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CDK4/6 INHIBITORS…what they are supposed to do ?

Ci-git Monsieur de La Palice. Si il n'était pas mort, il serait encore en vie"
(Qui giace il signore di La Palice. Se non fosse morto, sarebbe ancora in vita)

Pavia’s battle (1525),



The cyclin-dependent kinase (CDK) 4/6 inhibitors drugs that interrupt proliferation of malignant cells by inhibiting 
progression through the cell cycle. 

• Cyclin D–CDK4/6 complexes promote cell proliferation through  
Rb protein phosphorylation.

• Increased CDK4/6 activity is frequently observed in HR+ breast 
cancer.

• Activation of the cyclin D–CDK4/6–INK4–Rb pathway has been 
associated with poor response and resistance to endocrine 
therapy.

THE ROLE OF CDK4/6 IN BREAST CANCER

Asghar. Nat Rev Drug Discov. 2015;14:130. 2. Miller. Cancer Discov. 2011;1:338. 3. Thangavel. Endoc Relat Cancer. 2011;18:333.



CDK4/6 Inhibitors: FDA-Approved Indications in HR+/HER2- MBC



CDK4/6i and bone … what we know ?



Rugo HS, Palbociclib plus letrozole as first-line therapy in estrogen receptor-positive/human 
epidermal growth factor receptor 2-negative advanced breast cancer with follow-up. Breast Cancer
Res doi: 10.1007/s10549-018-05125-4. 

Paloma2: Palbociclib+ letrozolo vs placebo+letrozolo
mPFS 36.2mo, HR 0.41 (0.26 - 0.63)

PALBOCLIB IN BONE ONLY DISEASE
PALOMA 2

Paloma2: Bone Only Disease mOS 63.5 mo, HR 0,77 (0,51-
1,17)

Dennis J. Slamon et al., Overall Survival With Palbociclib Plus Letrozole in Advanced Breast Cancer. JCO 
42, 994-1000(2024). DOI:10.1200/JCO.23.00137



Cristofanilli M et al, Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of 
hormone-receptor-positive, HER2-negative metastatic breast cancer that progressed on previous 
endocrine therapy (PALOMA-3): final analysis of the multicentre, double-blind, phase 3 randomised
controlled trial, The Lancet Oncology 2016

Paloma3: mPFS 11.2 mo, HR 0.43 (0.28 - 0.67) 

PALBOCLIB IN BONE ONLY DISEASE
PALOMA 3

Paloma3: Non visceral disease mOS , HR 0.63 (0.45 - 0.88)

Cristofanilli M et al, Overall Survival with Palbociclib and Fulvestrant in Women with HR+/HER2- ABC: Updated
Exploratory Analyses of PALOMA-3, a Double-blind, Phase III Randomized Study. Clin Cancer Res. 2022



Rugo, H. S. et al.. Breast Cancer Res. Treat. 174, 719–729 (2019)

Monaleesa2: Ribociclib + letrozolo vs 
placebo+letrozolo mPFS HR 0,642 (0,4-1,05) 

RIBOCICLIB IN BONE ONLY DISEASE
MONALEESA2

Monaleesa2: Bone only disease Ribociclib + letrozolo vs 
placebo+letrozolo mOS HR 0,78 (0,5-1,2) 

(Gabriel N. Hortobagyi, 2022)



Slamon DJ, Phase III Randomized Study of Ribociclib and Fulvestrant in Hormone Receptor-
Positive, Human Epidermal Growth Factor Receptor 2-Negative Advanced Breast Cancer: 
MONALEESA-3. J Clin Oncol. 2018 Aug 20;36(24):2465-2472. doi: 10.1200/JCO.2018.78.9909.

RIBOCICLIB IN BONE ONLY DISEASE
MONALEESA 3

Monaleesa2: mPFS HR 0.37 (0.23 - 0.61) Monaleesa3 : OS, HR 0.60 (0.33-1.07)

Dennis J. Slamon, Overall Survival with Ribociclib plus Fulvestrant in Advanced Breast Cancer, New England Journal 
of Medicine, 2020. https://www.nejm.org/doi/full/10.1056/NEJMoa1911149



ABEMACICLIB IN BONE ONLY DISEASE
MONARCH 3

Monarch3: mPFS HR 0.565 (0.306-1.044)

Matthew P Goetz et al, SABCS 2023 Johnston S,  MONARCH 3 final PFS: a randomized study of abemaciclib as initial therapy for advanced breast cancer. NPJ 
Breast Cancer. 2019 doi: 10.1038/s41523-018-0097-z

Monarch3: mOS HR 0.596 (0.36 - 0.98)



ABEMACICLIB IN BONE ONLY DISEASE
MONARCH 2

Monarch2: OS Abemaciclb + Fulvestrant vs Placebo + 
Fulvestrant: HR 0.907 (0.564-1.457)

(Sledge et al., 2020)George W. Sledge, Jr.  2017

Monarch2: PFS Abemaciclb + Fulvestrant vs Placebo + 
Fulvestrant: HR 0,54 (0.355-0,833)



Schettini F, Giudici F, Giuliano M, et al. Natl Cancer Inst. 2020;112(11):1089-1097. 

A significant cumulative relative 
reduction in the riskof death of 24% 
with cdk4/6 inhibitors + OT vs OT

The OS benefit obtained with CDK4/6-
inhibitor–based combinations in bone-
only disease was not statistically 
significant BUT… 
longer follow-up, and more events 
might be needed to obtain more 
conclusive results

Reduction of the hazard of dying with 
CDk4/6 inhibitor of the 29% 
HR 0,74(0,62-0,80)
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EFFICACY OF CDK 4/6 INHIBITORS IN BONE METASTASES

The combination of CDK4/6 inhibitors and endocrine therapy represents an effective and well-tolerated

approach for the first-line treatment of metastatic breast cancer in the BoD setting.

Bone metastasis increase the risk of skeletal-related events (SREs) in cancer patients. In addition to affecting

the quality of life, it also increases the medical costs and mortality risk.

To date, there are no studies that comparatively investigate the impact of CDK4 / 6 inhibitors on bone

endpoints (Skeletal Related events and Skeletal progression free survival).



CDK4/6i and bone … what we know ?





Ribociclib AbemaciclibPalbociclib

Ribociclib Mean plasma concentration
~ 1500 ng/ml = 3 μM

Palbociclib Mean Plasma Concentration:~ 100 ng/ml 
= 0,2 μM

Abemaciclib Mean Plasma Concentration:
~ 300 ng/ml = 0,5 μM

The choice of cdki drug concentrations: pharmacokinetic considerations

Drug concentrations used in in vitro experiments



The choice of concentrations was 
appropriated!!

The three CDKi showed a similar anti-tumor effect 
on the two hormone-sensitive breast cancer cells

The choice of CDKi drug concentrations:  in vitro validation



Human primary in vitro osteoclast generation 



CDKi effects on osteoclast differentiation

The three CDKi inhibited osteoclast differentiation
without affecting osteoclast viability

Ribociclib and Abemaciclib exerted an higher
osteoclast inhibitory effect compared to Palbociclib

Osteoclasts were cultured in steroid deprivated media 



CDK inhibitors effects on bone resorption

CDK inhibitors reduced the expression of genes 
involved in bone resorption



Human primary in vitro osteoblast generation 



CDKi effects on osteoblast differentiation

CDKi did not affect the ability of osteoblasts 
to produce bone matrix

The higher concentrations of palbociclib
and abemaciclib reduced osteoblast viability

Osteoblasts were cultured in steroid deprivated media 



Pan-Cytokeratin staining allows to discriminate between breast 
cancer cells and osteoblasts 
(Pan-Cytokeratin negative) 

Breast cancer bone metastatic model co-culture generation 
and flow cytometry analysis

Brest cancer/osteoblasts were cultured in steroid deprivated media 



CDK inhibitors effect on breast cancer cells in bone microenvironment

The three CDKi reduced cell viability and cancer cell proliferation 
in breast cancer/osteoblasts co-culture models 

Ribociclib and abemaciclib exerted a higher anti-tumor effect compared to Palbociclib



Real World Comparative Evidence
about efficacy and toxicity of 

CDK4/6 Inhibitors



• 1284 ECOG PS0-1 patients treated with bone metastases 
as first or second line of treatment with at least 12 
months of follow up were collected from 26 Italian 

Insitutions

665 pts bone only disease



Progression Free Survival

Data Not Published . Confidential



Overall Survival

Data Not Published . Confidential



Conclusions

The three CDKi exert a direct effect on the tumor bone microenvironment, but with 
differences potentially relevant for clinical practice

Osteoclasts:

• The three CDKi inhibited osteoclast differentiation and activity

• The comparative analysis shows that Ribociclib and Abemaciclib exerted an higher osteoclast inhibitory effect compared
to Palbociclib

Osteoblasts:

• The three CDKi did not affect the ability of osteoblasts to produce bone matrix

• The comparative analysis shows that the higher concentrations of palbociclib and abemaciclib reduced osteoblast viability

Breast cancer bone metastatic models:

• The three CDKi reduced cell viability and cancer cell proliferation in breast cancer/osteoblasts co-culture models

• The comparative analysis shows that Ribociclib and abemaciclib exerted a higher anti-tumor effect compared to
Palbociclib



• Bone health in CDK4/6 inhibitors: real
world experience.

• Studio retrospettivo osservazionale
multicentrico di real life di Palbociclib,
Ribociclib e Abemaciclib in combinazione
con inibitori dell’aromatasi o Fulvestrant
in pazienti con ca mammella HR+/HER2-
e metastasi ossee.




