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Clinical hallmarks of high-risk multiple myeloma (MM)

1. Barlogie B et al, Blood 2014; 2. Kumar  S et al, Leukemia 2013

Treatment 
Refractory

Early 
relapse

ü20-30% 1,2

üClinical aggressive behaviour

üPFS < 18 months or OS < 2-3 years1,2



Recognizing high-risk feature in MM



Expression-based Definition of Aggressive Disease (GEP70)

EFS OS

Diagnosis-relapse risk

Shaughnessy et al, Blood 2007



Expression-based Definition of Aggressive Disease

Signature No of genes Genes common 
with 70 Gene

No of Genes 
common with 92 
Gene

1 UAMS 70 genes -- 2 genes
(BIRC5, LTBP1)

2 HOVON-65/GMMG-HD4 
(EMC92) 92 genes 2 genes

(BIRC5, LTBP1) --

3 IFM 15 genes None 1 gene
(FAM49A)

4 Chromosome instability 
signature 214 genes 7 genes 15 genes

5 Centrosome index signature
(CNTI) 4 genes None None

6
Cell death signature 
implicated by homozygous
deletion (HZDCD)

6 genes None None

7 7-gene prognostic signature 
HMCL MM cell lines study

7 genes
6 genes

None
None

None
None

8 Proliferation signature 50 genes
3 genes
(BIRC5, ASPM,
CKS1B)

6 genes
(ESPL1, MCM6, 
NCAPG, SPAG5, 
ZWINT, BIRC5)



1q gains: 30-35% of patients

Recognizing high-risk: Chr1 abnormalities?

Avet-Loiseau et al, J Clin Oncol 2012
Hebraud et al, Blood 2015

Del(1p32)



Rajkumar et al., Mayo Clin Proc 2016



IMW Consensus… 

Adopted from Muchtar et al, Leuk Lymph 2016; Dispenzieri Hematology Am Soc Hematol Educ Program. 2016; IMW 2017 Consensus Panel #2 



IMW Consensus… 



High-risk disease characteristic in relapsed MM

Adapted from Laubach J et al, Leukemia 2016

Adverse cytogenetic abnormalities Del17p, amp 1q21 o 
t(4;14)

• Dimopoulos et al, Leukemia 2010
• Smetana et al, Clin Lymphoma Myeloma Leuk

2013
• Jakuboviak et al, Leukemia 2013
• Reece et al, Blood 2009

Extramedullary disease • Rasche, Ann Hematol 2012
• Dimopoulos, Leukemia 2010
• Papanikolau, Leuk Lymphoma 2013

Short remission duration after first 
treatment

• Sellner L, Cancer 2013
• Jimenez-Zepeda, Biol Blood Marrow Transplant

2012
ISS stage at relapse • Sellner, Blood 2014

• Anagnostopoulos, Leuk Lymphoma 2004
Isotype transformarion Light chain escape, 

hyposecretory disease
• Brioli , Blood 2015
• Ahn, Clin Lymphoma Myeloma Leuk 2014

High LDH levels at relapse • Dimopoulos, Leukemia 2010
• Sellner, Cancer 2013



1. Barlogie et al, Blood 2014; 2. Kumar et al, Leukemia 2013

ü Many genetic drivers of the high risk disease

ü High potential to acquire additional changes 

ü Higher ability to evolve

ü High proliferative rate

ü Anti-apoptosis

ü Drug resistance

ü Microenvironment independency

Which biological processes drive the high risk phenotype ?



Convergent evolutionary route to high-risk MM via cell cycle dysregulation

Multiple-injury mechanism 

Pawlyn et al, Nature Reviews 2017



Pawlyn et al, Nature Reviews 2017

MCL1
BCL9 Anti-apoptotic , proliferation

CSK1B
Cellular proliferation through p27 
degradation and cyclin-dependent kinases

amp or gain(1q21)

Copy Number Abnormalities: Chr1







Copy Number Abnormalities: del(17p)   

üWhole arm-level aberrations and whole-arm jumping
translocations are associated with high-risk myeloma

üTP53 gene at the short arm of 
chromosome 17

Lionetti et al, Oncotarget 2016; Pawlyn et al, Nature Reviews, 2017

Small sub-
clones with 
monoallelic 
inactivation 

of TP53
(<20%)

Vs.

Larger clones
with 

monoallelic 
inactivation 

of TP53
(50-60%)

High-risk



Weinhold et al , Blood 2016

TP53 bi-allelic events identify aggressive course in relapsed MM



Redefining High-risk MM

High-risk segment defined by ISS III and either
a) biallelic TP53 inactivation or 
b) amplification of CKS1B (1q21)Walker et al. Leukemia 2019

















Myeloma clonal evolution to high-risk

Pawlyn et al, Nature Reviews 2017



Regional evolution in multiple myeloma 

Rasche et al, Nature Comm 2017



Spatial clonal architecture 

ü Medical imaging frequently shown an imbalanced
distribution of MM

ü Failure to detect clones that drives relapse may be
explained by regionally restricted evolution

ü Multi-region investigations are critical to understanding
intra-patients heterogeneity in MM

13 cases
Rasche et al, Nature Comm 2017



ü A worse outcome for cases with
a non-homogenous distribution
of GEP70 high-risk clones

üHigh-risk subclones drive
prognosis even if they are not
ubiquitously distributed

Rasche et al, Nature Comm 2017

Impact of regional high risk diseas on survival











RESULTS







High-risk MM: take home messages…

ü High-risk disease is define by both clinical and genetic features.

ü Strong negative prognostic role of the double hit p53 mutations and of GSK1B
amplification

ü No unique pathogenetic biological mechanism defines the high-risk disease.

ü High sensitivity to MCL-1 inhibitor in Amp1q high risk patients

ü High proliferative rate and signature: possible role of LOF of RB1 and MAX at the diagnosis
and CDKN1C/CDKN2C at the transition to PR group.

ü A spatial regional genomic heterogeneity of high-risk disease occurs in MM patients with
poor prognosis.

ü Identification of possible surrogate markers of high-risk disease by liquid biopsy.



Grazie per l’attenzione…


