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forms of MGUS or SMM have a higher risk of progres-
sion to MM than those with MGUS or SMM harbour-
ing other abnormalities that are typically considered as 
standard risk in patients with MM. Patients with trisomic 
precursor states are considered to have MGUS or SMM 
for a shorter period than others, which might be reflected 
in the MM stage as longer survival and more favourable 
outcomes from diagnosis of the precursor state20,44.

Various risk- stratification systems using primary 
and secondary abnormalities to predict outcomes and 
to potentially guide treatment approaches have been 
developed for use in MM5,8,41–43 (TABLE 3). In patients with 
MM, trisomies are associated with the best outcomes, 
representing standard- risk MM. However, limited infor-
mation exists about the clinical relevance of t(6;14), an 
entity also typically associated with standard- risk dis-
ease. MM harbouring translocation t(11;14), although 
considered standard risk, might be associated with less 
favourable outcomes than historically considered45,46. The 
presence of t(4;14), t(14;16), and del 17p has been shown 
to be consistently associated with poor progression- free 
survival (PFS) and overall survival47,48. Consideration 
of the proportion of cells with del 17p can add further 
value to the clinical stratification of patients harbouring 
this abnormality in a subset of cells49–51. The presence 
of gain 1q has been associated with poor outcomes in 
many studies, but the relationship between these out-
comes and the number of 1q duplications remains con-
troversial52–54. The presence of del 13q or monosomy 13, 
as detected in nearly half of all patients by FISH, does 
not appear to have prognostic value, but the detec-
tion of these alterations using conventional karyotyp-
ing appears to predict poor outcomes (approximately 
10–15% of patients with newly diagnosed MM have 
positive results). A study with results published in 2017  
suggests a differential effect of del 13q and monosomy 13  

(REF.30). In patients with newly diagnosed disease, the 
presence of monosomy 13 was associated with a worse 
outcome than a lack of this abnormality (HR 1.27, 95% 
CI 1.04–1.56; P = 0.022), whereas patients with del 13q 
had better outcomes than patients who lacked this abnor-
mality (HR 0.48, 95% CI 0.28–0.81; P = 0.006). The pres-
ence of multiple high- risk genetic abnormalities (such as 
t(4;14) plus del 17p) appears to cumulatively increase risk 
compared with the presence of a single high- risk abnor-
mality30,49,55. By contrast, the concomitant presence of a 
trisomy seems to reduce the risk associated with the pres-
ence of a high- risk marker without a trisomy. The Revised 
International Staging System (RISS) integrates the pres-
ence of high- risk cytogenetic abnormalities and serum 
lactate dehydrogenase (LDH) levels into the previously 
formulated International Staging System (ISS), which 
relied on serum albumin and β2-microglobulin levels8,56.

In the past 5 years, plasma cell gene- expression 
signatures designed to specifically identify patients 
with a poor outcome have been developed by several 
groups53–56; at the time of preparation of this manu-
script, two of these signatures had been used to develop 
commercially available tests57–60. Mutation panels that 
incorporate the most commonly detected mutations in 
patients with MM are currently being developed and 
are beginning to be made commercially available; these 
panels are likely to have a major role in the selection of 
treatment approaches in the future24.

Importantly, risk stratification must be consid-
ered a dynamic process that is determined by not only  
disease biology and evolution during progression  
but also the available therapies61,62. Many of the risk  
factors that were described for newly diagnosed disease 
(such as those used in the RISS system) can be applied 
to patients with disease relapse, although additional  
factors can also come into play. One of the most 
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Fig. 1 | Primary and secondary cytogenetic abnormalities in MM. Cyclin D dysregulation varies based on the underlying 
primary cytogenetic abnormality and is most prominent in t(6;14) and t(11;14) myeloma, in which cyclin D genes are 
directly involved in the translocation, and is least affected in trisomic multiple myeloma (MM). By contrast, MYC proto- 
oncogene protein dysregulation is most prominent in trisomic MM. The complexity increases dramatically as each primary 
cytogenetic type acquires one or more secondary cytogenetic abnormality , including monosomies, deletions, 
amplifications, or specific gene mutations. IgH, immunoglobulin heavy chain; miRNA , microRNA.

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

www.nature.com/nrclinonc

REV IEW



Genetic lesions associated with high-risk multiple myeloma



COMMON RISK STRATIFICATION APPROACHES IN NEWLY DIAGNOSED MULTIPLE MYELOMA

KUMAR et al  NAT REV ONCOL, 2018

of the monoclonal protein by ≥1 g/dl within 2 months) 
and should be considered for treatment as soon as pos-
sible after such changes are detected. Reappearance of 
any of the CRAB features is a clear indication for the 
initiation of treatment. Patients with high- risk disease, 
as well as those who originally presented with severe 
end- organ damage (such as compromised neurological 
function or renal dysfunction), should be considered for 
therapy earlier than other patients.

Management by molecular subtype
Trisomic MM. At the time of diagnosis, patients 
with trisomic MM have a greater tendency to have 
lytic bone lesions than patients with other MM 
subtypes25. Trisomic MM is particularly respon-
sive to immunomodulatory agents92. In patients 

with MM receiving lenalidomide and dexameth-
asone as primary therapy, the best long-term 
survival outcomes are observed in those with triso-
mies93. Among the different cytogenetic subtypes,  
trisomic MM is also associated with the best overall 
survival outcomes9,49,94. On the basis of the sensitivity 
of patients with trisomic MM to lenalidomide and 
the generally favourable prognosis of such patients, 
we recommend that the standard- of-care therapy for 
patients with trisomic MM should be a lenalidomide- 
containing regimen, such as VRD. First- line treatment 
would consist of VRD for 12 months, followed by lena-
lidomide maintenance therapy in patients not eligible 
for ASCT or, in those eligible for ASCT, by induction 
therapy with VRD and ultimately ASCT and lenalid-
omide maintenance. Regarding ASCT, the standard- 
of-care approach is to perform this procedure early 
after 3–4 cycles of induction, but in light of data from a 
phase III trial88 demonstrating equivalent overall sur-
vival with early ASCT following induction or delayed 
ASCT at the time of first relapse, in this group, we are 
willing to consider a delayed ASCT approach if this is 
the preference of a patient who is eligible for transplant 
and if stem cell cryopreservation is feasible.

MM with t(4;14). At the time of diagnosis, patients 
with t(4;14) MM have a lower tendency to have lytic 
bone lesions than those with other disease subtypes, 
and hence, this subtype might be associated with 
delayed diagnosis25. The t(4;14) subtype of MM is 
associated with an adverse prognosis and is con-
sidered a high- risk subtype in the RISS8. The best 
outcomes in these patients have been seen with the  
use of bortezomib- based regimens and with  
the use of prolonged bortezomib maintenance ther-
apy, although such advantages have not been rep-
licated in all studies21,95,96. In a trial involving 507 
patients with newly diagnosed MM, induction therapy 
with bortezomib and dexamethasone was associated 

Table 3 | Common risk stratification approaches in MM

Staging system Variables Stages

International Staging 
System (ISS)56

Serum albumin and β2m levels • I: serum albumin ≥3.5 g/dl and β2m <3.5 mg/dl
• II: neither stage I nor III
• III: β2m >5.5 mg/dl

Revised International 
Staging System (RISS)8

Serum albumin, β2m, and LDH 
levels, and plasma cell FISH

• I: ISS stage I, LDH normala, and standard- risk disease 
according to FISH

• II: neither stage I nor stage III
• III: ISS stage III plus abnormal LDH or high- risk disease 

according to FISH (del 17p and/or t(4;14) or t(14;16))

International Myeloma 
Working Group (IMWG) 
risk staging5

Serum albumin, β2m, and LDH 
levels, and plasma cell FISH

• Low risk: ISS stage I or II, absence of t(4;14), del 17p13 
and del 1q21, and <55 years of age

• Standard risk: all others
• High risk: ISS stage II or III and either t(4;14) or del 17p13

mSMART risk staging41 Serum albumin, β2m and LDH 
levels, plasma cell FISH, and 
proliferation index

• Standard risk: trisomies and/or t(11;14)
• Intermediate risk: t(4;14) or 1q amplification
• High risk: t(14;16), t(14;20), or del 17p

Gene- expression-based 
signatures59,118–120

• UAMS
• Skyline 92–HOVON
• IFM

Presence of alterations detected by each signature

β2m, β2-microglobulin; del, deletion of; FISH, fluorescence in situ hybridization; IFM, Intergroupe Français du Myélome; LDH, lactate 
dehydrogenase; MM, multiple myeloma; UAMS, University of Arkansas for Medical Sciences.aWithin the expected physiological range.

Box 3 | Commonly used therapeutic agents for the treatment of patients with MM

Immunomodulatory agents
•	FDA-	approved:	thalidomide,	lenalidomide,	and	pomalidomide

•	Tested	in	ongoing	clinical	trials:	quizartinib

Proteasome inhibitors
•	FDA-	approved:	bortezomib,	carfilzomib,	and	ixazomib

•	Tested	in	ongoing	clinical	trials:	marizomib,	and	oprozomib

Histone deacetylase inhibitors
•	FDA-	approved:	panobinostat

•	Tested	in	ongoing	clinical	trials:	ricolinostat

Alkylating agents
•	FDA-	approved:	melphalan,	cyclophosphamide,	and	bendamustine

Steroids
•	FDA-	approved:	dexamethasone,	and	prednisone

Monoclonal antibodies
•	FDA-	approved:	daratumumab,	and	elotuzumab

•	Tested	in	ongoing	clinical	trials:	isatuximab,	and	MOR202

MM,	multiple	myeloma.
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DOUBLE HIT MYELOMA
Walker B et al , Leukemia 2018



No Biallelic loss of TP53 nor 1q gain 
and ISS I or ISS II and age < 65

Biallelic loss of TP53 or
ISS III and 1q amp

Walker et al. Leukemia, 2018
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HIGH RISK

DOUBLE HIT MYELOMA



TP53 Mutations and Bi-allelic Inactivation Define Poor Outcome

Amp1q (>3 copies) Have A Worse Outcome Compared to Gain1q (3 copies) 

DOUBLE HIT MYELOMA

Walker et al. Leukemia, 2018



The “Double Hit” group does not replace previous risk markers identified by
iFISH but rather it identifies a distinct subgroup of patients at particularly high-
risk of early progression and death that are suitable for entry into trials of novel
therapies aimed at improving their outcome.

Given the frequency of other mutational events in NDMM it is unlikely that,
given our current knowledge of the impact and frequency of mutations, the size
of the group will increase substantially unless other driver mechanisms are
identified.

In this context we clearly show that despite the size of the study we are missing
genetic drivers in a substantial proportion of cases. Such mechanisms may be
currently unknown or occur in portions of the genome we have not studied.

DOUBLE HIT MYELOMA

Walker et al. Leukemia, 2018



Mutation Frequencies 
of 63 Driver Genes

Walker et al. Blood 2018



Increasing Number of Driver Alterations Results in Worse Outcome

Walker et al. Blood 2018

Recurrent bi-allelic events in driver genes

Mutation Frequencies 
of 63 Driver Genes



Clustering of Copy Number Data
Identifies Nine Sub-Groups

Walker et al. Blood 2018
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Identification and Molecular Characterization of High-Risk Multiple Myeloma Patients
from the MMRF CoMMpass Study at Diagnosis and Progression

Sheri Skerget 1 , Austin Christofferson 1 , Sara Nasser 1 , Christophe Legendre 1 , Jennifer Yesil 2 , Daniel Auclair 2 , Sagar Lonial 3 , Jonathan Keats 1
1 Translational Genomics Research Institute (TGen), Phoenix, AZ, 2 Multiple Myeloma Research Foundation (MMRF), Norwalk, CT, 3 Emory University, Atlanta, GA

ü Analysis of patients from the MMRF CoMMpass Study with 1143 newly diagnosed myeloma patients.

ü Tumor samples were analyzed using whole genome, exome, and RNA sequencing at diagnosis and each progression event,
and clinical parameters were collected at baseline and every three months through the eight-year observation period.

Skerget et al.  IMW, Boston  2019, 
Multiple Myeloma Genomics 1, AB420

Consensus clustering of RNAseq data from

714 patients at diagnosis identified 12

expression subtypes of myeloma which

generally correspond to known genetic

subgroups.
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The proliferation (PR) subtype comprised 51
patients whose tumors had an array of genetic
backgrounds but converged upon a similar gene
expression profile
(TP53 signalling, Cell cycle, RNA transport)

PR patients had extremely poor OS (median = 21
months, HR = 3.7, 95% CI = 2.5 - 5.6, p<0.001)
outcomes compared to patients in other RNA
subtypes

PR patients were enriched for gain of 1q (p<0.001),
loss of 13q (p<0.001), and bi-allelic loss of MAX
(p<0.01) or RB1 (p<0.001).

Although the PR subtype was enriched for patients
classified as ISS III (p<0.001), 25 were classified as
ISS I or II, highlighting that ISS underestimates
disease severity in nearly half of high-risk patients.

Patients Transition to PR Class at Relapse  

Identification and Molecular Characterization of High-Risk Multiple Myeloma Patients
from the MMRF CoMMpass Study at Diagnosis and Progression

Skerget et al.  IMW, Boston  2019, 
Multiple Myeloma Genomics 1, AB420



13/55 (28%) patients evaluated at several time points progressed to PR group
OS at progression: 88 days

0%

90%

26%

91%

Patients Transition to PR Class at Relapse  

Identification and Molecular Characterization of High-Risk Multiple Myeloma Patients
from the MMRF CoMMpass Study at Diagnosis and Progression

Skerget et al.  IMW, Boston  2019, 
Multiple Myeloma Genomics 1, AB420
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Figure 1. Analysis flow and association of modules with clinical data and early relapse. (a) Description of the analysis flow. Normalized RNA-
Seq data from CoMMpass were used to generate MMNet that consisted of 37 modules of coexpressed genes. Then, module annotation was
carried out by functional enrichment analysis based on hypergeometric tests for overrepresentation of functional gene sets (see Table 3,
Materials and methods, Supplementary Methods and Supplementary Tables for details). Correlation analysis allowed for association of module
activity, as quantified by eigengenes, with clinical traits and genomic alterations. Somatic mutations were obtained by whole-exome
sequencing, whereas CNA and structural variations were obtained by whole-genome sequencing. (b) Selection of 12 clinically relevant MMNet
modules. Modules are groups of genes with maximal coexpression. For improved readability, each module is represented by a circle and
annotated with selected significantly correlated traits and alterations. The edges connecting the modules represent significant correlation
between the expression of the top hub genes in each module. The thickness of the edges is proportional to the correlation of the connected
genes (that is, coexpression). Complete data are given as Supplementary Material. (c) Summary of the most significant and clinically relevant
terms associated with module M9. (d) Kaplan–Meier curve of event-free survival on 446 out of 450 patients from the MMRF cohort for whom
survival data were available. (e) Kaplan–Meier curves of event-free survival in the MMRF cohort stratified by module M9 eigengene.
(f) Selection of significant pathways enriched in module M9.
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ORIGINAL ARTICLE

Integrative network analysis identifies novel drivers of
pathogenesis and progression in newly diagnosed multiple
myeloma
A Laganà1,2, D Perumal3, D Melnekoff1,2, B Readhead1,2,4, BA Kidd1,2,4, V Leshchenko3, P-Y Kuo3, J Keats5, M DeRome6, J Yesil6,
D Auclair6, S Lonial7, A Chari3, HJ Cho3, B Barlogie3, S Jagannath3, JT Dudley1,2,4 and S Parekh3,8

Multiple myeloma (MM) is an incurable malignancy of bone marrow plasma cells characterized by wide clinical and molecular
heterogeneity. In this study we applied an integrative network biology approach to molecular and clinical data measured from 450
patients with newly diagnosed MM from the MMRF (Multiple Myeloma Research Foundation) CoMMpass study. A novel network
model of myeloma (MMNet) was constructed, revealing complex molecular disease patterns and novel associations between
clinical traits and genomic markers. Genomic alterations and groups of coexpressed genes correlate with disease stage, tumor
clonality and early progression. We validated CDC42BPA and CLEC11A as novel regulators and candidate therapeutic targets of
MMSET-related myeloma. We then used MMNet to discover novel genes associated with high-risk myeloma and identified a novel
four-gene prognostic signature. We identified new patient classes defined by network features and enriched for clinically relevant
genetic events, pathways and deregulated genes. Finally, we demonstrated the ability of deep sequencing techniques to detect
relevant structural rearrangements, providing evidence that encourages wider use of such technologies in clinical practice. An
integrative network analysis of CoMMpass data identified new insights into multiple myeloma disease biology and provided
improved molecular features for diagnosing and stratifying patients, as well as additional molecular targets for therapeutic
alternatives.

Leukemia (2018) 32, 120–130; doi:10.1038/leu.2017.197

INTRODUCTION
Multiple myeloma (MM) is a complex malignancy arising from
bone marrow plasma cells, and 30 000 new cases are reported
every year in the United States.1,2 MM exhibits broad hetero-
geneity in clinical presentation, molecular features and treatment
response among patients. At the molecular level, MM is
characterized by genomic instability including hyperdiploidy,
deletion of chromosomes 13 and 17 and a variety of translocation
events involving oncogenes such as MAF (musculoaponeurotic
fibrosarcoma oncogene homolog), MMSET (multiple myeloma SET
domain) and cyclin D1–3, leading to their overexpression.3,4

Somatic mutations in oncogenic pathways and other secondary
genetic events contribute to disease progression.
The MMRF (Multiple Myeloma Research Foundation) CoMMpass

study is a longitudinal, prospective observational study started in
2011 that aims to collect and analyze sequencing and clinical data
from 41000 MM patients at initial diagnosis and relapse.5 Data
from CoMMpass provide a unique opportunity to understand the
molecular heterogeneity of MM at high resolution, improve
patient stratification and explore relationships between genomic
patterns and clinical characteristics of MM with treatment
outcome. The IA7 release of CoMMpass consists of RNA

sequencing (RNA-seq), whole-exome sequencing (WES) and
whole-genome sequencing (WGS) data from over 400 patients.
In order to generate new insights into MM biology, improve

patient stratification and identify possible therapeutic alternatives,
we generated MMNet, an integrated network of MM incorporating
RNA-seq, WES, WGS and clinical data from CoMMpass IA7. To our
knowledge, MMNet represents the first network model of MM. Our
analysis identified patterns of genomic alterations and gene
coexpression correlating with disease stage, tumor clonality and
early progression. We provide a comprehensive landscape of the
genomic alterations associated with changes in gene expression.
We leveraged novel patterns of gene expression in MMNet to
identify high-risk MM at diagnosis and to discover three new
patient classes characterized by recurrent genetic events with
potential clinical implications.
Our results demonstrate the clinical implications of employing

integrated network models to prioritize functional genomic
alterations, identify novel disease drivers and prognostic features
and improve patient classification in MM (Table 1). Furthermore,
we provide MMNet and associated data analyses as resources for
the cancer research community.
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Figure 1. Analysis flow and association of modules with clinical data and early relapse. (a) Description of the analysis flow. Normalized RNA-
Seq data from CoMMpass were used to generate MMNet that consisted of 37 modules of coexpressed genes. Then, module annotation was
carried out by functional enrichment analysis based on hypergeometric tests for overrepresentation of functional gene sets (see Table 3,
Materials and methods, Supplementary Methods and Supplementary Tables for details). Correlation analysis allowed for association of module
activity, as quantified by eigengenes, with clinical traits and genomic alterations. Somatic mutations were obtained by whole-exome
sequencing, whereas CNA and structural variations were obtained by whole-genome sequencing. (b) Selection of 12 clinically relevant MMNet
modules. Modules are groups of genes with maximal coexpression. For improved readability, each module is represented by a circle and
annotated with selected significantly correlated traits and alterations. The edges connecting the modules represent significant correlation
between the expression of the top hub genes in each module. The thickness of the edges is proportional to the correlation of the connected
genes (that is, coexpression). Complete data are given as Supplementary Material. (c) Summary of the most significant and clinically relevant
terms associated with module M9. (d) Kaplan–Meier curve of event-free survival on 446 out of 450 patients from the MMRF cohort for whom
survival data were available. (e) Kaplan–Meier curves of event-free survival in the MMRF cohort stratified by module M9 eigengene.
(f) Selection of significant pathways enriched in module M9.
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Identification of groups of coexpressed genes significantly correlated with clinical traits and genomic alterations.

Module 9 is correlated with early relapse (< 2 years) and traits associated with high-risk and aggressive MM

Alessandro Laganà et al Leukemia, 2018



Clinical and Biological Early Relapse Predictors in Multiple Myeloma: 
An Analysis from the MMRF CoMMpass Study

Mattia D’Agostino,1,2 Gian Maria Zaccaria,1 Bachisio Ziccheddu,3 Elisa Genuardi,1 Francesco Maura,4 Stefania Oliva,1 Daniel 
Auclair,5 Jennifer Yesil,5 Andrea Capra,1 Paola Colucci,1 Marco Poggiu,1 Jonathan Keats,6 Alessandra Larocca,1 Manuela Gambella,1
Niccolò Bolli,3 Mario Boccadoro,1 Francesca Gay1
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6. Translational Genomics Research Institute (TGen), US-AZ

• Characterize patients with early relapse (relapse ≤18 months from start of 
therapy) after first line therapy with IMiDs and/or 1st-2nd generation PIs

• Define baseline clinical and biological features predicting early relapse

• Addressing the role of different therapy in reducing the risk of early relapse
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• MMRF CoMMpass study: 1151 MM patients enrolled
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• Mixed real-world + clinical trial population.
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Risk of early relapse

OR: odds ratio; IgL: immunoglobulin lambda chain; LDH: lactate dehydrogenase; V: Bortezomib; d: low dose dexamethasone; chemo: conventional chemotherapy; R: lenalidomide; K: Carfilzomib; ASCT: 

autologous stem cell transplantation. CT: continuous therapy; FDT: fixed duration of therapy; IMiDs: immunomodulatory drugs; PIs: proteasome inhibitors. Analysis is adjusted for missing values within each

variable.

Univariate analysis (p<0.15)

Multivariate logistic regression

All variables

n = 14

n = 40

n = 9

Final model
0.01 1 9.27

TP53
3.75 (1.43 - 9.27) 0.01

3.13 (1.34 - 7.01) 0.01

2.23 (1.03 - 4.65) 0.04

2.12 (1.20 - 3.69) 0.01

1.61 (0.90 - 2.83) 0.10

1.37 (0.49 - 3.53) 0.53

0.42 (0.10 - 1.56) 0.22
0.96 (0.52 - 1.78) 0.91
1.26 (0.51 - 3.01) 0.61
0.56 (0.20 - 1.45) 0.25
0.15 (0.03 - 0.58) 0.02

0.07 (0.01 - 0.47) <0.01

0.58 (0.31 - 1.08) 0.08
0.52 (0.22 - 1.17) 0.12
0.34 (0.12 - 0.84) 0.03

0.27 (0.16 - 0.45) <0.01

OR (95% CI) p-value

Favors Lower early relapse risk Favors Higher early relapse risk

TP53
Yes vs No

LDH
Yes vs No

IgL translocations
Yes vs No

IGLL5  mutations
Yes vs No

Gain 1q
Yes vs No

Amp 1q
Yes vs No

Induction
Other vs VRd

Vd vs VRd
Rd vs VRd
K-based vs VRd

Clinical trial enrollment
Yes vs No

CT
IMiDs CT vs FDT
Pis CT vs FDT
IMiDs +PIs CT vs FDT

ASCT
Yes vs No

V+chemo tripletes vs VRd

Risk of early relapse: Multivariate analysis

Univariate analysis (p<0.15)

Multivariate logistic regression

All variables

n = 16

n = 36

n = 8

Final model

0.1 1 7.85

ASCT

Yes vs No 0.29 (0.18 - 0.46) <0.01

Clinical trial enrollment

Yes vs No 0.35 (0.10 - 1.46) 0.12

Induction

K-based vs VRd 0.36 (0.10 - 1.04) 0.08

Rd vs VRd 0.65 (0.30 - 1.33) 0.25

Vd vs VRd 0.68 (0.35 - 1.30) 0.25

V+chemo tripletes vs VRd 0.93 (0.56 - 1.52) 0.77

Other vs VRd 1.06 (0.40 - 2.68) 0.90

Continuous treatment

Yes vs No 0.51 (0.30 - 0.88) 0.01

Amp(1q21)

Yes vs No 1.56 (1.05 - 2.33) 0.03

IGLL5 nsSNV/Indel

Yes vs No 1.73 (1.06 - 2.77) 0.03

LDH

High vs Normal 2.23 (1.08 - 4.48) 0.03

TP53 nsSNV/Indel

Yes vs No 3.63 (1.66 - 7.85) <0.01

OR (95% CI) p-value

Lower early relapse risk Higher early relapse risk

V: bortezomib; R: lenalidomide; d: dexamethasone; 

K: Carfilzomib; ASCT: autologous stem cell transplantation; 



TP53 but not Del(17) is an indipendent predictor of early relapse

No TP53/Del(17)
86%
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Diagnosis 1st relapse
0.0
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TP53 longitudinal

IGLL5 longitudinal
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F
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F

n = 7

n = 11
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ü A total of 307 NDMM patients with baseline FISH information and ISS staging who received at least 4 cycles of treatment.
ü According to the IMWG 2016 consensus, 1q gain, del(17p), t[4;14], and t[14;16] were defined as HRCA. 
ü DHMM was defined as co-occurrences of either a) >= 2 HRCAs or b) at least 1 HRCA plus ISS stage III.

FP-022: The adverse double-hit effect of combining cytogenetic abnormalities and ISS stage III
on the outcome of patients with newly-diagnosed multiple myeloma 

Fengyan Jin 1 , Shaji Kumar 2 , Yun Dai 1  
1 The First Hospital of Jilin University, Changchun, Jilin,  2 Mayo Clinic, Rochester, MN 

ØShorter PFS and OS in cases carrying >= 2 HRCAs compared with those carrying only 1 HRCA
[median PFS: 12.1 versus 32.2 months (p = 0.0004); median OS: 29.3 versus 65.6 months (p = 0.027)]

ØShorter PFS and OS in cases carrying 1 HRCA plus del(13q14) compared with those carrying only 1 HRCA
[median PFS: 19.1 versus 32.2 months (p = 0.046); median OS: 29.6 versus 65.6 months (p = 0.055)]

ØShorter PFS and OS in cases carrying 1q gain plus >=1 additional HRCA compared with those carrying only 1q 
gain  [median PFS: 11.2 versus 30.1 months (p = 0.0009); median OS: 18.9 versus 65.6 months (p = 0.0008)]

ØShorter PFS and OS in cases carrying both 1q gain and del(17p) compared with those carrying either 1q gain or 
del(17p) alone, respectively

ØShorter PFS and OS in ISS III cases carrying >= 1 HRCAs compared to those without HRCA
[median PFS: 13.2 versus 21 months (p = 0.032; median OS: 15.2 versus 43.8 months (p = 0.057] 

ØShorter PFS and OS in ISS III cases carrying both 1q gain and del(17p) compared to those with only one of 
these two HRCA (median PFS: 2.3 versus 15.8 months; median OS: 4.5 versus 24.5 months)



ü A total of 307 NDMM patients with baseline FISH information and ISS staging who received at least 4 cycles of treatment.
ü According to the IMWG 2016 consensus, 1q gain, del(17p), t[4;14], and t[14;16] were defined as HRCA. 
ü DHMM was defined as co-occurrences of either a) >= 2 HRCAs or b) at least 1 HRCA plus ISS stage III.

FP-022: The adverse double-hit effect of combining cytogenetic abnormalities and ISS stage III
on the outcome of patients with newly-diagnosed multiple myeloma 

Fengyan Jin 1 , Shaji Kumar 2 , Yun Dai 1  
1 The First Hospital of Jilin University, Changchun, Jilin,  2 Mayo Clinic, Rochester, MN 

Ø Shorter PFS and OS in cases carrying >= 2 HRCAs compared with those carrying only 1 HRCA
[median PFS: 12.1 versus 32.2 months (p = 0.0004); median OS: 29.3 versus 65.6 months (p = 0.027)]

Ø Shorter PFS and OS in cases carrying 1 HRCA plus del(13q14) compared with those carrying only 1 HRCA
[median PFS: 19.1 versus 32.2 months (p = 0.046); median OS: 29.6 versus 65.6 months (p = 0.055)]

Ø Shorter PFS and OS in cases carrying 1q gain plus >=1 additional HRCA compared with those carrying only 1q gain
[median PFS: 11.2 versus 30.1 months (p = 0.0009); median OS: 18.9 versus 65.6 months (p = 0.0008)]

Ø Shorter PFS and OS in cases carrying both 1q gain and del(17p) compared with those carrying either 1q gain or del(17p) 
alone, respectively

[PFS: p = 0.008 or p = 0.001; OS: p = 0.001 or p = 0.006]

Patients either carrying two or more HRCA or at ISS III stage with at least one HRCA (DHMM)
have significantly worse outcome (both PFS and OS)

than those carrying only one HRCA or at ISS III stage, respectively.

Ø Shorter PFS and OS in ISS III cases carrying >= 1 HRCAs compared to those without HRCA
[median PFS: 13.2 versus 21 months (p = 0.032; median OS: 15.2 versus 43.8 months (p = 0.057] 

Ø Shorter PFS and OS in ISS III cases carrying both 1q gain and del(17p) compared to those with only one of these two HRCA
(median PFS: 2.3 versus 15.8 months; median OS: 4.5 versus 24.5 months)



Synthetic lethality in multiple myeloma harboring 
double oncogenic hits of 17p13(del) and 1q21(amp)        OAB-076
Phaik Ju Teoh 1 , Tae-Hoon Chung 1 , Omer An 1 , Pamela Chng 1 , Anand Jeyasekharan 2 , He Yang 1 , Wee Joo Chng 3  
1 National University of Singapore, Singapore, Singapore,  2 National University Cancer Institute, Singapore, Singapore, Singapore,  3 National University 
Health System, Singapore, Singapore 

RESULTS
Cell lines with DH chromosomal lesions were more sensitive to the pharmacological inhibition of CHK1 as compared to
single abnormalities, showing increased amount of unrepaired DSB , cell cycle progression and increased apoptosis.

ü ADAR1 is a critical gene within 1q21 involved in RNA editing events on NEIL1 (base-excision repair- BER) 
gene causing  defective single stranded DNA breaks (SSB) repair, resulting in CHK1 activation. 

ü CHK1 is a DNA damage marker, overexpressed in DH MM patients according to CoMMpass dataset, 
suggesting that is could be considered a good therapeutic target in these patients

AIMS
to elucidate how p53 and NEIL1 aberrancy has potential collaborating role in affecting DNA damage response and their
sensitivity to CHK1 inhibitor to identify novel biomarkers for patients with the double oncogenic hits.

Could genomic instability serve as the Achilles heel in DH MM patients?

ü TP53 maintains the genomic integrity by keeping the double stranded DNA damage (DSB) pathway in check. 
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TRIPLE HIT MYELOMA  ?
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