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Clonal evolution: not a new concept

This Week'’s Citation Classic:

Nowell P C. The clonal evolution of tumor cell populations. Science 194:23-8, 1976.

[School of Medicine, University of Pennsylvania, Philadeiphia, PA]

T

REVIEW

doi:10.1038/nature10762
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Myeloma evolves in discrete steps that are
clinically (and biologically?) recognizable
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Inherited variants

Primary genetic events:
¢ IGH@ translocations

* Hyperdiploidy

Secondary genetic events:

* Copy number abnormalities
* DNA hypomethylation

* Acquired mutations

Migration and
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Competition selection for bone marrow niche

Clonal advantage
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Consequently, myeloma is heterogeneous by
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9 Recent acquisitions in myeloma “evolutionary biology”

that support heterogeneity
Heterogeneity in SPACE and TIME of the disease:

* Frequency of recurrence of driver mutations across patients

* Number of cells carrying a driver mutation

* Mutations are often “late” events and present only in a
fraction of cells

* Confounding effect of additional mutations carried by Keats Blood 2012
Egan Blood 2012
° The same Ce”s Walker Blood 2012

Bolli Nat Comms 2014
Lohr Cancer Cell 2014

e Different cells in the tumor Melchor Leukemia 2014
Walker Leukemia 2014
* Tumors evolve Corre et al Blood 2015

Rasche Nat Comms 2017
Bolli Leukemia 2018
Bolli Nat Comms 2018

Ledergor Nat Med 2018
e After treatment Rasche Int Journ Mol Sci 2019
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e Spontaneously (in situ or in different locations)




Hyperdiploid

t(11;14)
t(14;16)
t(14;20)
t(4;14)
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Maura et al., Nat Comms 2019
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Clinical question: can genomics help predict the outcome of SMM at
diagnosis?

100+

Smoldering Multiple Myeloma

memmmmmmmsm  High risk, probably already myeloma

messssmmm— |ntermediate risk, needs evolution to
progress to myeloma

Probability of Progression (%)

s | ow-risk, MGUS-like

Years since Diagnosis * Perez-Persona et al, Blood 2007

Dispenzieri et al, Blood 2008
Kyle etal, NEJM 2007 Rajkumar et al, Blood 2015
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Asymptomatic stages show a lower genomic complexity

FISH NGS (whole exome, targeted)

INCIDENCE OF ANEUPLOIDY (% OF PATIENTS) High-risk smoldering myeloma Tultiple myeloma
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80% CNAs,

42% TX,

36% mutations

- No difference
based on the
clinical model
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Mutational landscape of SMM (n= 214)
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Significant arm level and focal CNAs
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Genomic landscape of progressors vs non-progressors (n = 85

Courtesy of |.
Ghobrial, presented
at IMW, Boston
Sept 2019
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2019

Two genomic routes of evolution from SMM to MM

- 10 serial samples
- Short progression time
- (ultra-HR)
- Whole genome sequencing

These cases are
- «de facto» MM already?
-dependent on the microenvironment?

Bolli et al, Nat Comms 2018
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2019

Structural events appear in a somewhat orderly fashion

40% -

Progression to Myeloma

20% -

opportunity to define what’s associated with initiation and what with progression

Log-Rank p-value = 1.23e-03

0% —

T T T 1 1 T 1 T T T T T 1 1

0 12 24 36 48 60 72 84 96
Months from Sample Date
Events /N Median TTP (Months)
- IG MYC SV 6/6 22
- Non-IG MYC SV 13/16 45
- None 45/68 61

Misund et al, Leukemia 2019

Bolli et al, Nat Comms 2018

Maura et al.,
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mic analysis allows reconstruction of the life history of each case

. 2#
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PD26403a: SMM
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19

c analysis allows reconstruction of the life history of each case

PD26403a: SMM

4

PD26403c: NDMM

4

PD26403d: =MV

PD26403d PD26403c

PD26403d

-

>

PD26403a

PD26403c

wsq PD26403
del Xq27 :
bi-del RB1 . del Xq25 x 3
Genomic t(4p16.1:18g21) | : Chromoplexy t(3;8;18;X)
.. L i del 6q, 9p, 19
events driving . gain 18q
gain 3 ° :
" the LOHXq |
. del8p -
phenotypic bi-del CDKN2C ' del 6q27
switch |
- | delCDKN2C 144t MG (3,5,7,10,11,19)
del13 .~
! NRAS | [z .a.
Complex 16p ez

Aggressive
progression » SMM
(subclinical)
‘@’Most recent
common
ancestor

PROGETTO EMATOLOGIA - ROMAGNA Cesena, 21 settembre 2019




2019

Differential activity of mutational signatures over time
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Mutational signatures association with progression
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Insights into timing and modality of MM initiation

Time
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e 2nd Time Window
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Estimated Age (Years)
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" Mass spectrometry redefines the prevalence of MGUS
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Mass spectrometry redefines the prevalence of MGUS
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Estimated prevalence of MGUS with MASS-FIX is 5% in the over 50 population

PROGETTO EMATOLOGIA - ROMAGNA Cesena, 21 settembre 2019



mSingle cell RNAseq can identify aggressive PCs within an

indolent clone
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Jang et al, BCJ 2019
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Conclusions

Intra-tumor and inter-tumor heterogeneity is higher than anticipated

> Need for larger-scale studies and novel (single-cell) technologies to dissect
heterogeneity

« Structural events more than gene mutations seem to drive evolution; however, genomic
analyses still explain little of the transcriptional variability

» Need to integrate genomic studies with epigenetics, immune microenvironment etc

» Discrete steps of clinical evolution do not necessarily correlate with stages of genomic
evolution

» Opportunities to re-define risk of progression
« Is it time for clinical translation of these findings?
> Probably not yet, but results encourage further research
o Probability of SMM evolution
o Risk of NDMM
o Genomic correlates of drug response
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