b 4

Q 21 GENNAIO 2020

MILANO | Starhotels E.C.Ho.

¢ _ 4

- Lenalidomide — meccanismo
d’azione: e tutto chiaro?

3y
s
~

O
¢

() STATO DELLARTE
E NUOVI ORIZZONTI Romano Danesi

TERAPEUTICI
NEL TRATTAMENTO DEI

Ll NFOM' Universita di Pisa

UO Farmacologia clinica e Farmacogenetica



Dichiarazione

* Ipsen, Novartis, Pfizer, Sanofi Genzyme, AstraZeneca,
Janssen, Gilead, EUSA Pharma, Roche, Lilly (scientific
advisory board, consulting relationship)

* Ipsen, Sanofi Genzyme, Roche, Lilly (travel,
accommodation, expenses)



Characteristics of thalidomide and the IMiDs

lenalidomide and pomalidomide

Characteristic Thalidomide Immunomodulatory compounds
Lenalidomide Pomalidomide
O O 0O O 0O O
I N Y N
Structure N —0 N —0 N —0
\
0 NH, NH, ©
Plasma Cpax, WM’ 5.4 2.2 0.19
Tumoricidal properties >100 0.1-1 0.01-0.1
Inhibition of DNA synthesis in MM.1S cell line, IC5, uM?
Immunomodulation >100 0.15 0.010
Interleukin-2 enhancement, ECsg, uM™
Antiangiogenesis ~0.1 ~1.0 0.1-1.0

Inhibition of sprout formation from human umbilical artery ring explants, IC5q, uM!!

4 Cmax reported in ng/mlL.

Davies F, Baz R. Blood Reviews 24 Suppl. 1 (2010) S13-S19



Schematic model of cereblon (CRBN) binding
resulting in pleiotropic activity of novel drugs

| Development of novel chemical scaffolds with unique target/substrate profiles

Pomalidomide

Thalidomide Lenalidomide

Substrates
& partially shared
<« unique
Grzegorz S. Nowakowski
it i ] - Blood 2015;126(6):698
Cell Type ::‘: eomr;';a NK-cell activation
Solid tumors B-cell inhibition

Biological Effect r Anti-Tumor




Cereblon: cellular functions

e Cereblon on chromosome 3 was first described as associated
with human cognitive functions (Cerebral protein with Lon
protease)

* Functions in the brain as an ionic channel regulator

* Highly conserved from plants to humans, broadly expressed

Regulates AMP kinase in insulin resistance, obesity

* Forms an E3 ubiquitin ligase complex with DDB1 (Damage
Specific DNA Binding Protein 1), Cul4A (ubiquitin ligase
component of a multimeric complex involved in the
degradation of DNA damage-response proteins), Rocl
(regulator of cullins-1).

A. Keith Stewart: IMiDs: mechanism of action and future applications - Mayo Clinic



Lenalidomide induces degradation of IKAROS family zinc finger
proteins (IKZF1/3) hematopoietic-specific transcription factors
involved in the regulation of lymphocyte development

Thalidomide, lenalidomide,
pomalidomide

gis —

CRBN E3
@ ubiquitin ligase
’ ® Ub CikzF1/3 3
Transcription factor
destruction

|

Direct outcome Collateral effects
of drug

4 IRF4 1t IL-2
4 MYC

l

Multiple myeloma
cytotoxicity

A. Keith Stewart: IMiDs: mechanism of action and future applications - Mayo Clinic



Cereblon levels are highest in MM,

leukemias, and neuroblastoma

CRBN - Entrez ID: 51185
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IMiDs: mechanism of action and future applications - Mayo Clinic

A. Keith Stewart:



Lenalidomide-resistant multiple myeloma
cells lack cereblon

RT-PCR (CRBN)
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Zhu YX, et al. Blood 2011;118:4771-9 8



Lenalidomide has tumoricidal activity and
immunomodulatory effect

Improves immune
function and

tumor killing

o O H
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5 NH,
o
Reduces
» multiple myeloma
; cell burden
Y et >
Time

Davies F, Baz R. Blood Reviews 24 Suppl. 1 (2010) S13-519



Mechanism of action of lenalidomide
Tumor cell death

A TUMORICIDAL
Myeloma cell
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Davies F, Baz R. Blood Reviews 24 Suppl. 1 (2010) S13-519
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Mechanism of action of lenalidomide
Increased immune response

IMMUNOMODULATORY @
W ———— %0

LENALIDOMIDE release cytokines
NH, | and proliferate
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Davies F, Baz R. Blood Reviews 24 Suppl. 1 (2010) S13-519 1 1



Mechanism of action of lenalidomide
Down-regulation of PD-1 and PD-L1 on tumor/T-cells

Decreased functions in MM and stromal cells by Lenalidomide
1 apoptosis 1 cell-cycle arrest J PD-1/PD-L1
J survival 1 susceptibility toNK cells T NKG2DL

L pro-angiogenicfactors . pro-inflammatory cytokines Lenalidomide
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, © ©o | RestoredfunctionsinT and NK cells by Lenalidomide
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Giuliani M et al. Oncotarget 2017; 8(14):24031-24044



Mechanism of action of lenalidomide
P-CD28 and PI3K, GRB-2-0S, and NF-kB activation

‘Activated APC

T Cell clonal proliferation

.-

Activated APC

Kotla V et al. Journal of Hematology & Oncology 2009, 2:36
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Mechanism of action of lenalidomide
Modulation of tumor microenvironment

Stromal Cell Lenalidomide
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Chanan-Khan AA, et al. J Clin Oncol. 2008;26(9):1544-1552. 14



Drug-drug interactions (DDIls) of IMiDs

* Lenalidomide

* Rapid absorption and good bioavailability

* no CYP metabolism, no dose adjustment on the basis of age,
ethnicity, mild hepatic impairment, or drug—drug interactions.

* Pomalidomide
* Rapid absorption and good bioavailability

e Extensive hepatic metabolism by CYP1A2 and CYP3A4 (less than
2% is eliminated as parent compound). The metabolites are 26-
fold less active than pomalidomide.

 Pomalidomide dose should be reduced by 50% if co-

administered with strong CYP1A2 inhibitors (ciprofloxacin,
fluvoxamine) and strong CYP3A/P-gp inhibitors.

https://www.drugbank.ca/ Kasserra C et al. J Clin Pharmacol. 2015 Feb;55(2):168-78
http://www.bccancer.bc.ca/ 15



DDIs of lenalidomide and pomalidomide

Pomalidomide 4 mg
- S Pomalidomide 4 mg + Fluvoxamine 50 mg
- 500 - —O— LEN alone
= —— LEN + temsirolimus
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Chen N et al. Cancer Chemother Pharmacol (2014) Yan Li et al. J Clin Pharmacol 2018, 58(10)
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Conclusions

* IMiDs have a complex mechanism of action and a
pharmacologic modelling is far from being defined.

* Preclinical and clinical studies put forward a dual
mechanism of action for lenalidomide, involving both a
direct tumoricidal activity and immunomodulation.

* Lenalidomide is not metabolised to a significant extent
and has favorable pharmacokinetics; drug-drug
interactions are unlikely to occur.
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