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Genomics: The answer to personalized 
treatment strategies? 



ÅAll cancers derive from single cells that have acquired the
characteristicsof continuallydividingin anunrestrainedmanner.

ÅCancercellsbehavein this abnormalmannerbecauseof changesin
the DNAsequenceof keygenes,whichareknownascancergenes.

Cancer: A Disease of the Genome



The Human Genome

ÅIt contains~ 3 billion bp of DNAand is divided into 46 individual
double-strandedDNAmolecules.
ÅThegenomeisreplicatedanddividedwith highfidelity.
ÅIn 2001the first draft of the humangenomewasavailable. It cost~ 3

billion dollarsanddid it ~13yearsto besequenced.



Cancer:A Disease of the Genome

Karyotype illustrating structural abnormalities in cancer 



Mutations & cancer genes  

ïMutation 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)

Å 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.

Å 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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Importance of somatic DNA 
changes in human cancer
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Only5ς10%of cancercaseshavea clearhereditarycomponent(BRCA1 and BRCA2
in breastcancer)

Evenin those caseswhere susceptibilityis clearly inherited, somatic changesare
requiredfor cancerto develop.

An individual'srisk of developingcancerdependson many factors, includingage,
lifestyleandgeneticmake-up



Multiple Myeloma
ÇMultiple Myeloma(MM) isanheterogeneousdisease

ÇMM ischaracterizedby a complexmolecularpathogenesis

Recurrent Chromosomal aberrations in Myeloma
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CorreJ et al. Blood 2015

Plasma cell biology and myeloma initiation





Goals of 
Cancer Genome Research

üIdentify changes in the genomes of tumors that drive 
cancer progression

üIdentify new targets for therapy

üSelect drugs based on the genomics of the tumor

Challenge in Treating Cancer:

üEvery tumor is different

üEvery cancer patient is different



Prevalence of Somatic Mutations 
across Human Cancers

Alexandrovet al, Nature 2013
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Precision Medicine:
Science Serving Patients



Personalized medicine takes into account individual genetic 
differences

ÅTraditionally, doctors used:

ïFamily history

ïSocioeconomic circumstances

ïEnvironmental factors

ÅNow: 

ïgenomic/genetic testing

ïproteomic profiling

ïmetabolomicanalysis (study metabolites)
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All patients with the same 
diagnosis receive same 

treatment

Precision Medicine 
Approach

Treatment strategy based 
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Targeted Therapy

Genetic Profile B
Standard Therapy

Precise Treatment Approach Based on 
Molecular Features

ÅBiologicdiversityprovidesopportunitiesfor exploitationof interpatient tumour heterogeneity
by ungrouping a population into molecularly defined subsets in which mutations and/or
abnormalgeneexpressionsdrivecancercellgrowth andsurvivalandcanserveasdrugtargets.

ÅTreatmentdecisionsmadebasedon tumour phenotypeand genomicprofile hold the promise
to maximizeefficacyandminimizetoxicity.



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?

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

ω Identify and validate novel druggabletargets:

Å 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

Å Reduced cost ~ 1500 per exome or RNAseq

Å 24 ς36h processing time: from RNA /DNA 
extraction to aligned genomic sequences
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Southern Alberta  Multiple Myeloma Society



Lohret al. Cancer Cell, 2014,25: 91 ς101
Chapman et al. Nature 2011

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

ÅMyeloma genome is heterogeneous across patients and within the same patient overtime
Å~ 30 mutations per myeloma coding genome
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Widespread Genetic Heterogeneity in Multiple Myeloma

Lohret al. Cancer Cell, 2014,25: 91 - 101

BolliN et al, Nature communications Jan 16, 2014


