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Molecular/cellular pathogenesis of
multiple myeloma
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What lenalidomide does
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Tyrosine phosphorylation of CD28 on T cells by
lenalidomide activates downstream targets (eg, PI3K, GRB-
2-0S, and NF-kb) leading to T cell clonal proliferation
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Lenalidomide has tumoricidal activity

Lenalidomide
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Mechanism of tumor cell death and disruption of
stromal support by lenalidomide
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Characteristics of thalidomide and the IMiDs
lenalidomide and pomalidomide

Characteristic Thalidomide Immunomodulatory compounds
Lenalidomide Pomalidomide
0O o 0 o 0 O y
N Ny YN
Structure N —0 N (0] N —O
\o NH, NH, ©
Plasma Cpax, uM78 5.4 2.23 0.19
Tumoricidal properties >100 0.1-1 0.01-0.1

Inhibition of DNA synthesis in MM.1S cell line, ICsq, uM?

Immunomodulation >100 0.15 0.010
Interleukin-2 enhancement, ECsq, uM1©

Antiangiogenesis ~0.1 ~1.0 0.1-1.0
Inhibition of sprout formation from human umbilical artery ring explants, ICs5q, uM!

4 Chmax reported in ng/mL.

Davies F, Baz R. Blood Reviews 2010



Lenalidomide has immunomodulatory effect

Improves immune
function and
tumor killing
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Lenalidomide increases immune response

B IMMUNOMODULATORY @
W ———— %Q

LENALIDOMIDE release cytokines

and proliferate

g @ cells and improved function

' Activated immune cells
target and trigger

L]
¢ ; :
@ i MM cell apoptosis !

MM cells

NH, o
N '
Expansion of immune
(o]

\\Q S /I//

=\
N

Enhancement of humoral and
vaccine responses

Davies F, Baz R. Blood Reviews 2010



Lenalidomide down-regulates PD-1 on tumor cells and PD-L1 on
both stromal and tumor cells, thus restoring immune response

Decreased functionsin MM and stromal cells by Lenalidomide
1 apoptosis 1 cell-cycle arrest J PD-1/PD-L1

L survival 1 susceptibilityto NK cells T NKG2DL

4 pro-angiogenicfactors L pro-inflammatory cytokines

Lenalidomide

Survival ‘
Proliferation |
Activation
Angiogenesic

Lenalidomide | —

Giuliani M et al. Oncotarget 2017; 8(14):24031-24044

Survival
Proliferation
Drugresistance
Immune-escape
Angiogenesis

Lenalidomide

Restored functionsinT and NK cells by Lenalidomide
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Schematic model of cereblon (CRBN) binding
resulting in pleiotropic activity of novel drugs

! Development of novel chemical scaffolds with unique target/substrate profiles
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Lenalidomide-induced degradation of casein
kinase 1a (CK1a)
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Degradation of lkaros family trascription factors provides a
mechanism for lenalidomide’s effects in multiple myeloma

Hydrophobic
pocket

CK1o/IKZF1
binding

CK1a and IKZF1 share a common CRBN interface

IKZF1/3 are essential for B-cell differentiation and
multiple myeloma cells survival

Interaction with IKZF1/3 may explain lenalidomide
efficacy in mantle cell ymphoma and chronic lymphocytic
leukemia

IKZF 3 regulates expression of IRF4 (positive feedback

loop with the oncogene MYC) and induces a
transcriptional repression of the IL2 gene

Petzold et al., Nature 2014
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Conclusions
* Lenalidomide has a complex mechanism of action

 Preclinical and clinical studies put forward a dual mechanism
of action for lenalidomide: a direct tumoricidal activity and
Immunomodulation

* Interaction with CRBN and the consequent degradation of

endogenous substrates (e.g., lkaros family trascription
factors) may partially account for the mechanism of

lenalidomide action in MM



