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

Pavia’s battle (1525),

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)



THE ROLE OF CDK4/6 IN BREAST CANCER

ERa Mitogenic
enelne * Cyclin D—CDK4/6 complexes promote cell proliferation through
Rb protein phosphorylation.

* |ncreased 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.

$ phase transcription

program
G1/5 transition

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

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

Select Clinical Trials of CDK4/6 Inhibitors for HR+, HER2— ABC!

Ribociclib

Palbociclib

Abemaciclib

MONALEESA-2
(First-line RIBO + LET in postmenopausal women)

MONALEESA-7
(First-line RIBO + ET + OFS in premenopausal women)

CompLEEment-1
(First-line RIBO + LET in an expanded patient population)

MONALEESA-3
(RIBO + FUL in patients with <1 line of ET for ABC)

PALOMA-2
(First-line PAL + LET in
postmenopausal women)

PALOMA-1
(Phase 2 study of first-line PAL +
LET in postmenopausal women)

PALOMA-3
(PAL + FUL with £1 line
of ET for ABC)

MONARCH-3
(First-line ABE + NSAI in postmenopausal
women)

MONARCH-2
(ABE + FUL in patients with
<1 line of ET for ABC)

MONARCH-1
(Phase 2 study of ABE monotherapy in
heavily pretreated patients)
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CDK4/6i and bone ... what we know ?
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PALBOCLIB IN BONE ONLY DISEASE
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RIBOCICLIB IN BONE ONLY DISEASE
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ABEMACICLIB IN BONE ONLY DISEASE
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Overall Survival of CDK4/6-Inhibitor-Based Treatments in Clinically
Relevant Subgroups of Metastatic Breast Cancer: Systematic Review
and Meta-Analysis
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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).
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Abstract: The CDK4/6 inhibitors (CDKi) palbociclib, ribociclib, and abemaciclib are currently ap-
proved in combination with anti-estrogen therapy for the treatment of advanced and/or metastatic
hormone receptor-positive/ HER2-neu-negative breast cancer patients. Given the high incidence of
bone metastases in this population, we investigated and compared the potential effects of palbociclib,
ribociclib, and abemaciclib on the breast cancer bone microenvironment. Primary osteoclasts (OCs)
and osteoblasts (OBs) were obtained from human monocyte and mesenchymal stem cells, respec-
tively. OC function was evaluated by tartrate-resistant acid phosphatase assay and real-time PCR; OB
activity was assessed by an alizarin red assay. OB/breast cancer co-culture models were generated
via the seeding of MCF-7 cells on a layer of OBs, and tumor cell proliferation was analyzed using flow
cytometry. Here, we showed that ribociclib, palbociclib, and abemaciclib exerted similar inhibitory
effects on the OC differentiation and expression of bone resorption markers without affecting OC via-

bility. On the other hand, the three CDKi did not affect the ability of OB to produce bone matrix, even

if the higher doses of palbociclib and abemaciclib reduced the OB viability. In OB/MCEF-7 co-culture

models, palbociclib demonstrated a lower anti-tumor effect than ribociclib and abemaciclib. Overall,

our results revealed the direct effects of CDKi on the tumor bone microenvironment, highlighting
differences potentially relevant for clinical practice.



The choice of cdki drug concentrations: pharmacokinetic considerations

Ribociclib 1,200 mg o -8— 50 mg 24 hr

—v— 100 mg 24 hr

Ribociclib Palbociclib Abemaciclib
Treatment group: () 6 ~@~ 125 mg once daily 1 ,000
—=— Ribociclib 50 mg 220 4 -0— 100 mg once dally
2 50004 Ribociclib 280 mg 200 4 'é'
g —e— Ribociclib 750 m >
. I ICII
T g i £
z§ . --a-- Ribociclib 70 mg E 160 o 8
= —e— Ribociclib 350 m § o o
g i g8
8 Ribociclib 900 ma £ 4204 g =
o o 8 —e— 75 mg 12 hr
S —a— Ribociclib 140 mg 100 4 2 g —v— 100mg 12 hr
[&] -
S 301 . e 80 o 10 4 —a— 150 mg 12 hr
g #-- Ribociclib 400 mg 5 © —4— 200 mg 12 hr
= £
73 7}
= <
S a
=

Ribociclib 260 mg %0 —a— 150 mg 24 hr

—&—  Ribociclib 600 mg =l —4—225mg24 hr
1 0 1L ) . . v
© 2 4 6 8 10 12 4 16 18 20 22 24 0 5 10 15 20

0246 8 _ 2 Time (W)
Time (h) Nominal time (h)
Ribociclib Mean plasma concentration Palbociclib Mean Plasma Concentration:~ 100 ng/ml Abemaciclib Mean Plasma Concentration:
~ 1500 ng/ml =3 uM =0,2 puM ~300 ng/ml=0,5 pM

Drug concentrations used in in vitro experiments
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Human primary in vitro osteoclast generation
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CDKi effects on osteoclast differentiation

1.51

OC viability (%)

The three CDKi inhibited osteoclast differentiation
without affecting osteoclast viability

Ribociclib and Abemaciclib exerted an higher
1001 osteoclast inhibitory effect compared to Palbociclib

TRAP* cells (%)

Osteoclasts were cultured in steroid deprivated media



mRNA (fold change)

CDK inhibitors effects on bone resorption

@@ Ribociclib 3 uM
@ Palbociclib 0.2 uM
1.01 &3 Abemacicib 0.5 uM
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CDK inhibitors reduced the expression of genes
involved in bone resorption



Human primary in vitro osteoblast generation
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CDK:i effects on osteoblast differentiation
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The higher concentrations of palbociclib
and abemaciclib reduced osteoblast viability

Viable OBs
(fold change)

o
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Ctrl Ribociclib 3 u 1501
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CDKi did not affect the ability of osteoblasts

501 to produce bone matrix

0.5 uM

Alizarin Red positivity
(fold change)

Osteoblasts were cultured in steroid deprivated media



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

Add
MCF-7 cells Breast Cancer Cell analysis
— by flow cytometry
mature primary osteoblasts osteoblast/MCF-7
(ALP and Alizarin Red positive) co-colture
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Alexa Fluor 488

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

Brest cancer/osteoblasts were cultured in steroid deprivated media



CDK inhibitors effect on breast cancer cells in bone microenvironment
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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



Conclusions

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

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



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

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




