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Multiple myeloma (MM): 

Involves cells of the 

Immune system,  

“Holes” in the bone,

Abnormal protein in blood 

and/or urine. 

Always described as “monoclonal” (one clone)

Plasma cells (myeloma cells) cause nearly 

all of the symptoms



B Lineage Development: Malignant Cells 

and their Non-Malignant Counterparts 
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MM is more complex than previously imagined:

Some patients have more than one clone



MM Clone 1                                                       MM  Clone 2

Two clones in different locations, different genetic 

abnormalities, both persist during therapy, both highly

frequent in the bone marrow.

Both likely to be clinically important

Inter-Clonal Diversity: Multiple Distinct Clones



Defining a cancer stem cell

1. Able continuously replenish 

the malignant clone -

wolves in sheep’s clothing??

2. Exhibits self renewal

3.   Dormant and  drug resistant

4.   MM is a complex population of

multiple differentiation stages

MM remains incurable: MM cancer stem 

cells escape current therapies



MM Cancer Stem Cells

-Earlier stage progenitors: prolonged time to detectable 

disease

-Late stage progenitors: rapid onset of disease symptoms

Early Cancer 

Stem Cell

Mid-stage B 

cell

Late Stage B 

cell

Plasma cell



Genetically abnormal MM cancer stem cells 

predict shorter survival in MM



Implications for more successful therapies

The potential for inter-clonal diversity and the known intra-

clonal diversity within each clone demands that therapy 

should target all clones

New immunotherapies may be able to 

target all members of all clones that are present

If immune suppression is blocked, a re-energized immune 

system may be able to attack 

all abnormal clones

Antibody drugs to immune checkpoint proteins 

are being evaluated in our 3-D culture model 

prior to their use in patients.

Combination therapies with other agents 

may optimize such approaches
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OVERVIEW

• Diagnostics

• Prognostication

• Therapeutics



DIAGNOSTICS

• Multiple Myeloma is diagnosed based on 

clinical criteria and the presence of abnormal, 

monoclonal plasma cells (myeloma) in marrow.

• These myeloma cells are clones of each other 

and consequently make identical protein 

products – monoclonal protein aka “M-protein”



DIAGNOSTICS

• Measurement of M-protein is used as a method of determining response to 

treatment and/or relapse

• Currently, the blood test is run through a process called immunofixation

electrophoresis



DIAGNOSTICS

• Mass spectrometry – separate blood into individual components and weigh 

them

• The protein produced by myeloma has a unique signature – therefore has a 

unique weight

• Has the potential to be more sensitive than traditional blood test



DIAGNOSTICS

• Samples of patients (many of you!) are being used to test mass spectrometry

• Potential to be more sensitive marker for not only response to treatment but 

also for relapse:

• Pursuit of deeper remissions

• Earlier detection of relapse

• Made in Alberta approach



PROGNOSTICATION

• Current prognostic tools focus on disease-related markers – specific blood tests, 

particular mutations

• Certain patients behave more poorly independent of disease markers or even 

general health indicators (i.e. were sick with other disease to begin with)

• Part of this might be related to a profound, abnormal inflammatory response to the presence 

of myeloma

• This gives rise to things such as substantial weight loss, fatigue, or loss of muscle strength

• While these physiologic changes would seem obvious bad signs, it is only recently 

that we have been able to quantify and properly recognize these changes



PROGNOSTICATION

• On traditional computed 

tomography (CT) imaging, we can 

evaluate muscle health by looking 

for degree of fatty infiltration

• The more fatty infiltration, the more 

inflammation tends to be a factor

• Patients with such muscle changes have 

a very poor prognosis regardless of 

treatment in multiple other diseases 

such as other blood cancers like 

lymphoma

Mean muscle attenuation = 18.5 HU Mean muscle attenuation = 43.5 HU

Patient 1
Age: 64 years old
Body mass index: 23.5 kg/m2

Skeletal muscle index: 47.8 cm2/m2

Patient 2
Age: 63 years old

Body mass index: 23.1 kg/m2

Skeletal muscle index: 46.7 
cm2/m2



PROGNOSTICATION
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THERAPEUTICS



THERAPEUTICS

• Treatments can be broken down by mode of attack:

• Immunomodulation (i.e. altering how your immune system behaves)

• Examples = pomalidomide

• Proteasome inhibitors (i.e. similar to chemotherapy in that it blocks a vital function of cells)

• Examples = carfilzomib, ixazomib

• Targeted therapy (i.e. recognizes specific bar codes and attacks them)

• Examples = elotuzumab, daratumumab

• Genetic modulators (i.e. turns off specific genetic signals)

• panobinostat



THERAPEUTICS

• Currently available treatments are not curative; unlikely for new 

drugs to be curative as individual therapeutics

• So what next?

• Immune therapy

• Combinations



THERAPEUTICS

• Immune therapy

• Random mutations occur frequently – a person’s immune system should be 

able to recognize mutated cells and destroy them before they can become 

cancerous

• In cancer patients, this “immunosurveillance” is curiously missing

• Either myeloma is somehow able to hide from the immune system; or

• Myeloma is turning off the immune’s response



THERAPEUTICS

• Turning off the “off signal” –

checkpoint inhibition

• Immune system has multiple “go” and 

“stop” signals provided to it as a check-

and-balance system to ensure only bad 

cells are killed and good cells are 

protected

• Many cancers have been able to abuse 

this and protect themselves by 

pretending to be normal and activating 

“stop” signals



THERAPEUTICS

• Turning off the “off signal” re-invigorates immune response and death of 

certain cancers: melanoma, lung cancer, and kidney cancer

• The same off signal exists on most myeloma cells – PD1 making it a likely 

candidate for use of this new class of drugs

• Nivolumab

• Pembrolizumab

• However, these drugs by themselves do not seem to be sufficient – study  of 

nivolumab (single agent) failed to produce any responses in relapsed 

myeloma patients



THERAPEUTICS

• Large plethora of potential “on signals”  and 

“off signals” to target

• Subsequent testing of combinations of these is 

logical and ongoing

• We are testing some of these drugs (some of 

which are currently available and others which 

are too new for wider study as of yet) in the 3D 

culture model prior to testing in patients



THERAPEUTICS

• The benefit of re-invigorating the immune system:

• Highly specific response to myeloma

• Ability to subsequent find and react to different “bar codes” – you just need to provide a 

spark and the fire will spread (i.e. target other abnormal clones)

• Memory – should there be myeloma cells hiding somewhere away from contact, then 

whenever it surfaces (even years later), the immune system should be able to recognize 

and kill it again



THERAPEUTICS

• These drugs address only one part of the potential problem though: 

overcoming immune evasion

• What if some patients have a problem where their disease has been capable 

of avoiding immune detection so there are no fighters waiting for the “off 

signal” to stop flashing?



THERAPEUTICS

• Therapeutic immunizations – providing 

shots that stimulate the immune system 

to recognize cancer

• T-cell therapy

• Re-training T-cells outside of the body to 

properly grow outside of a cancer setting

• Ranges from minimal engineering to 

significant genetic alterations (so-called 

chimeric antigen receptor [CAR] T-cell 

therapy)



THERAPEUTICS SUMMARY

• Ongoing development of existing treatment paradigms: immunomodulators, 

proteasome inhibitors, targeted therapy, epigenetic modulators

• Immune therapy:

• Checkpoint inhibition

• Stimulatory signals

• T-cell therapy



RESEARCH SUMMARY

• Better identification of clonal population separating out “cousins” of the 

dominant clone

• More sensitive blood test to determine response that could then impact 

treatment

• Understanding why some patients are impacted physiologically more greatly 

than others

• Fully exploit a patient’s own immune system to not only overcome resistance, 

but also impart memory to truly control and hopefully cure myeloma
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