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Genomics: The answer to personalized 
treatment strategies? 



• All cancers derive from single cells that have acquired the
characteristics of continually dividing in an unrestrained manner.

• Cancer cells behave in this abnormal manner because of changes in
the DNA sequence of key genes, which are known as cancer genes.

Cancer: A Disease of the Genome



The Human Genome

• It contains ~ 3 billion bp of DNA and is divided into 46 individual
double-stranded DNA molecules.

• The genome is replicated and divided with high fidelity.
• In 2001 the first draft of the human genome was available. It cost ~ 3

billion dollars and did it ~13 years to be sequenced.



Cancer: A Disease of the Genome

Karyotype illustrating structural abnormalities in cancer 



Mutations & cancer genes  

– Mutation is a change in the DNA sequence of key genes, which are known as 
cancer genes. (Tumour suppressor genes: normally function to PREVENT cell 
growth/division. Oncogenes : normally function to PROMOTE cell 
growth/division)

• Mutations in some cancer genes can be inherited from parents, in which case they 
are present in every cell of the body.  Such people are at a higher risk of developing 
cancer.

• Somatic mutations can occur in any of the cells of the body except the germ cells 
(sperm and egg) and therefore are not passed on to children. 
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Normal DNA
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Importance of somatic DNA 
changes in human cancer

Somatic

Inherited

Both

Only 5 –10% of cancer cases have a clear hereditary component (BRCA1 and BRCA2
in breast cancer)

Even in those cases where susceptibility is clearly inherited, somatic changes are
required for cancer to develop.

An individual's risk of developing cancer depends on many factors, including age,
lifestyle and genetic make-up



Multiple Myeloma
Multiple Myeloma (MM) is an heterogeneous disease

MM is characterized by a complex molecular pathogenesis

Recurrent Chromosomal aberrations in Myeloma



 
§ FISH 

§  Del 17p 
§  t(14;16) 
§  t(14;20)    

§ GEP  
§ High risk 

signature  
 

 

All others including: 

§   Hyperdiploid 

§   t(11;14)*** 

§   t(6;14) 

§ FISH 
§  t(4;14)* 
 

§ Cytogenetic 
Deletion 13 or 
hypodiploidy 

§ PCLI > 3% 
 

High-Risk 20% Intermediate-Risk 20% Standard-Risk 60% ** 

* Prognosis is worse when associated with high beta 2 M and anemia 
** LDH >ULN and beta 2 M > 5.5 in standard risk may indicate worse  prognosis 
*** t(11;14) is associated with plasma cell leukemia 

3 years                 4-6 years      7-10 years 
 

MM Genomic Aberrations and Risk Groups  

mSMART 2.0 classification of MM ~ Mayo clinic 



Corre J et al. Blood 2015

Plasma cell biology and myeloma initiation





Goals of 
Cancer Genome Research

 Identify changes in the genomes of tumors that drive 
cancer progression

 Identify new targets for therapy

 Select drugs based on the genomics of the tumor

Challenge in Treating Cancer:

 Every tumor is different

 Every cancer patient is different



Prevalence of Somatic Mutations 
across Human Cancers

Alexandrov et al, Nature 2013
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Precision Medicine:
Science Serving Patients



Personalized medicine takes into account individual genetic 
differences

• Traditionally, doctors used:

– Family history

– Socioeconomic circumstances

– Environmental factors

• Now: 

– genomic/genetic testing

– proteomic profiling

– metabolomic analysis (study metabolites)



Traditional “One-Size-Fits 
All” Approach

All patients with the same 
diagnosis receive same 

treatment

Precision Medicine 
Approach

Treatment strategy based 
on patient’s unique 

genetic profile

Genetic Profile A
Targeted Therapy

Genetic Profile B
Standard Therapy

Precise Treatment Approach Based on 
Molecular Features

• Biologic diversity provides opportunities for exploitation of interpatient tumour heterogeneity
by ungrouping a population into molecularly defined subsets in which mutations and/or
abnormal gene expressions drive cancer cell growth and survival and can serve as drug targets.

• Treatment decisions made based on tumour phenotype and genomic profile hold the promise
to maximize efficacy and minimize toxicity.



Cell 2011 144, 646-674DOI: (10.1016/j.cell.2011.02.013) 

Hallmarks of Cancer:
Therapeutic Implications



Target Agent

CS-1 Elotuzumab

CD38 Daratumumab
SAR650981

CD138 BT-062+Maytansinoid

HDAC-6 Ricolinostat

KSP-1 Filanesib

XPO-1 Selinexor

AKT3 Afuresertib

PIM kinase LGH447

B-RAF Vermurafenib

FGFR3 PD173074

BCL-2 Venetoclax

Targeted therapies in Myeloma



Is Genomics-driven precision medicine in Myeloma feasible?

• Understand the biology of the disease and mechanisms of drug resistance.

• Identify and validate novel druggable targets:

• Develop agents that target the malignant myeloma cell instead of the 
normal plasma cell.

Ultimately, develop personalized therapy  n=1 ?



Myeloma Genomics Unit in Calgary: ION PROTON SEQUENCER

• Reduced cost ~ 1500 per exome or RNAseq

• 24 – 36h processing time: from RNA /DNA 
extraction to aligned genomic sequences

Patient Bone marrow 

aspiration

CD138+ MACS 

separation

Plasma cell 

DNA/RNA  

isolation

Whole Exome/ Genome 

Sequencing, RNASeq

Southern Alberta  Multiple Myeloma Society



Lohr et al. Cancer Cell, 2014,25: 91 – 101
Chapman et al. Nature 2011

Genomic studies in Myeloma have identified 
recurrent  genes mutations and altered pathways 

• Myeloma genome is heterogeneous across patients and within the same patient overtime
• ~ 30 mutations per myeloma coding genome

A



Widespread Genetic Heterogeneity in Multiple Myeloma

Lohr et al. Cancer Cell, 2014,25: 91 - 101

Bolli N et al, Nature communications Jan 16, 2014



Multiple clones in Myeloma

Cancer with 

re-established 

subclonal diversity.

Includes new, potentially 

more aggressive clones 

(i.e., del(17p) +ve).1-4

Clonal Evolution:

Dormant cells within 

subclones survive, 

while remaining cells 

are lost.

New clones may 

emerge.1-4

Selective pressure 

from treatment gives 

an advantage to 

certain clones.1-4

1. Keats et al, Blood. 2012;120:1067-76; 2. Egan et al, Blood. 2012;120:1060-66; 3. Walker et al. Blood. 2012;120:1077-86;4. Bahlis NJ. Blood. 2012;120:927-8.

• Multiple myeloma is characterized by the presence of several clones co-existing in the bone 
marrow at the time of diagnosis. 

• The treatment should aim to kill all clones and prevent clonal evolution.



Models of myeloma evolution and therapeutic implications:
Why Combination therapy is better? 

Single agent or 
sequential 
therapy

“Competitive release effect” in bone 
marrow niches resulting from 

suboptimal therapy with expansion 
of minor clones



Combination therapies more effectively eradicate 
minor clones



Clonal Evolution and Selective Pressures of Therapeutic Interventions

Clone 1.1

Clone 1.2

Clone 2.1

Clone 2.2

Misc

Diagnosis

~ 2N

Remission

~ 2N
Relapse 1

~ 2N

Relapse 2

~ 2N

Relapse 3

~ 2N

Plasma cell leukemia ~ 3N Relapse 4

~ 3N

clg-high

37%

clg-high

66%

clg-low

34% clg-low

63%

72%

11%

10%

31%
64%

64%

21%

9%

19%

58%

71%

17%

78%95%

96%
96%

Keats et al, Blood. 2012;120:1067-76

– Retreatment with previously
administered drugs.

– Combination regimens need to be
considered given that intra-clonal
heterogeneity is the basis for disease
progression, treatment resistance
and relapse.

– Role of maintenance therapy



Continuous therapy is emerging as a 
strategy in the treatment of rrMM

Adapted from: Roschewski M, et al. 2013

high

low Residual Disease



Mulligan G. et al. Blood. 2014;123:632-9

Genomics to identifying Biomarkers to individualize therapy B



Andrulis M et al. Cancer Discov. 2013;3:862-9.

Genomics to identifying druggable mutationsB



Identifying druggable mutations

57 yo female, IgA Lambda multiple myeloma, Stage II (albumin 31, beta2-microglobulin 2.48), 
diagnosed September 13, 2010: 
• BM 50% plasma cells. FISH no del13q, no del17p, and no t(4;14) (done in SK)
• SPEP IgA lambda 15.7 g/L and UPEP M-protein 133.6 mg/24 h.  
• Skeletal survey with MRI of the spine with compression fracture at T11 and L5, and L3.

TREATMENT HISTORY:
1. CYBOR-D x 7 cycles, started November 02, 2010, achieving nCR on January 04, 2011, and 

normal BM. 
2. Stem cell mobilization with cyclophosphamide and G-CSF. 
3. ASCT with Velcade and melphalan (200 mg/m2) February 24, 2011, achieved near CR.
4. Revlimid maintenance 10-15 mg q21 days started on July 8, 2011. Relapsed disease July 

13, 2013.
5. Revlimid + Dex (increases Len to 25 mg and added dex 20 mg weekly), no response. BM 

90% PCs. FISH del17p in 42%. 
6. Velcade, Revlimid and dex with Velcade at 1.5 mg/m2 weekly, October 16, 2013. x 1 

cycle, treatment held due to fever likely paraneoplastic fevers and progressive disease.
7. VCD: Velcade (1.5 mg/m2 weekly) with cyclo (300 mg/m2 weekly) and dex, cycle 01 Nov 

14, 2013. Achieved a PR. Progressive disease (PD) as of Feb 3, 2014 with sFLC lambda up 
to 2270 mg/L and proteinuria up to 4.6g/24h. 



FGFR3 K650E A Druggable mutation

Exome
CD138+

Exome
CD138-
(PB)

RNAseq
CD138+



Test Result Ref. Range (Units) Abnormality: FISH Addendum Report ADDENDUM REPORT
Collected Date/Time: 2013-10-15 12:30
Specimen Received Date/Time: 2013-10-15 13:52
Specimen Type: Bone Marrow
Clinical Information: IgA lambda myeloma ?relapse

*****FLUORESCENT IN-SITU HYBRIDIZATION ANALYSIS*****
*ADDENDUM*

DIAGNOSIS: FISH for t(4;14): 84.0% ABNORMAL
INTERPRETATION:
Of the scoreable nuclei examined for FGFR3 and IGH probes 84.0% have atypical signal patterns consistent with the 
presence of t(4;14) and with evidence of clonal evolution.
As this testing was performed on whole bone marrow aspirate it is directly comparable with that performed on the sample 
of September 22, 2010 (Saskatoon Health Region cytogenetics report BM10-861) and represents the subsequent 
development of a clone with t(4;14).

FISH nomenclature (major population): nuc ish(FGFR3>4,IGH>4)(FGFR3 con IGH>4)[87/200]
REASON FOR ADDENDUM
This addendum is issued to report the results of FISH analysis.

Reported:2014/02/07
Comments:
Methods and Results:
PROBE: t(4;14)(FGFR3;IGH)
SOURCE: Abbott TYPE: dual fusion #NUCLEI: 200 ABN PATTERN: >2F
% ABN: 80.5 NORMAL CUT-OFF: not established for atypical pattern



Case #1: Identifying druggable mutations
57 yo female, IgA Lambda multiple myeloma, Stage II (albumin 31, beta2-microglobulin 2.48), diagnosed 
September 13, 2010: 
• BM 50% plasma cells. FISH no del13q, no del17p, and no t(4;14) (done in SK)
• SPEP IgA lambda 15.7 g/L and UPEP M-protein 133.6 mg/24 h.  
• Skeletal survey with MRI of the spine with compression fracture at T11 and L5, and L3.

TREATMENT HISTORY:
1. CYBOR-D x 7 cycles, started November 02, 2010, achieving nCR on January 04, 2011, and normal BM. 
2. Stem cell mobilization with cyclophosphamide and G-CSF. 
3. ASCTwith Velcade and melphalan (200 mg/m2) February 24, 2011, achieved near CR.
4. Revlimid maintenance 10-15 mg q21 days started on July 8, 2011. Relapsed disease July 13, 2013.
5. Revlimid + Dex (increases Len to 25 mg and added dex 20 mg weekly), no response. BM 90% PCs. 

FISH del17p in 42%. 
6. Velcade, Revlimid and dex with Velcade at 1.5 mg/m2 weekly, October 16, 2013. x 1 cycle, 

treatment held due to fever likely paraneoplastic fevers and progressive disease.
7. VCD: Velcade (1.5 mg/m2 weekly) with cyclo (300 mg/m2 weekly) and dex, cycle 01 Nov 14, 2013. 

Achieved a PR. Progressive disease (PD) as of Feb 3, 2014 with sFLC lambda up to 2270 mg/L and 
proteinuria up to 4.6g/24h. 

MY2002 trial with Daratumumab cycle 1 day 1 Feb 20, 2014. Central lab: beta-2 3.9; 
Alb 22; SPEP 1 g/L; sFLC kappa < 0.5 mg/L; Lambda 2980 mg/L; R < 0.1; UPEP pending. 
BM 87% PCs. FISH from Oct 2013, t(4;14) 84%  and del17p in 42% 

** Application to access FGFR3 inhibitor from Novartis (n=1 trial)



Even in complete response, residual disease remains

Genomics to assess Mininal Residual DiseaseC

Techniques currently available in the 
clinic can detect up to an sCR

Residual Disease: Disease remaining after anti-myeloma treatment.
Minimal Residual Disease: A tiny amounts of cancer remaining after treatment 
detected by using highly sensitive techniques

More sensitive techniques (flow and NGS) 
define MRD – these may move to the clinic 
in the future 



• Patients with CR who are MRD- have longer TTP and OS.

Median 80 m

Median
45 m

Median 27 m

0.003

0.002

<0.001

MRD-
(<10-5) 
MRD+ 
(10-3 to 10-5) 
MRD+ 
(>10-3) 

Median NR

Median NR

Median 55 m

0.3

0.002
0.002

NGS MRD negative disease correlates with prolonged OS

Martinez-Lopez et al. Blood 2014;123:3073-3079

• Achieving the deepest response= a minimal residual disease negative (MRD-) status 
in myeloma should always be the key therapeutic target in treating multiple 
myeloma.



RNAseq and Minimal Residual Disease (MRD)
IgH_clonality.sh, J. Keats TGEN

DIAGNOSIS Post Induction
(VD x 5)

Post ASCT

SPEP: 51.7 g/L  
BM 80%PCs

SPEP: normal IFE +
BM 2% PCs

SPEP: normal IFE -, sFLC normal
BM 3% PCs polyclonal by FCM

DIAGNOSIS Post Induction
(VD x 5)

Post ASCT

SPEP: 51.67 g/L  
BM 43%PCs

SPEP: 11g/L
BM 4% PCs

SPEP: normal IFE +
BM 2% PCs polyclonal by FCM



The evolving role of IMiDs
Thalidomide Lenalidomide Pomalidomide 

Glutarimide ring Phtalimide moiety 

Genomics to evaluate mechanisms of drug resistanceD

• The immunomodulatory drugs (IMiDs) such as thalidomide, lenalidomide and pomalidomide exert
significant activity in the treatment of Multiple Myeloma.

• They have similar structure but functionally different. Pomalidomide has potent anti-tumor activity
and can overcome some causes of resistance to Lenalidomide.



Immunomodulatory
Effects

↑IFN-g

IMiDs have two major mechanisms of action

NK
T

IMiDs

T
NK

↑IL-2

T

• Activated and expanded 

immune cells trigger myeloma 

cell apoptosis4

• Increases number 

and function of NK 

cells and T cells4-6

• Activates immune cells 

and increase cytokines 

production5-7

T

T

T NK

NK

NK

• Induces tumor cell 

apoptosis1-3

• Disrupts stromal cell 

support4

1. Sehgal K, et al. Blood. 2015; 
2. Dimopoulos MA, et al. Blood Cancer J. 2014; 
3. Bjorklund CC, et al. Blood Cancer J. 2015; 
4. Kotla V, et al. J Hematol Oncol. 2009; 5. 
Borrello I. Leuk Res. 2012; 
6. Hayashi T, et al. Br J Haematol. 2005; 
7. Brissot E, et al. Leukemia. 2015.

Direct Tumouricidal
Effects

Mechanisms of IMIDs resistance in MM are not fully understood

The IMiD backbone synergizes with monoclonal antibodies,
proteasome inhibitors, and checkpoint inhibitors.



Neri P et al. Blood 2012,120:931

CRBN protein expression levels (n=42)

Loss or decreased CRBN expression level is associated 
with resistance to Lenalidomide

qRT-PCR of CRBN mRNA (n=24)
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CRBN mRNA levels in 21 paired samples
pre- and post-IMIDs at the  time of disease progression

7/21      CRBN mRNA transcript between pre- and post-Len pairs
14/21    or no change in CRBN mRNA transcript levels

Neri P et al. Blood 2013

• Resistance to IMIDs may still develop in patients  with retained CRBN expression
• Post-transcriptional modification of CRBN or other downstream substrates are involved in the 

resistance to IMIDS
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exon10exon11

11              10      9 8      7               6                                                          5                 4          3         2                                   
1

11                        9 8      7               6                                                          5               4          3         2                                   
1

CRBNΔ10

IMIDs binding domain
Exon10: 1047-1178
Exon11: 1179-2591 

DDB1 binding domain
Exon5-7

Genomic analysis of paired pre- and post-IMIDs samples identifies a splice 
variant of CRBN lacking Exon 10 (CRBNΔ10) as involved in resistance to IMiDs

CRBN FL



Summary mechanisms of resistance to IMiDs in Myeloma: 

Potential biomarkers

Mechanisms of resistance to IMiDs:

• Low baseline or loss of CRBN expression 

• Splicing of CRBN exon10, splicing of IMIDs binding domain.

• Low baseline IKZF1 levels or mutation / splicing in IKZF1 degron

• Myc rearrangements 

• Loss of interferon response

Predictive biomarkers of IMiDs response:

• Dynamic assay to measure CD147 / MCT1 pre- and post-IMiDs by FCM

• Dynamic assay to measure T / NK cell activation and cytokine

• NGS based assay:

• CRBN mRNA expression levels and ratio CRBND10/CRBN-FL.

• Myc rearrangements: enhancer partner at baseline or at relapse

• CRBN, CUL4A/4B, IKZF1/3 (?) SNVs



Understand the biology of the disease

Identify and validate novel druggable targets (BRAF, FGFR3) based on genetic
profile of tumor cells

Identify minimal residual disease (MRD)

Elucidate mechanisms of drug resistance

Continued advancement of biomarker-driven precision medicine is challenged by the
genetically complexity of tumours and paucity of validated, actionable mutations
and access to novel therapeutics (n=1).

Advances in genome technology and their increased use in translational research
and clinical development holds the promise of improving our current understanding
of cancerogenesis and advancing personalized cancer treatment.

Summary of Genomic studies in Multiple Myeloma 
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