features and relationships between groups were assessed
using an appropriate Chi-square test. The Kaplan-
-Meier test for survival analysis was used. The effects
of some variables on OS and PFS were analyzed using
the log-rank test. A two-tailed p-value < 0.05 was con-
sidered statistically significant.

Results

A total of 191 patients were included in this study.
One hundred and six patients received ribociclib,
and 85 patients received palbociclib. The median age
at the start of treatment with CDK 4/6 inhibitors was
57 years (24-85). The histopathological and clinical char-
acteristics of patients are summarized in Table 1. Toxicity
profiles were similar between the two groups. The most
common adverse event in both groups was neutropenia
(grade 3 /4 neutropenia on day 10 was 17.3% for palboci-
clib and 15.5% for ribociclib). In addition, no statistically
significant difference was observed between the two
groups regarding dose reduction and treatment delay due
to toxicity (p = 0.073 and p = 0.280, respectively; Tab. 2).

The RR was 77.4% for ribociclib and 83.5% for
palbociclib (p = 0.288). Objective RR was 60.4% for ri-
bociclib, and 58.8% (p = 0.317) for palbociclib (Tab. 3).
PFS was the same in both groups, i.e., 14 months
(p = 0.523). OS was not reached in the palbociclib arm,
whereas it was 26 months for ribociclib (p = 0.720).
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Table 1. Patient and disease characteristics between treatment groups

All patients Ribociclib Palbociclib p value
n =191 n = 106 n =285
Age [years] 56.4 = 12.1 544 = 11.7 58.9 = 12.1 0.011
Tumor localization [%)]
Right 90 (47.1) 50 (47.2) 40 (47.1)
Left 98 (51.3) 53 (50) 45 (52.9) 0.289
Right + left 3(1.6) 3(2.8) 0
Menopause status [%]
Premenopause 68 (35.6) 47 (44.3) 21 (24.7) 0.006
Postmenopause 123 (64.4) 59 (55.7) 64 (75.3)
Histology
IDC 151 (79) 84 (79.2) 67 (78.8)
ILC 21 (11) 11(10.4) 10(11.8)
IDC + ILC 4(2.1) 3(2.8) 1(1.2) 0-930
NOS 15(7.9) 8(7.6) 7 (8.2)
Grade
Grade 1 21(11) 17 (16) 4(4.7)
Grade 2 91 (47.6) 41 (38.7) 50 (58.8) 0.012
Grade 3 41 (21.5) 22 (20.8) 19 (22.4)
Unknown 38(19.9) 26 (24.5) 12 (14.1)
Ki-67 [%]
1-10 44 (23) 22 (20.8) 22 (25.9)
11-50 100 (53.4) 54 (50.9) 46 (54.1)
>50 3(1.6) 3(2.8) 0 0302
Unknown 44 (23) 27 (25.5) 17 (20)
Stage at diagnosis
Stage 1 3(1.6) 1(0.9) 2(2.4)
Stage 2 44 (23) 26 (24.5) 18 (21.2) 0.403
Stage 3 55 (28.8) 26 (24.5) 29 (34.1)
Stage 4 89 (46.6) 53 (50) 36 (42.4)
Operation of primer tumor
Yes 120 (62.8) 65 (61.3) 55 (64.7) 0.654
No 71 (37.2) 41 (38.7) 30 (35.3)
Endocrine therapy
Letrozole 87 (45.5) 50 (47.2) 37 (43.5)
Fulvestrant 95 (49.7) 52 (49.1) 43 (50.6) 0.739
Others (anastrazole, exemestane, 9(4.7) 4 (3.8) 5(5.9)
and tamoxifen)
Treatment line
First 92 (48.2) 44 (41.5) 48 (56.5)
Second 58 (30.4) 39 (36.8) 19 (22.4) 0.066
Third or higher 41 (21.6) 23 (21.7) 18 (21.1)
Median (IQR") NLR
NLRO 2.53 (1.77-3.30) 2.53(1.73-3.52) 2.51(1.81-3.25) 0.564
NLR10 1.54 (1.05-2.33) 1.71 (1.22-2.37) 1.4 (0.9-2.2) 0.070
NLR28 1.21 (0.73-1.90) 1.25(0.75-2.12) 1.1 (0.7-1.9) 0.559
Median (IQR") PLR
PLRO 154.59 (116.20-220.00) 153.5 (120.8-238.6) 155.6 (113.3-205.7) 0.707
PLR10 168.57 (125.50-236.10) 184.0 (128.0-238.8) 162.5 (120.6-216.2) 0.171
PLR28 170.84 (121.20-250.44) 174.2 (124.8-254.8) 169.3 (118.1-243.1) 0.176
—
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Table 1 cont. Patient and disease characteristics between treatment groups

All patients Ribociclib Palbociclib p value
n =191 n = 106 n =85
Median (IQR") CRP (mg/L) 5.60 (2.60-16.07) 6.3 (2.5-17.4) 5.3 (2.9-16.0) 0.838
Median (IQR") Albumin (g/dl) 4.10 (3.89-4.32) 4.2 (3.9-4.3) 4.1 (3.7-4.5) 0.922
Median (IQR") CEA (U/ml) 5.30 (2.30-21.60) 4.9 (1.7-22.0) 7.6 (2.5-19.9) 0.401
Median (IQR") CA15-3 (U/ml) 51.20 (23.85-128.0) 47.9 (19.6-147.0) 53.6 (29.9-124.0) 0.297

Descriptive results for continuous variables are expressed as mean and standard deviation or as median and interquartile range, depending on the normal-
ity of their distribution. Statistically significant p values are written in bold; CA 15-3 — carbohydrate antigen 15-3; CEA — carcinoembryonic antigen; CRP
— C-reactive protein; IDC — invasive ductal carcinoma; ILC — invasive lobular carcinoma; IQR — interquartile range; NLR — neutrophile lymphocyte ratio;
NOS — not otherwise specified; PLR — platelet lymphocyte ratio

Table 2. Toxicity profile of the treatment groups

Ribociclib (n =106) Palbociclib (n = 85)
Grade 1-2 Grade 34 Grade 1-2 Grade 34 p value
Day 10
Anemia, n (%) 62 (63.3) 1(1.0) 53 (65.4) 0 0.645
Neutropenia, n (%) 38 (39.2) 15 (15.5) 37 (45.7) 14 (17.3) 0.530
Thrombocytopenia, n (%) 20 (20.6) 1(1.0) 23 (28.4) 0 0.332
Transaminitis, n (%) 18 (18.8) 4(4.2) 14 (17.3) 2 (2.5) 0.786
Day 28
Anemia, n (%) 68 (67.3) 2 (2.0) 59 (72.8) 0 0.369
Neutropenia, n (%) 58 (58.0) 17 (17.0) 39 (48.8) 20 (25.0) 0.347
Thrombocytopenia, n (%) 18 (18) 1(1) 20 (24.7) 2 (2.5) 0.382
Transaminitis, n (%) 19 (19.6) 4(4.1) 14(17.7) 1(1.3) 0.483
QT prolongation, n (%)
Yes 4(3.8) 3(3.5)
0.929
No 102 (96.2) 82 (96.5)
Mucositis, n (%)
Yes 6 (5.7 4 (4.7
.7) @7 0.769
No 100 (94.3) 81 (95.3)
Diarrhea, n (%)
Yes 8 (7.5 13 (15.3
(7.3) ( ) 0.089
No 98 (92.5) 72 (84.7)
Dose reduction, n (%)
Yes 26 (24.5) 31 (36.5)
0.073
No 80 (75.5) 54 (63.5)
Dose delaying, n (%)
Yes 38 (35.8) 37 (43.5)
0.280
No 68 (64.2) 48 (56.5)

Univariate data analysis of the effects of toxicity profiles  and 28, QT prolongation, mucositis, and diarrhea were as-
on PFS and OS was performed for ribociclib and palboci-  sociated with shorter PFS in the palbociclib arm (p < 0.001,
clib treatments. Transaminitis 10" and 28, QT prolonga-  p = 0.011, p = 0.001, and p = 0.023, respectively). None
tion, mucositis, and diarrhea were associated with shorter  of the parameters were associated with OS in ribociclib
OS in the palbociclib arm (p < 0.001, p < 0.001,p <0.001,  treatment. Only transaminitis on day 10 was associated
and p = 0.047, respectively). Similarly, transaminitis 10" with shorter PFS (p = 0.014).
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Table 3. Cyclin-dependent kinase 4/6 (CDK 4/6) inhibitors response rates (RR) and survival results

Ribociclib (n = 106)  Palbociclib (n = 8 5) p value

Response rates, n [%]

Complete 10 (9.4) 11(12.9) 0.383

Partial 54 (50.9) 39 (45.9)

Stable 18 (17.0) 21 (24.7)

Progression 24 (22.6) 14 (16.5)
RR 82 (77.4) 71 (83.5) 0.288
ORR 64 (60.4) 50 (58.8) 0.317
Follow-up (months) 9 (6-13) 10 (6-13) 0.900
PFS, months + SE (95% Cl) 14 + 2 (10.0-18.0) 14 +1(12.0-16.0) 0.523
0S, months + SE (95% Cl) 26 + 4 (21.7-39.0) NR 0.720

Cl — confidence interval; NR — not reached; ORR — objective response rate; OS — overall survival; PFS — progression-free survival; SE — standard error

Table 4. Multivariate analysis affecting response rate (RR) in all patient populations

Multivariate analysis of RR

OR 95% ClI (lower-upper) p value

Age (<35 yrvs. > 35 yr) 9.15 0.45-184.69 0.149
Grade

1 0.543

2 0.43 0.08-2.31 0.327

3 0.36 0.05-2.28 0.279
Treatment line

First 0.143

Second 0.70 0.19-2.60 0.604

Third or higher 0.25 0.06-1.00 0.051
Metastatic region (only bone vs. others) 0.00 0.00-NR 0.997
Transaminitis, any grade, day 10 (no vs. yes) 1.69 0.37-7.75 0.494
Neutropenia, any grade, day 28 (no vs. yes) 2.05 0.55-7.56 0.280
Transaminitis, any grade, day 28 (no vs. yes) 0.29 0.07-1.23 0.094
QT prolongation (no vs. yes) 0.17 0.01-2.62 0.205
Diarrhea (no vs. yes) 2.10 0.40-11.01 0.380
Mucositis (no vs. yes) 0.47 0.01-12.06 0.651
Albumin (< 4.1 g/dLvs. > 4.1 g/dL) 4.76 1.30-17.46 0.018
PLRO (< 154 vs. > 154) 0.66 0.21-2.07 0.480

Values in bold indicate statistically significant results. Statistically significant p values are written in bold; CI — confidence interval; NR — not reached;

OR — odds ratio; PLRO — platelet lymphocyte ratio 0

In the multivariate analysis, in which all the fac-
tors affecting the RR in all patients were evaluated,
it was found that the RR decreased as the number of
treatment lines increased [odds ratio (OR) = 0.25; 95%
confidence interval 95% (CI) 0.06-1.00; p = 0.051].
In the analysis performed separately for ribociclib
and palbociclib, significance was obtained in riboci-
clib (OR = 0.00-0.37; 95% CI 0.00-0.37; p = 0.008),
whereas the RR for palbociclib did not differ according
to the treatment line (OR = 0.00; 95% CI 0.00-NR;

p = 1.00). In the multivariate analysis, the RR in patients
with albumin levels > 4.1 g/dL was better than in patients
with albumin levels < 4.1 g/dL (OR = 4.76; 95% CI
1.30-17.46; p = 0.018). When the multivariate analysis
was performed separately in ribociclib and palbociclib
areas, it was seen that this difference was due to ribociclib
(OR = 49.89; 95% CI 2.49-999.16; p = 0.011; Tab. 4).

Albumin level significantly affected PFS (p < 0.001,
log-rank test), it was included in the multivariate analysis
with other possible influencing factors and toxicities.
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The factors that negatively affected PFS in ribociclib recip-
ients were the number of treatment steps > 3 (p = 0.027),
albumin level < 4.1 g/dL (p = 0.002), and transaminitis
on day 10 (p = 0.010). In contrast, only the number of
treatment steps > 3 significantly affected OS (p = 0.008). In
the palbociclib group, any degree of transaminitis (p = 0.042)
and mucositis (p = 0.026) on day 10 had a negative effect
on PFS, whereas diarrhea (p = 0.045) had a negative effect
on OS. Neutropenia of any degree on day 28 significantly
positively affected OS in palbociclib recipients (p = 0.009).

Discussion

In this study, we found that CDK 4/6 inhibitor-relat-
ed toxicities in metastatic HR+/HER2— breast cancer
did not predict RRs. However, the number of treatment
steps and albumin level at the beginning of treatment
were found to predict response in the ribociclib group.

In MONALEESA-3, the response rate was 32.4%
in the entire patient population receiving riboci-
clib/fulvestrant. In MONALEESA-2, the objective
response rate (ORR) was 54.5% in patients receiving
ribociclib/letrozole. In PALOMA-3, the ORR was 25%,
and PALOMA-2, the ORR was 55.3% |2, 3, 8, 9]. The
response rates in our study were similar to those in
the MONALEESA and PALOMA studies. Although
there was a numerical difference between the two drugs,
there was no statistically significant difference.

In a meta-analysis by Onesti et al. [10], hematologic
side effects (especially neutropenia) were the most com-
mon with ribociclib and palbociclib, whereas gastrointesti-
nal side effects were the most common with abemaciclib.
In addition, regardless of the type of CDK inhibitor,
the rate of neutropenia was 33%, and in grades 3 and 4,
neutropenia was found to be 21%. Considering the tox-
icity data, in MONALEESA-3, the rate of ribociclib-in-
duced neutropenia was 71.6% (grades 3 and 4, 57.1%),
thrombocytopenia was 8.9% (grades 3 and 4, 1.0%),
and anemia was 19% (grades 3 and 4, 3.9%). In contrast,
the rates of neutropenia were lower in our study. The rates
of thrombocytopenia and anemia were higher (Tab. 2).
The rate of neutropenia due to palbociclib was 84.1%
(grades 3 and 4, 69.6%), thrombocytopenia was 25.5%
(grades 3 and 4,2.9%), anemia was 31.6% (grades 3 and 4,
4.3%), mucositis was 30.1% (grades 3 and 4, 0.9%), diar-
rheawas 27.2% (grades 3 and 4,0%) in PALOMA-3, and
anemia was higher in our study. Mucositis, diarrhea,
and neutropenia were lower, and thrombocytopenia was
observed at similar rates (Tab. 2).

In the real-life data of 177 patients receiving palbo-
ciclib, as reported by Odan et al. [11], the neutropenia
rate was higher than in our study (92.7% in all grades;
grades 3 and 4, 72.2%). Similarly, the rates of leukope-
nia, thrombocytopenia, anemia, and transaminitis were
higher than in our study. The need for dose reduction

was 36.5% in our patients receiving palbociclib, which is
higher than 70% in the study by Odan et al. In our study,
78.9% of the patients received palbociclib in the first
and second steps, whereas 73% received palbociclib in
the third and higher steps in the study by Odan et al.
[11]. The difference in our current toxicity data may be
related to the treatment step [11].

In another real-life study by Sun et al. [12], the cor-
relation between neutrophil count and NLR and PFS
in patients receiving palbociclib/ET was investigated.
Unlike our study, neutrophil levels were recorded at
weeks 2, 4, 6, 8, 12, 16, 18, and 24. Lower neutrophil
levels were found to be correlated with lower risk of pro-
gression [12]. On the contrary, according to the results
obtained in our study, the development of neutropenia
on days 10 and 28 did not affect the risk of progression
in the palbociclib group. However, the development of
neutropenia on day 28 positively affected OS.

Contrary to other studies, we examined the cytopenia
rates in the hemogram parameters of the patients on
days 10 and 28. No statistically significant difference
was found between the toxicity rates of the two drugs
on days 10 and 28 (Tab. 2). It has been observed that
hypertension due to sunitinib, a multikinase inhibitor,
may be a predictive marker in treating metastatic renal
cell carcinoma [6]. In our study, a similar prediction
was not found with CDK 4/6 inhibitor-related toxici-
ties. However, when the factors that may have affected
response were evaluated in univariate and multivariate
analyses, the RR in patients with albumin levels above
4.1 g/dl was better than that in patients with albumin
levels 4.1 g/dl and below in multivariate analysis when
all patients were considered (OR = 4.76; 95% CI
1.30-17.46; p = 0.018). This result may be related to
the fact that albumin provides information about sys-
temic inflammation and nutritional status.

Study limitations

The main limitations of our study are that it was
retrospective, and the patient groups were heteroge-
neous. The small number of patients, heterogeneity
of clinical characteristics of patients (treatment line,
endocrine therapies, menopause status, etc.), short
follow-up periods, missing data due to retrospective
design (comorbidities, performance status, and clinical
toxicity data), and lack of post-progression treatment
data were other limitations of the study.

Conclusions

In the literature, there are no prospective stud-
ies, with similar designs, that compare these two
drugs. According to the studies conducted in line
with the available data, there are no easily accessible
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parameters other than ER/PR positivity that strongly
predicts response to CDK 4/6 inhibitors. However,
we were interested in whether baseline laboratory pa-
rameters and treatment-related toxicities can predict
the RR. In this context, our finding about the high RR
in patients with high baseline albumin levels for ribociclib
will contribute to the literature. There are no data on
albumin levels and response rates in the MONALEESA
and PALOMA studies. Therefore, we hope our study
results will be supported by multicenter real-life data with
alarger number of patients and longer follow-up periods.
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