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Learning Objectives

• Describe the various mechanisms of action of agents 
used to treat multiple myeloma (MM) 

• Apply the principles of risk-adapted treatment using 
case-based scenarios to illustrate the impact of 
patient attributes and disease-specific attributes in 
MM

• Manage toxicities associated with newer agents 
used to treat MM

• Apply the principles of adjunctive supportive care in 
the treatment of patients with MM 



MULTIPLE MYELOMA OVERVIEW



Multiple Myeloma Epidemiology

• Risk factors 

– Unknown in the majority of cases

– Increased with age, male sex, 
obesity, and black race

• Survival

– In 2012, there were an estimated 
89,568 people living with MM 
(survivors) in the United States

– 5-year OS has increased from 24.7% 
(1975-1977) to 48.5% (2005-2011) 
(p<.05)

• Variable response to treatment and 
variation in survival 

– From a few months to > 10 yr
– High-risk attributes are thought to 

play a primary role
– 20% of patients survive >10 yr, 

regardless of therapy
– Novel agents may neutralize the 

effects of some high-risk features
– Achievement of minimal residual 

disease negative (MRD-) status early 
in the course of disease is key

Badros. J Natl Compr Canc Netw. 2010;8(suppl 1):S28-S34; Siegel L, et al. (2016). Cancer statistics, 2016. CA Cancer J 
Clin 66(1), 7-30; Kumar SK, et al. Presented at ASH. 2012. Abstract 3972; Kumar SK, et al. Blood. 2008;111:2516-2520;  
http://seer.cancer.gov/statfacts/html/mulmy.html       

New Cases
(US, 2015)

Deaths
(US, 2015)

Mean Age at 
Diagnosis, Yrs

5-Yr Overall Survival
1975 – 2011 (p<0.5)

30,330 12,650 69 Increased by 23.8%
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Presentation Notes
Patient with MM are living longer.Novel agents, risk-adapted treatment strategies, and improved supportive care have improved patient survival.  In 2012, there were approximately 89,568 people living with MM, for many this is considered a chronic disease.Many young patients survive 10 years+ following their diagnosis.



RRM
M

MGUS SMM 

MM = multiple myeloma; MGUS = monoclonal gammopathy of uncertain significance; SMM =aAsymptomatic MM; 
NDMM = newly diagnosed MM; MRD0 = minimal residual disease negative; RRMM = relapsed and/or refractory 
MM

MRD -

Disease 
Plateau of 
variable 
length

Disease 
Plateau of 
variable 
length

Diminished 
depth and 
duration of 
response 

AMM 
NDMM

Natural History of Multiple Myeloma
• Initiation of the 

best available 
treatment to 
induce an early 
and deep 
response

• Limit end-organ 
damage

• Optimizing each treatment 
option to achieve and 
maintain MRD- status

• Use of AHSCT 
consolidation and/or 
maintenance

Salvage therapy 
considering disease 
and personal factors

Early identification of lack/loss of response

Rajkumar et al., 2014 et al., 2013; Ludwig et al., 2014; Mikael et al., 2013; NCCN, 2016; Palumbo et al., 2015; 
Palumbo et al., 2014; Adapted from Kurtin, S. 2016. 
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Presentation Notes
The diagnostic criteria and disease nomenclature for MM have recently changed, incorporating refined criteria and identifying patients with asymptomatic myeloma who may benefit from earlier treatment that could prevent end-organ damage (Rajkumar et al., 2014). More recently, data suggest that patients who have no evidence of minimal residual disease after induction therapy, which is then sustained for a period of years, may enjoy prolonged survival and perhaps even have hope for a cure (http://bsri.myeloma.org). As a result there are several key principles of treatment of MM:1) achieving an early and deep response is key to obtaining and maintaining MRD- status2) Stem cell transplantation remains an important component of overall therapy in eligible patients3) Maintenance therapy should be considered for selected patients’4) Treatment until disease progression or unacceptable toxicity—has become a core principle in the treatment of MM Vincent Rajkumar, S. (2014). "Multiple myeloma: 2014 Update on diagnosis, risk-stratification, and management." Am J Hematol 89(10): 999-1009.Ludwig, H., Miguel, J. S., Dimopoulos, M. A., Palumbo, A., Garcia Sanz, R., Powles, R., . . . Durie, B. (2014). International Myeloma Working Group recommendations for global myeloma care. Leukemia, 28(5), 981-992. doi:10.1038/leu.2013.293Mikhael, J. R., Dingli, D., Roy, V., Reeder, C. B., Buadi, F. K., Hayman, S. R., . . . Lacy, M. Q. (2013). Management of newly diagnosed symptomatic multiple myeloma: updated Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART) consensus guidelines 2013. Mayo Clin Proc, 88, 360+. Palumbo, A., Rajkumar, S. V., San Miguel, J. F., Larocca, A., Niesvizky, R., Morgan, G., . . . Orlowski, R. Z. (2014). International Myeloma Working Group consensus statement for the management, treatment, and supportive care of patients with myeloma not eligible for standard autologous stem-cell transplantation. J Clin Oncol, 32(6), 587-600. doi:10.1200/JCO.2013.48.7934Palumbo, A., Avet-Loiseau, H., Oliva, S., Lokhorst, H. M., Goldschmidt, H., Rosinol, L., . . . Moreau, P. (2015). Revised International Staging System for Multiple Myeloma: A Report From International Myeloma Working Group. J Clin Oncol, 33(26), 2863-2869. doi:10.1200/jco.2015.61.2267	



Common Presenting Signs and Symptoms
• Most common complaint at presentation is bone pain and 

fatigue 
• Signs and symptoms result from an overproduction of 

immunoglobulins with secondary processes

Disease 
Process Symptoms Clinical Findings

Plasma cell 
invasion of the 
bone 

• Bone pain 
(58%)

• Hypercalcemia

• Lytic lesions (66%)*
• Compression fractures or 

other skeletal fractures
• Hypercalcemia (13%)*
• Osteoporosis, osteopenia
• Cord compression

Bone marrow 
involvement

• Fatigue (32%)
• Infections
• Bleeding 

• Anemia (73%)*
• Neutropenia
• Thrombocytopenia

Kyle RA, et al. (2003). Mayo Clin Proc 78(1):21-33.

* Part of the CRAB Criteria
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Presentation Notes
The most common presenting symptom in patients newly diagnosed with MM is bone pain.  Other common presenting symptoms are a result of the abnormal myeloma proteins and the secondary effects on other organs as noted in the table.Kyle, R. A., et al. (2003). "Review of 1027 patients with newly diagnosed multiple myeloma." Mayo Clin Proc 78(1): 21-33.	OBJECTIVE: To determine the clinical and laboratory features of newly diagnosed multiple myeloma. PATIENTS AND METHODS: Records of all patients in whom multiple myeloma was initially diagnosed at the Mayo Clinic in Rochester, Minn, from January 1, 1985, to December 31, 1998, were reviewed. RESULTS: Of the 1027 study patients, 2% were younger than 40 years, and 38% were 70 years or older. The median age was 66 years. Anemia was present initially in 73% of patients, hypercalcemia (calcium level > or = 11 mg/dL) in 13%, and a serum creatinine level of 2 mg/dL or more in 19%. The beta2-microglobulin level was increased in 75%. Serum protein electrophoresis revealed a localized band in 82% of patients, and immunoelectrophoresis or immunofixation showed a monoclonal protein in 93%. A monoclonal light chain was found in the urine in 78%. Nonsecretory myeloma was recognized in 3% of patients, whereas light-chain myeloma was present in 20%. Conventional radiographs showed an abnormality in 79%. The plasma cell labeling index was 1% or more in 34% of patients. Multivariate analysis revealed that age, plasma cell labeling index, low platelet count, serum albumin value, and the log of the creatinine value were the most important prognostic factors. CONCLUSION: The median duration of survival was 33 months and did not improve from 1985 through 1998.



Common Presenting Signs and Symptoms (cont.)

Disease 
Process Symptoms Clinical Findings

Renal injury • Fatigue
• Oliguria (late 

finding)
• Hematuria

• Elevated creatinine (19%)*
• Acute renal failure (ARF)
• Chronic renal insufficiency (CRI)
• Chronic renal failure
• Anemia
• Hypercalcemia
• Hyperviscosity
• Urate nephropathy

Abnormal 
immunoglobulin 
function

• Fever
• Infections 

• Hypogammaglobulinemia
• Infections
• Neurologic disease

Hyperviscosity • Pain
• Paresthesia
• Immobility

• Peripheral neuropathy (5%)
• Strokes

* Part of the CRAB Criteria

Kyle RA, et al. (2003). Mayo Clin Proc 78(1):21-33.
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The most common presenting symptom in patients newly diagnosed with MM is bone pain.  Other common presenting symptoms are a result of the abnormal myeloma proteins and the secondary effects on other organs as noted in the table.



Overproduction of Abnormal Plasma Cells and 
Associated Serum Proteins

Abnormal Plasma Cells

Hematopoietic
stem cell

MM Bone Marrow
Myeloid
progenitor cell

Natural 
killer
(NK) 
cells

T lymphocytes

Neutrophils

Basophils

Eosinophils

Monocytes/
macrophages

Platelets

Red blood
cells

Lymphoid
progenitor
cell

Invasion of bone

Invasion 
of bone 
marrow

Cytopenias

Lytic Lesions
Hypercalcemia

Renal 
impairment

↑ circulating abnormal 
serum proteins

B lymphocytes

Immunodeficiency

Genetic 
and 
Molecular 
Defects

Neurologic Disease

Stem cell basics. NIH Stem Cell Information. Available at: http://stemcells.nih.gov/info/basics/basics4.asp. 
Accessed June 4, 2013. Image created by Sandy Kurtin, The University of Arizona Cancer Center.
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Key Point:  The Pathobiology of Multiple Myeloma is Linked to the Common Presenting Signs and SymptomsSuggestion:  Practice the timing of this slide several times to develop a rhythm for presenting it live.This slide will build to demonstrate the role of abnormal myeloma proteins in the development of secondary symptoms and common secondary symptoms of cytopenias, renal impairment, hypercalcemia, lytic lesions, immunodeficiency, and neurological disease.These are described in more detail in the following slides.



Kumar SK, et al. (2009). Mayo Clinic Proc. 84:1095-1110; Schmidt-Hieber M, et al.  (2013). 
Haematologica. 98:279-287.

Classification of MM
Heavy chain: 
•IgG, IgA, IgD, IgM, IgE

•77% of myeloma cases

• IgG and IgA most common

Nonsecretory: 
•No detectable immunoglobulin 

•1% to 2% of myeloma cases

Heavy chain

Light 
chain

Serum free light chain

Variable 
region

C
onstant 

region

Light chain (Bence-Jones protein):
Kappa (κ) or lambda (λ)

20% of myeloma cases
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IgA = immunoglobulin A; IgD = immunoglobulin D; IgG = immunoglobulin GStructure of immunoglobulins includes heavy chains and light chains connected by disulphide bonds There are at least 3 primary types of MM based on predominant component of abnormal protein:Heavy chain: IgG (most common—60%), IgA, IgD (rare); IgM is most often associated with Waldenstrom’s macroglobulinemiaLight chain: can be represented by kappa or lambda light chain; represents ~20% of MM cases Nonsecretory: although presence of an M protein is the hallmark of myeloma, 1% to 2% of patients have nonsecretory myeloma with no M protein detectable on serum or urine electrophoresisIn the heavy-chain type of myeloma, the full immunoglobulin structure is produced by the myeloma cells In the light-chain type of myeloma (kappa or lambda light chain), only the “Y” section is produced by the myeloma cells In the nonsecretory type of MM, none of the immunoglobulin structure is produced, which explains why it is very difficult to monitor the disease due to the absence of a tumor marker It is important to monitor the monoclonal immunoglobulin produced by myeloma cells because they serve as the tumor marker. Immunoglobulins are directly produced by the cancer cells, so when patients start treatment with chemotherapy or with a novel agent and when the treatment starts killing myeloma cells, the immunoglobulins start to decreaseBoth types of light chains are measured through the 24‑hour urine protein electrophoresis and assessment of the light-chain component in the serum through serum free light-chain analysis Before the advent of serum free light-chain analysis, light-chain myeloma was typically monitored with a 24‑hour urine protein electrophoresis every monthFinally, other disorders associated with monoclonal proteins, such as amyloidosis, Waldenstrom’s macroglobulinemia, or POEMS (polyneuropathy, organomegaly, endocrine, monoclonal protein, and skin) syndrome, should be kept in the differential diagnosis when the diagnosis of myeloma is being considered ReferenceKumar et al. Mayo Clinic Proc. 2009;84:1095-1110. Schmidt-Hieber M, et al. Haematologica. 2013;98:279-287



Disease Trajectory

 < 10% BMPC
 <30g/L M-protein
 No MDE
 1%/yr risk of 

progression to 
MM

Myeloma
Defining 
Events 
(MDE)

Plasma Cell 
Leukemia

MGUS Smoldering Myeloma

 10-60% BMPC
 ≥ 30g/L M-protein 

(igG or IgA)
OR
• ≥ 500 mg/24 hr

urinary protein
 No MDE or 

amyloidosis
 10%/yr risk of 

progression to MM 
in the first 5 yr

Nonmalignant 
Accumulation

Malignant Transformation Aggressive and 
Stromal Independent 

Stroma
angiogenesis

and IL-6
dependent

≥ 10% clonal BMPC or biopsy 
proven bony or extramedullary
plasmacytoma AND 1 or more 
Myeloma Defining Events (MDE) 
including CRAB features.

Evidence of end organ damage 
that can be attributed to the 
underlying plasma cell proliferative 
disorder, specifically

Rajkumar, et al., 2014;  Kuehl WM, et al. (2002). Nat Rev Cancer. 2:175-187. Agarwal A, et al. (2013). 
Clin Cancer Res.19:985-994. Durie BG, et al. (2003). Hematol J. 4:379-398.  Kurtin SE. (2010). J Adv
Pract Oncol. 1:19-29.

Multiple Myeloma

Presenter
Presentation Notes
BMPC, bone marrow plasma cells; Hb, hemoglobin; MGUS, monoclonal gammopathy of unknown significance; M protein, myeloma protein; IL6, interleukin-6; ULN, upper limit of normalMM has very heterogeneous outcomes. At one end of the spectrum are patients with more aggressive disease that becomes rapidly resistant to available therapies, and they die of the disease. At the other end of the spectrum are patients with relatively indolent disease who require intermittent therapy and have a lengthy survivalMM is almost always preceded by monoclonal gammopathy of undetermined significance (MGUS), an asymptomatic phase characterized by a relatively small burden of clonal plasma cells and low levels of monoclonal protein. Patients with MGUS have a small risk of progression (1% per year) to MM and require only observation Smoldering MM (SMM) is characterized by a higher burden of malignant plasma cells and higher levels of monoclonal proteinsAlthough SMM has a much higher risk of progression to symptomatic myeloma (10% per year in the first 5 years), many of these patients can be observed for years before any active therapy is required. Diagnosis of active symptomatic MM requiring therapy should be based on end-organ effects of the disease Clonal bone marrow plasma cells ≥10% or biopsy-proven bony or extramedullaryplasmacytoma* and any one or more of the following myeloma defining events:• Myeloma defining events:• Evidence of end organ damage that can be attributed to the underlying plasma cellproliferative disorder, specifically:• Hypercalcaemia: serum calcium >0·25 mmol/L (>1 mg/dL) higher than theupper limit of normal or >2·75 mmol/L (>11 mg/dL)• Renal insufficiency: creatinine clearance <40 mL per min† or serum creatinine>177 μmol/L (>2 mg/dL)• Anaemia: haemoglobin value of >20 g/L below the lower limit of normal, or ahaemoglobin value <100 g/L• Bone lesions: one or more osteolytic lesions on skeletal radiography, CT, orPET-CT‡• Any one or more of the following biomarkers of malignancy:• Clonal bone marrow plasma cell percentage* ≥60%• Involved:uninvolved serum free light chain ratio§ ≥100• >1 focal lesions on MRI studies¶Definition of smoldering multiple myelomaBoth criteria must be met:• Serum monoclonal protein (IgG or IgA) ≥30 g/L or urinary monoclonal protein ≥500 mgper 24 h and/or clonal bone marrow plasma cells 10–60%• Absence of myeloma defining events or amyloidosisThe term monoclonal gammopathy of undetermined significance (MGUS) was coined in 1978. The recent advances in our knowledge about MGUS and smoldering multiple myeloma (SMM) have helped us better understand the pathogenesis of myeloma. It seems that myeloma evolves from a precursor state in almost all cases. We do not completely understand the multistep process from the precursor state to myeloma, but studies like whole genome sequencing continue to improve our understanding of this process. The process of transformation may not be linear acquisition of changes, but rather a branched heterogeneous process. Clinical features that are prognostic of rapid transformation have been identified, but no specific molecular markers have been identified. Even with recent advances, multiple myeloma remains an incurable disease in the vast majority, and intervening at the precursor state provides a unique opportunity to alter the natural history of the disease. A limitation is that a vast majority of patients with precursor disease, especially low-risk MGUS, will never progress to myeloma in their lifetime, and treating these patients is not only unnecessary but may be potentially harmful. The challenge is to identify a subset of patients with the precursor state that would definitely progress to myeloma and in whom interventions will have a meaningful impact. As our understanding of the molecular and genetic processes improves, these studies will guide the selection of high-risk patients more appropriately and ultimately direct a tailored management strategy to either delay progression to symptomatic myeloma or even "cure" a person at this premalignant stage.ReferencesRajkumar, S. V., et al. (2014). "International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma." The Lancet Oncology 15(12): e538-e548.Agarwal, A. and I. M. Ghobrial (2013). "Monoclonal gammopathy of undetermined significance and smoldering multiple myeloma: a review of the current understanding of epidemiology, biology, risk stratification, and management of myeloma precursor disease." Clin Cancer Res 19(5): 985-994.Kuehl WM, et al. Nat Rev Cancer. 2002;2:175-187.Durie BG, et al. Hematol J. 2003;4:379-398.  Kurtin SE. JADPRO, 2010;1:19-29.



Myeloma Defining Events (MDEs):
CRAB Criteria Revised 

C: Calcium elevation
Serum calcium > 0.25 mmol/L (> 1 mg/dL) higher than ULN or
> 2.75 mmol/L (> 11 mg/dL)

R: Renal dysfunction
Creatinine clearance < 40 mL/min or 
serum creatinine > 177 μmol/L (> 2 mg/dL)

A: Anemia
Hemoglobin > 20 g/L below LLN or < 100 g/L

B: Bone disease
One or more osteolytic lesions on skeletal radiography, CT, or PET/CT

Any one or more biomarkers of malignancy
• BMPC > 60%
• Involved/uninvolved serum free light chain ratio ≥ 100
• > 1 focal lesion > 5 mm on MRI studies

MGUS = myeloma of undetermined significance; SMM = smoldering multiple myeloma; BMPC = 
bone marrow plasma cells; MDE = myeloma-defining events; ULN = upper limit of normal; LLN = 
lower limit of normal. From Kurtin et al., 2016, J Adv Pract Oncol; Adapted from Rajkumar et al., 
2014, Lancet Oncol, 15(2):e538-e54.
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Highlight the US equivalent for Hgb in g/dL—this global value in g/L came directly from published paper.This International Myeloma Working Group consensus updates the disease defi nition of multiple myeloma to includevalidated biomarkers in addition to existing requirements of attributable CRAB features (hypercalcaemia, renalfailure, anaemia, and bone lesions). These changes are based on the identifi cation of biomarkers associated with nearinevitable development of CRAB features in patients who would otherwise be regarded as having smoulderingmultiple myeloma. A delay in application of the label of multiple myeloma and postponement of therapy could bedetrimental to these patients. In addition to this change, we clarify and update the underlying laboratory andradiographic variables that fulfi l the criteria for the presence of myeloma-defi ning CRAB features, and the histologicaland monoclonal protein requirements for the disease diagnosis. Finally, we provide specifi c metrics that newbiomarkers should meet for inclusion in the disease defi nition. The International Myeloma Working Grouprecommends the implementation of these criteria in routine practice and in future clinical trials, and recommendsthat future studies analyse any diff erences in outcome that might occur as a result of the new disease defi nition.Rajkumar, S. V., et al. (2014). "International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma." The Lancet Oncology 15(12): e538-e54Kurtin, et al., 2016, J Adv Pract Oncol;7:59-70



Case Study 1

• 57-yr-old male presented to PCP with intractable back pain over 
2-week period
– Prior discectomy treated with nonsteroidal pain medication; no 

improvement
• Presented to ED on weekend with severe pain

– Plain films of spine and pelvis showed degenerative changes
– CT of spine (bone protocol) with osseous demineralization and a 

moth-eaten appearance of bones
• Labs

– WBC 5.5 g/dL, hemoglobin 11.7 g/dL, hematocrit 34%, platelets 
240,000/μL 

– Creatinine 2.6 mg/dL, calcium 12.8 mg/dL, albumin 3.4 g/dL
• Admitted with acute renal failure and hypercalcemia
• Suspicion for multiple myeloma: consult to 

hematology/oncology



Initial diagnostic evaluation of suspected multiple myeloma (NCCN, 2010). BUN = blood urea nitrogen; 
CBC = complete blood cell count; FISH = fluorescence in situ hybridization; Ig = immunoglobulin; LDH = 
lactate dehydrogenase; MGUS = monoclonal gammopathy of undetermined significance; MM = 
multiple myeloma; MRI = magnetic resonance imaging. 

Kurtin et. al. (2016) J Adv Pract Oncol, 7(S1), S59-S70.  Adapted from:  Kurtin, 2010.  Data from: NCCN, 2015, Ludwig et al., 
2014; Rajkumar et al, 2014, Mikhael, et al., 2013 

Initial Workup
General

• H&P with particular attention 
to bone health, fatigue, 
infections, neuropathy

• Co-morbidity evaluation
• Fit vs. frail
• Lifestyle and personal wishes
• Financial considerations
• Availability of a caregiver

Peripheral Blood

• CBC, differential, and platelet 
count

• CMPNL: Includes BUN, 
creatinine, calcium, albumin

• Β2 microglobulin
• LDH
• FLC assay+
• SPEP with IFE
• Quantitative 

Immunoglobulins
• 24 hour urine: UPEP with IFE



Imaging Techniques for 
Assessing Bone Disease

Technique How it Works When to Use Limitations to Use
WBXR/bone 
survey

• Series of x-rays of axial 
and appendicular 
skeleton

• Baseline & relapse • Bone lesions only seen if >30% 
bone loss occurs

• More accurate for lesions in the 
ribs and skull than newer 
techniques

MRI • Three sequence approach 
(T1,T2, STIR, post-
gadolinium) detects MM 
activity in bone marrow

• Highly sensitive

• Procedure of choice to 
evaluate a painful 
lesions 

• Verify solitary 
plasmacytomas; 
non-secretory disease

• Assess spinal cord 
compression

• Lack of specificity reflects marrow 
infiltration not specifically bone 
deterioration

• Expense & time
• Excludes patients with implanted 

metal

STIR = short time inversion recovery; FDG = 18-fluorine-fluoro-deoxyglucose ; MRD = minimal residual disease
CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography;
DEXA = dual-energy X-ray absorptiometry; MM = multiple myeloma.
Dimopoulos, Hillengass et al. 2015; Regelink, Minnema et al. 2013, Dimopoulos, Kyle et al. 2011, NCCN, 2016
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Key Points:The current standard of care for baseline evaluation of bone involvement by MM continues to be a whole body skeletal survey.  Recent studies have focused on other methods to detect MM and/or minimal residual disease including low-dose CT Scans, MRIs and PET/CTs.Current recommendations for MRI Use in MM  (Dimopoulos, Hillengass et al. 2015)MRI is the imaging gold-standard method for the detection of bone marrow involvement (not bone destruction) in MM (grade A). MRI of the spine and pelvis can detect approximately 90% of focal lesions in MM, and thus, it can be used in cases where WB-MRI is not available(grade B).MRI is the procedure of choice to evaluate a painful lesion in patients with myeloma, mainly in the axial skeleton, and detect spinalcord compression (grade A). MRI is particularly useful in the evaluation of collapsed vertebrae, especially when myeloma is not active, where the possibility of osteoporotic fracture is high (grade B).PET/CT – low intensity:  FDG-positivity is associated with inferior outcomes.  More recent data suggest that PET/CT combined with next generation sequencing and flow cytometry may be the method of choice in detecting minimal residual disease.  We will be discussing this data later.References:Dimopoulos, M. A., Hillengass, J., Usmani, S., Zamagni, E., Lentzsch, S., Davies, F. E., . . . Terpos, E. (2015). Role of magnetic resonance imaging in the management of patients with multiple myeloma: a consensus statement. J Clin Oncol, 33(6), 657-664. doi:10.1200/jco.2014.57.9961Dimopoulos, M., Kyle, R., Fermand, J. P., Rajkumar, S. V., San Miguel, J., Chanan-Khan, A., . . . Jagannath, S. (2011). Consensus recommendations for standard investigative workup: report of the International Myeloma Workshop Consensus Panel 3. Blood, 117(18), 4701-4705. doi:10.1182/blood-2010-10-299529Regelink, J. C., Minnema, M. C., Terpos, E., Kamphuis, M. H., Raijmakers, P. G., Pieters-van den Bos, I. C., . . . Zweegman, S. (2013). Comparison of modern and conventional imaging techniques in establishing multiple myeloma-related bone disease: a systematic review. Br J Haematol, 162(1), 50-61. doi:10.1111/bjh.12346NCCN, 2016, MM guidelines, V3, 2016



Imaging Techniques for 
Assessing Bone Disease (cont’d)

Technique How it Works When to Use Limitations to Use
CT • Multiple computerized x-

ray images from different 
angles

• Highly sensitive

• Early detection of 
bone lesions not 
detected by WBXR

• More sensitive to 
detect small osteolytic 
lesions 

• Does not differentiate between 
active & inactive lesions

• Higher levels of radiation exposure

PET • FDG tracer illuminates 
metabolically active cells

• Highly sensitive

• Assess extra-
medullary disease; 
response; MRD

• Lack of specificity of findings may 
result in false-positive results; 
expense

DEXA (bone 
densitometry)

• Measurement of 
osteopenia or 
osteoporosis

• If comorbid conditions 
exist for osteoporosis

• Does not measure osteolytic
disease

STIR = short time inversion recovery; FDG = 18-fluorine-fluoro-deoxyglucose ; MRD = minimal residual disease
CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography;
DEXA = dual-energy X-ray absorptiometry; MM = multiple myeloma.
Dimopoulos, Hillengass et al. 2015; Regelink, Minnema et al. 2013, Dimopoulos, Kyle et al. 2011, NCCN, 2016)

Presenter
Presentation Notes
References:Dimopoulos, M. A., Hillengass, J., Usmani, S., Zamagni, E., Lentzsch, S., Davies, F. E., . . . Terpos, E. (2015). Role of magnetic resonance imaging in the management of patients with multiple myeloma: a consensus statement. J Clin Oncol, 33(6), 657-664. doi:10.1200/jco.2014.57.9961Dimopoulos, M., Kyle, R., Fermand, J. P., Rajkumar, S. V., San Miguel, J., Chanan-Khan, A., . . . Jagannath, S. (2011). Consensus recommendations for standard investigative workup: report of the International Myeloma Workshop Consensus Panel 3. Blood, 117(18), 4701-4705. doi:10.1182/blood-2010-10-299529Regelink, J. C., Minnema, M. C., Terpos, E., Kamphuis, M. H., Raijmakers, P. G., Pieters-van den Bos, I. C., . . . Zweegman, S. (2013). Comparison of modern and conventional imaging techniques in establishing multiple myeloma-related bone disease: a systematic review. Br J Haematol, 162(1), 50-61. doi:10.1111/bjh.12346NCCN, 2016, MM guidelines, V3, 2016



Case Study (cont’d)

• 57-yr-old male, excellent performance status
• PMH/comorbidities

• Bladder cancer, hyperlipidemia, hypertension, basal cell 
carcinoma, melanoma, shingles, anxiety, insomnia, colon 
polyp 

• Exposure to trichlorethylene in childhood
• Medications

• Gabapentin (post-herpetic neuralgia), diazepam, 
hydrocodone, acyclovir

• Social
• Retired engineer, married, 2 sons 
• No tobacco history, occasional alcohol



Case Study (cont’d)
Imaging
• Skeletal survey 

– Degenerative changes of lumbar spine, otherwise normal 
exam (lesions noted on CT not apparent)

• Renal ultrasound
– No renal parenchymal disease

• PET/CT
– Subtle lytic changes within thoracic and lumbar vertebral 

bodies; mildly hypermetabolic; max SUV 2.8
Bone marrow

– 9.58% monotypic plasma cells
– FISH: del(13q); loss of 3-IGH of chromosome 14, trisomy 15; 

del(17p) 
– Cytogenetics: normal male karyotype



Case Study (cont’d)

Peripheral blood
Serum free light chains

– Kappa: 338 mg/dL
(0.33-1.94 mg/dL)

– Lambda: 0.21 mg dL
(0.57-2.63 mg/dL)

– Ratio: 1012.50 (0.26-1.65)
– β2M: 2.58 mg/L
– LDH: 249 IU/L
– C-reactive protein: 

12.30 mg/L
– SPEP: no monoclonal protein

UPEP
• M-component: 606 mg/L 

(normal = 0)
• Immunofixation of urine 

demonstrates multiple 
oligoclonal bands in kappa 
lane



Updated MM Staging 
Stage International Staging System (ISS) Revised-ISS (R-ISS)

I Serum beta 2 microglobulin < 3.5 mg/dL
Serum albumin > 3.5 g/dL

Median survival:  62 months

ISS stage I and standard risk chromosomal 
abnormalities by iFISH – AND

Serum LDH < ULN  (varied by institution)

5 year OS rate: 82%; PFS  at 46 months 55%

II Not ISS stage I or II

Median survival:  44 months

Not R-ISS stage I or III

5 year OS rate: 62%; PFS  at 46 months 36%

III Serum beta-2 macroglobulin greater 
than or equal to 5.5 mg/L

Median survival:  29 months

ISS stage III and either high risk 
chromosomal abnormalities by iFISH OR

Serum LDH > ULN  (varied by institution)

5 year OS rate: 40%; PFS at 46 months 24%

Greipp et al. (2005). J Clin Oncol. 23:3412-3420; Palumbo, A., et al. (2015).  J Clin Oncol. 33:2863–2869

Presenter
Presentation Notes
The International Staging System (ISS) provides a measure of proliferative tumor and prognostic information based on multivariate analysis of clinical features. Using β2M and serum albumin to categorize, patients are categorized as stage I (median survival 62 months), stage II (median survival 44 months), or stage III (median survival 29 months)  More recently, the R-ISS has been proposed as the standard for staging.  The Durie Salmon Staging criteria have been removed from the most recent version of the NCCN guidelines.ISS, CA, and LDH data were simultaneously available in 3,060 of 4,445 patients. Three groups have been defined:R-ISS I (n = 871), including ISS stage I (serum β2-microglobulin level < 3.5 mg/L and serum albumin level ≥ 3.5 g/dL), no high-risk CA [del(17p) and/or t(4;14) and/or t(14;16)], and normal LDH level (less than the upper limit of normal range); R-ISS III (n = 295), including ISS stage III (serum β2-microglobulin level > 5.5 mg/L) and high-risk CA or high LDH level; and R-ISS II (n = 1,894), including all the other possible combinations. At a median follow-up of 46 months, the 5-year OS rate was 82% in the R-ISS I, 62% in the R-ISS II, and 40% in the R-ISS III groups; the 5-year PFS rates were 55%, 36%, and 24%, respectively.ReferencesGreipp et al. J Clin Oncol. 2005;23:3412-3420.Palumbo, A., et al. Journal of Clinical Oncology 2015; 33:2863–2869



Minimal Residual Disease: The Path to a Cure

22
Brian Durie, Best of ASH 2014. Available at  http://myeloma.org/ArticlePage.action?articleId=4492

More 
sensitive

Less 
sensitive

• A patient negative for MRD by less-sensitive 
assay may truly be positive for MRD

• Next-generation sequencing (NGS) and next-
generation flow (NGF) are becoming standard 
tools for assessing MRD

• MRD is becoming a 
standard endpoint for 
assessing outcome 

• Next generation flow 
(NGF) is part of the new 
response criteria 

• MRD status does not tell 
us whether to change 
therapy, continue 
therapy, or stop therapy 

• It can be used as a 
prognostic marker more 
than a tool for treatment 
decisions 



General Approach to Treatment of NDMM

Continued Treatment
Salvage therapy Maintenance therapy

Confirmed Diagnosis of Multiple Myeloma: MDE and CRAB Criteria
Determination of 

transplant eligibility
Immediate interventions 

for serious adverse events

Individualized Treatment Selection for Induction Therapy
Transplant Eligible

Works rapidly (CR, nCR, VGPR)
Well tolerated

Spares stem cells
Level of evidence 1 or 2A

Transplant Ineligible
Achieving a CR or nCR

Level of evidence 1 or 2A
Tolerability and QOL

Fit vs. frail and comorbidities

NCCN. Clinical practice guidelines in oncology: multiple myeloma. v.3.2016.

Presenter
Presentation Notes
Although the potential for a cure is now being discussed, No known cure exists for MM to date.Current goal is an early and sustained Complete ResponseCR has been identified as a key factor in improved PFS and OSCR does not imply elimination of the malignant cloneMRD negative status implies eradication of the malignant cloneIt is most important in high-risk disease (15% of patients)Survival is similar in patients without high-risk features who have not achieved a CR	Hematopoietic Stem cell Transplantation remains an important treatment strategy to achieve a CR and MRD- statusNumber of active options for treatment with single agents or combinations has increased significantly in the last decade MM is a heterogeneous disease; risk-adapted therapy selection is key



Kyle RA, et al. N Engl J Med. 2007;356:2582-2590; Jagannath S, et al. Clin Lymphoma Myeloma Leuk.
2010;10(1):28-43; Kyle RA, et al. Curr Hematol Malig Rep. 2010 ;5(2):62-69; Rajkumar et al., 2014, 
Lancet Oncol 15(12), e538-e548.

Disease Progression in SMM and MGUS Patients

Smoldering Multiple Myeloma Patients 
Have a High Risk of Progression

• First year: screen every 3 to 6 
months

• After first year: screen at least 
every 1 to 2 years

• 3% of people over 50 years old
• 5% of people over 70 years old

10% risk of progression per year*

• Screen every 4 to 6 weeks
*For first 5 years, ~3% per year for 
next 5 years, ~1% per year thereafter

1% risk of progression per yearMGUS

Smoldering Multiple 
Myeloma

SMM = smoldering multiple myeloma
MGUS = monoclonal gammopathy of undetermined significance

Presenter
Presentation Notes
Monoclonal Gammopathy of Undetermined Significance (MGUS)An asymptomatic premalignant condition that precedes smoldering MM or MMPrevalence of MGUS3% for persons more than 50 years of age5% in those more than 70 years of ageRisk of progression to MM (or a related disorder) is 1% per yearSmoldering Multiple MyelomaAn asymptomatic premalignant disorder that proceeds multiple myelomaOverall risk of progression10% per year for the first 5 years, ~ 3% per year for the next 5 years, and 1% per year for the last 10 years73% progress by 15 yearsSeveral more recent findings have identified risk factors for early progression in SMM:1 Kyle RA, et al. N Engl J Med 2007;356:2582-90.2 Jagannath, S. et al. Clin Lymphoma Myeloma Leuk. 2010 Feb;10(1):28-43.3 Kyle RA, et al. Curr Hematol Malig Rep. 2010 Apr;5(2):62-9.4. Rajkumar, S. V., Dimopoulos, M. A., Palumbo, A., Blade, J., Merlini, G., Mateos, M.-V., . . . Miguel, J. F. S. (2014). International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma. The Lancet Oncology, 15(12), e538-e548. doi:10.1016/s1470-2045(14)70442-5



Paraprotein markers
M-protein > 3g/dL

IgA subtype
Decreased levels of > 1 uninvolved Ig

FLC ratio > 8

Imaging markers
MRI: > 1 Focal lesion, bone 

marrow infiltration
PET/CT: Diffuse uptake or focal 

lesions

Genetic markers
t(4;14), 1q gain, and 

deletion 17p
GEP 70 score > 0.26
GEP 4 score > 9.28 

Others
Age > 65

Bone marrow plasma cells > 20%
> 95% of PC aberrant

Increased circulating plasma cells

High-Risk 
Smoldering 
Myeloma

Factors Associated With High-Risk Smoldering MM

Sundararajan et al., 2016, published online Curr Hematol Malig Rep, DOI10.1007/s11899-016-0305-6
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Presentation Notes
Several more recent findings have identified risk factors for early progression in SMM:The risk for progression of both MGUS and SMM vary based on clinical, laboratory, imaging, and molecular characteristics.An increase in the serum monoclonal protein level by at least 10% on two successive evaluations within a 6-month period has been associated with a 65%probability of progression in smoldering multiple myeloma. Speciﬁc cytogenetic abnormalities, especially translocation t(4;14), 1q gain, and deletion 17p, have been associated with a high risk of progressionPatients with high risk features should be considered for a clinical trial.Close monitoring for attributes now considered to be Myeloma Defining Events.



Cytogenetic Classification

• mSMART 2.0: classification of active MM

High Risk 20% Intermediate Risk 20% Standard Risk 60%

 FISH
− Del17p
− t(14;16)
− t(14;20)

 GEP
− High-risk 

signature

 FISH
− t(4;14)

 Cytogenetic 
deletion 13 or 
hypodiploidy

 PCLI ≥ 3%

All others 
including:

 Hyperdiploid
 t(11;14)
 t(6;14)

OS 3 Years OS 4-5 Years OS 8-10 Years

Mikhael JR, et al. Mayo Clinic Proc. 2013;88:360-376.

Presenter
Presentation Notes
Because multiple myeloma is a complex and heterogeneous disorder, its management must be guided by disease- and patient-related factors; emerging as one of the most influential factors is risk stratification. primarily based on cytogenetic features. A risk-adapted approach provides optimal therapy to patients, ensuring intense therapy for aggressive disease and minimizing toxic effects, providing sufficient but less intense therapy for low-risk disease. Mikhael, J. R., et al. (2013). "Management of newly diagnosed symptomatic multiple myeloma: updated Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART) consensus guidelines 2013." Mayo Clin Proc 88: 360+.	



Other Biomarkers Associated 
With High-Risk MM

*Increase in serum monoclonal protein by ≥10% on each of two successive evaluations within a 6-month period

Biomarker
2-yr probability of 
progression

High levels of circulating plasma cells 80%
Abnormal plasma cell immunophenotype ≥95% plus 
immunoparesis 

50%

Evolution of smoldering multiple myeloma 65%
Cytogenetic subtypes: t (4;14), 1q amp, or del 17p 50%
High bone marrow plasma cell proliferative rate 80%
Unexplained decrease in creatinine clearance by ≥25% 
accompanied by a rise in urinary monoclonal protein or 
serum free light-chain concentrations

Not known

Rajkumar, S. V., et al. (2014) The Lancet Oncology 15(12): e538-e548
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Rajkumar, S. V., et al. (2014). "International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma." The Lancet Oncology 15(12): e538-e548.	Promising markers for further study are listed in this table.Multiparametric ﬂow cytometry can help distinguish clonal from normal plasma cells. In patients with MGUS, a substantial proportion of polyclonal plasma cells persist, whereas in multiple myeloma almost all plasma cells (>95%) are clonal.Patients with smoldering multiple myeloma who display an immunophenotypic pattern identical to multiple myeloma have a higher risk of progression.High levels of circulating plasma cells and high proliferative rate of bone marrow plasma cells can accurately identify patients with ultra-high risk of progression, but the methods that have been reported are not universally available, and cut-oﬀ  points using sensitive and automated multiparametric ﬂow cytometric methods are needed.Speciﬁc cytogenetic abnormalities, especially translocation t(4;14), 1q gain, and deletion 17p, have been associated with a high risk of progression in smoldering multiple myeloma and need to be combined with other known biomarkers to improve predictive value.In the future, genomic markers will probably be incorporated to more accurately predict risk of progression.An increase in the serum monoclonal protein level by at least 10% on two successive evaluations within a 6-month period has been associated with a 65%probability of progression in smoldering multiple myeloma. 



NOTE: Clinical trial participation should be encouraged. 

Standard Risk

VRD for 4 cycles*

ASCT in eligible patients; 
if ineligible, continue VRD 

for 12 cycles; if frail or 
aged ≥75 yr, continue Rd

Lenalidomide 
maintenance if not in CR 
or VGPR following ASCT

Intermediate Risk

VRD for 4 cycles*

ASCT in eligible patients; 
if ineligible, continue VRD 

for 12 cycles; if frail or 
aged ≥75 yr, consider 

low-dose VCD

Bortezomib or 
bortezomib-based 

maintenance for 2 yr

High Risk

KRD for 4 cycles

ASCT in eligible patients; 
if ineligible, continue VRD 

for 12 cycles; if frail or 
aged ≥75 yr, consider 

lower doses

Carfilzomib or 
bortezomib-based 

maintenance for 2 yr

Mayo Clinic Approach to Newly Diagnosed MM

Mikhael JR, et al. Mayo Clinic Proc. 2013;88:360-376.

Presenter
Presentation Notes
The M-Smart Consensus Guidelines are generated by the Mayo Clinic and have been recently updated.These guidelines illustrate a risk-adapted approach to treatment.OS is different in each group. High-risk patients In several recent studies have median OS of only 3 years, whereas intermediate and standard risk patients have OS of 4-5 years and 8-10 years respectively. IN general, more aggressive and continuous therapies are recommended for high risk patients.  In general, high risk disease is characterized by limited progression free survival if left untreated, therefore, continuous treatment (until disease progression or unacceptable toxicity) is recommended.Three drug regimens are recommended as initial theory to include bortezomib and lenalidomide.Clinical trials participation is always encouraged.



Factors Affecting Transplant Eligibility

• Age
– Older than 70 yrs of age may not be eligible
– Older pts more sensitive to toxicity; less physical reserve

• Fit vs. frail 
• Comorbidities: heart disease, lung disease

– Increased risk of infection
– Decreased tolerability for high-dose therapy

• Renal and hepatic function
• Personal preference
• Insurance coverage
• Eligibility of a caregiver

NCCN. Clinical practice guidelines in Oncology: Multiple Myeloma. v.3.2016.; Miceli et 
al., 2013, Clin J Oncol Nurs 17 Suppl, 13-24

Presenter
Presentation Notes
ASCT, autologous stem cell transplantationMiceli, T., Lilleby, K., Noonan, K., Kurtin, S., Faiman, B., & Mangan, P. A. (2013). Autologous hematopoietic stem cell transplantation for patients with multiple myeloma: an overview for nurses in community practice. Clin J Oncol Nurs, 17 Suppl, 13-24. doi:10.1188/13.cjon.s2.13-24



Case Study: Transplant Eligibility

• Individual patient 
considerations
– Prior history of cancer

• Bladder; resected (cure)
• Basal cell; resected (cure)
• Melanoma; resected (cure)
• Polyp; hyperplastic

– TCE exposure in childhood
– Anxiety
– Married
– Retired engineer

• MM-specific 
considerations
– Risk-stratification is critical 

to early treatment 
decisions

– Multiple treatment options
– High-risk disease (del17p)

• Consideration of HSCT
– Excellent performance 

status
– Availability of caregiver; 

supportive family and 
friends

– Good organ function

Presenter
Presentation Notes
TCE, trichloroethylene; MM, multiple myeloma; HSCT, hematopoietic stem cell transplantation.



FDA Approved Drugs to Treat MM 
Drug Abbreviation Drug Class Brand

Bortezomib btz Proteasome inhibitor Velcade

Carfilzomib car Proteasome inhibitor Kyprolis

Daratumumab dara Monoclonal antibody Darzalex

Elotuzumab elo Monoclonal Antibody Emplicit

Lenalidomide len Immunomodulatory agent Revlimid

Ixazomib Ixa Proteasome inhibitor Ninlaro

Thalidomide thal Immunomodulatory agent Thalomid

Pomalidomide pom Immunomodulatory agent Pomalyst

Panobinostat pan Histone deacetylase inhibitor Farydak

Melphalan mel Alkylating agent Alkeran, Alphalan

Cyclophosphamide CTX Alkylating agent Cytoxan

Prednisone P, pred Corticosteroid Deltasone

Dexamethasone D, d, dex, DXM Corticosteroid Decadron

Pamidronate pmd Bisphosphonate Aredia

Zoledronic acid zol Bisphosphonate Zometa



Myeloma Preferred Induction Regimens*
Combination Abbreviation(s)
Bortezomib/dexamethasone (dex)† VD or Vd
Bortezomib/cyclophosphamide/dex CyBorD
Bortezomib/doxorubicin/dex†
Bortezomib/lenalidomide/dex VRD or VRd
Bortezomib/thalidomide/dex† VTD or VTd
Lenalidomide/dexamethasone† RD or Rd
Bortezomib/dex VD or Vd
Lenalidomide/low-dose dex† Rd
Bortezomib/cyclophosphamide/dex
Bortezomib/lenalidomide/dex
Bortezomib/thalidomide/dex† VMP or MPB
Lenalidomide/dexamethasone† MPR or MPL
Melphalan/prednisone/thalidomide† MPT

NCCN Preferred Regimens - Category 1

Combination therapies have 
demonstrated improved response 
rates, progression-free survival, 
and/or overall survival compared 
to single agents

*NCCN Guidelines Multiple Myeloma Version 3.2016
†Category 1

Tr
an

sp
la

nt
N

on
-t

ra
ns

p.

Supportive and palliative 
care should be provided 
concurrently with disease 
modifying treatment 
bisphosphonates, antibiotics, 
and reduced doses of 
steroids
Improving quality of life and 
survival has become an 
important goal of treatment



Immunomodulatory Agents

Agent/Class Dosing and Route of Administration

Lenalidomide1

Immunomodulatory
agent

 25 mg/day by mouth for induction
 Variable dosing in combination regimens
 Dose modification based on renal function, cytopenias 

Pomalidomide2

Immunomodulatory
agent

 4 mg/day on days 1-21 using a 28-day cycle
 Dose modifications for cytopenias

Thalidomide3

Immunomodulatory
agent

 50-200 mg/day by mouth at bedtime
 Variable dosing in combination regimens
 Dose modification for neuropathy, cytopenias

1. Lenalidomide [package insert]. 2. Pomalidomide [package insert]. 3. Thalidomide 
[package insert].



Proteasome Inhibitors
Agent Dosing and Route of Administration
Bortezomib1  1.3 mg/m2 IV or SC on days 1, 4, 8, 11, every 21 days 

x 2 cycles, then weekly dosing 3 wks on/1 wk off
 Variable dosing as a single agent and in combination 

regimens
 Dose modification for neuropathy, cytopenias

Carfilzomib2  20 mg/m2 IV (cycle 1), 27 mg/m2 (cycles 2-12) on 
Days 1, 2, 8, 9, 15, 16, every 28 days
 Dose modifications for cytopenias, cardiopulmonary 

symptoms
Ixazomib3  Recommended starting dose of 4 mg taken orally on 

days 1, 8, and 15 of a 28-day cycle
 Dose should be taken at least 1 hour before or at 

least 2 hours after food
 Dose modification for moderate or severe hepatic 

impairment, or renal impairment

1. Bortezomib [package insert]. 2. Carfilzomib [package insert]. 3. Ixazomib [package 
insert]



Clinical Considerations 
in Induction Therapy

• High tumor burden
– Pulse dexamethasone
– Combination therapies with alkylators 

and IMiDS and bortezomib

• Renal failure
– Pulse dexamethasone
– Proteasome Inhibitor +/- alkylator
– Renal dosing required for selected 

agents - may benefit from graduated 
induction

• Hypercalcemia
– Pulse dexamethasone
– Bisphosphonates
– Risk-adapted induction 

• Frail
– Avoid high-dose dexamethasone
– Dose modifications may be indicated 

for selected agents

• Clotting or bleeding history
– Assess risk of use of IMIDs 
– Evaluate platelet function with 

concurrent use of anticoagulation/ 
anti-platelet agents 

• Preexisting neuropathy
– Assess use of bortezomib/ 

thalidomide

Niesvizky R, et al. Oncology (Williston Park). 2010;24:14-21; NCCN. Clinical practice guidelines in 
oncology: multiple myeloma. v.3.2016. ; Stadtmauer EA. Oncology (Williston Park). 2010;24:7-13.

For induction therapy in transplant eligible patients, triple therapy is 
recommended with VRd as the recommended initial regimen

Presenter
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ReferencesNCCN Clinical Practice Guidelines in Oncology: Multiple Myeloma—v.3.2016. Niesvizky et al. Oncology. 2010;24(3 suppl 2):14-21.Stadtmauer. Oncology. 2010;24(3 suppl 2):7-13.



Expected Side Effects of Front-Line Therapies: 
IMiDs

Side effect Thalidomide Lenalidomide Pomalidomide

Peripheral 
neuropathy

√

Deep vein 
thrombosis

√
More with dex

√
More with dex

√
More with dex

Myelosuppression √
Neutropenia

√
Neutropenia, 

thrombocytopenia, 
anemia

√
Neutropenia, 

thrombocytopenia, 
anemia

Fatigue, weakness √ √ √

Sedation √

Rash √ √ √

Gastrointestinal 
disturbance

√
Constipation

√
Constipation, diarrhea

√
Constipation, diarrhea

Renal/Hepatic √
Reduce dose for 
decreased CrCL

CrCL, creatinine clearance; dex, dexamethasone; len, lenalidomide.
Velcade prescribing information; Revlimid prescribing information; Thalomid prescribing information; Pomalyst
prescribing information; Kyprolis prescribing information.
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Considerations for Selected TherapiesPatient considerations will dictate the therapy that may be most appropriateThis slide highlights boxed warnings and more common side effects and seen with several regimens and nursing considerations for these therapiesFor example, when I have a patient who begins on lenalidomide or pomaldomide, I advise the patient of major side effects such as deep vein thrombosis, myelosuppression, and birth defects. Revlimid [prescribing information]. Summit, NJ: Celgene Corp. http://www.revlimid.com/wp-content/uploads/2013/11/PI.pdf. Accessed May 11, 2015.Thalomid [prescribing information]. Summit, NJ: Celgene Corp. http://www.thalomid.com/pdf/thalomid_pi.pdf. Accessed May 11, 2015.Pomalyst [prescribing information]. Summit, NJ: Celgene Corp. http://www.pomalyst.com/wp-content/uploads/2013/08/prescribing_information.pdf. Accessed May 11, 2015.



Expected Side Effects of Front-Line Therapies: 
Proteasome Inhibitors

Side effect Bortezomib Carfilzomib Ixazomib

Peripheral neuropathy √

Myelosuppression √
Thrombocytopenia

√
Neutropenia, 

thrombocytopenia, 
anemia

√
Neutropenia, 

thrombocytopenia, 
anemia

Hypotension √

Cardio/Pulmonary √ √ √
ECG abnormalities

Fatigue, weakness √ √

Viral reactivation of 
herpes zoster

√ √ √

Gastrointestinal 
disturbance

√
Nausea and vomiting, 

diarrhea

√
Nausea and vomiting, 
diarrhea, constipation, 

mucositis/stomatitis

√
Diarrhea

Renal/Hepatic √
Hepatic

CrCL = creatinine clearance; dex = dexamethasone
Velcade prescribing information; Revlimid prescribing information; Kyprolis prescribing information.
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Presentation Notes
Considerations for Selected TherapiesPatient considerations will dictate the therapy that may be most appropriateThis slide highlights boxed warnings and more common side effects and seen with several regimens and nursing considerations for these therapiesSide effects of bortezomib are shown when it is used alone or in combination with doxorubicin or melphalan/prednisoneFor patients who begin carfilzomib or bortezomib, myelosuppression and cardiopulmonary effects may occur. These individuals should also receive acyclovir or valacyclovir to prevent shingles. Velcade [prescribing information]. Cambridge, MA: Millennium Pharmaceuticals, Inc. http://www.velcade.com/files/pdfs/velcade_prescribing_information.pdf. Accessed May 11, 2015.Revlimid [prescribing information]. Summit, NJ: Celgene Corp. http://www.revlimid.com/wp-content/uploads/2013/11/PI.pdf. Accessed May 11, 2015.Thalomid [prescribing information]. Summit, NJ: Celgene Corp. http://www.thalomid.com/pdf/thalomid_pi.pdf. Accessed May 11, 2015.Pomalyst [prescribing information]. Summit, NJ: Celgene Corp. http://www.pomalyst.com/wp-content/uploads/2013/08/prescribing_information.pdf. Accessed May 11, 2015.Kyprolis [prescribing information]. South San Francisco, CA: Onyx Pharmaceuticals, Inc.  http://www.kyprolis.com/prescribing-information. Accessed May 11, 2015.Farydak [prescribing information]. 2015. East Hanover, New Jersey: Novartis Pharmaceutical Corporation. http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/205353s000lbl.pdf. Accessed May 11, 2015.



SWOG S0777: Newly Diagnosed MM
Study Design
Randomized phase III trial of VRd vs. 
Rd in previously untreated active 
MM
– VRd x eight 21-day cycles  

• Len 25 mg/d; dex 40 mg weekly
• n = 230 

– Rd x six 28-day cycles
• Len 25 mg, dex 20 mg 

2 consecutive days each week
• n = 243

– Followed by: Rd maintenance 
until PD, unacceptable toxicity, or 
withdrawal of consent

Outcomes

•Primary end point: PFS
•Secondary end points: ORR, OS, 
safety

Timeline:
•Median follow-up: 55 mo; median 
time on maintenance: 385 days

Prophylaxis 
•All pts received aspirin 325 mg/day; 
bortezomib pts received HSV 
prophylaxis

Durie B, et al. ASH 2015. Abstract 25.
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Presentation Notes
VRd has increasingly become the preferred initial therapy for newly diagnosed multiple myeloma. The randomized phase III SWOG S0777 study was designed to compare six 28-day cycles of this triplet regimen with eight 21-day cycles of the doublet regimen, Rd.Following the initial VRd or Rd regimens, Rd maintenance was administered until disease progressive disease, unacceptable toxicity, or withdrawal of consent. The study included both transplantation-eligible and transplantation-ineligible patients with previously untreated active MM (N = 525). The primary endpoint was PFS, with secondary endpoints of ORR, OS, and safety.



SWOG S0777: Key Takeaways 

Durie B, et al. ASH 2015; Abstract 25.

PFS

Safety

OS

Survival (mo)
VRd

(n = 242)
Rd

(n = 229) HR P Value

Median PFS 43 30 0.712
(0.560 - 0.906) .0018*

Median OS 75 64 0.709 
(0.516 - 0.973) .025†

Adverse Event,* %
VRd

(n = 241†)
Rd

(n = 226†) P Value
Grade ≥ 3 AE
Neurologic
Pain
Sensory
Gastrointestinal

33
12
23
22

11
4
3
8

< .0001
.0002
.004
NR

Secondary primary 
malignancies 4 4

VRd induction followed by continuous Rd maintenance represents 
potential new standard of care for newly diagnosed MM

Presenter
Presentation Notes
The primary endpoint was PFS, with secondary endpoints of ORR, OS, and safety. Durie and colleagues showed that the addition of bortezomib to lenalidomide/dexamethasone significantly improved median PFS (VRd vs. Rd: 43 vs. 30 months, respectively; HR: 0.712; P = .0018) and median OS (VRd vs. Rd: 75 vs. 64 months, respectively; HR: 0.709; P = .025) in these patients with newly diagnosed MM. This is the first study that clearly demonstrates an OS improvement when using a triplet regimen compared with a doublet regimen, which confirms what has long been suspected in this particular setting. The safety profile associated with the addition of bortezomib to Rd therapy appears to be manageable. No significant increase in overall toxicity compared with Rd alone occurred except for elevated rates of neuropathy.Importantly the protocol required IV Bortezomib with the initiation of therapy.  A change to SC Bortezomib was only allowed after establishment of grade 2 or greater neurotoxicity



IFM/DFCI 2009: Phase III, Randomized 
Symptomatic, Newly Diagnosed 

MM Patients (N = 700) 
Study design
• Pts 65 yrs of age or younger  

with symptomatic, 
measurable NDMM

• RVd x 8 followed by Rd 
maintenance
– RVd: bortezomib 1.3 mg/m2

IV on days 1, 4, 8, 11 + 
lenalidomide 25 mg on days 
1-14 + dexamethasone 20 mg 
on days 1, 2, 4, 5, 8, 9, 11, 12

VS
– RVd x 3 -> cyclophosphamide 

mobilization -> MEL200 + 
HSCT -> R maintenance

Outcomes
• Primary objective: PFS
• Secondary objectives: ORR, 

MRD, TTP, OS, safety

Attal M, et al. ASH 2015. Abstract 391.  



IFM/DFCI 2009: Phase III, Randomized 
Symptomatic, Newly Diagnosed MM Patients 

(N = 700): Key Takeaways

PFS

OS

Despite a very effective regimen such as VRd, adding transplantation as a part of the 
continuum of therapies certainly seems to increase the depth of response, and these patients 
do well

Parameter
RVd

(n = 350)
Transplantation

(n = 350) P Value

Median follow-up, mo 41 41

Progression or death, n 204 158

Median PFS, mo 34 43

4-yr PFS, % 35 47

HR (95% CI) 1 0.69 (0.56-0.84) < .001

4-yr survival, % 83 81

HR (95% CI); P value 1.2 (0.7-1.8); NS

Attal M, et al. ASH 2015. Abstract 391. 
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This second interim analysis of IFM/DFCI 2009 demonstrated a clear 4-year PFS benefit favoring the group that had high‑dose therapy and early transplantation (ASCT vs. VRd: 47% vs. 35%; P < .001). In addition, this PFS benefit was associated with a higher ORR (ASCT vs. VRd: 99% vs. 98%; P = .02) and a better rate of ≥ very good PR as well (ASCT vs. VRd: 88% vs. 78%; P = .001). At this relatively short time of follow-up, no difference in OS was observed. By recommendation of the independent data and safety monitoring board, IFM/DFCI 2009 was halted after this analysis with a median follow-up of 39 months.



IFM/DFCI 2009: Phase III, Randomized Symptomatic, 
Newly Diagnosed MM Patients 

(N = 700): Key Takeaways

Safety

Despite a very effective regimen such as VRd, adding transplantation as a 
part of the continuum of therapies certainly seems to increase the depth of 
response, and these patients do well.

Attal M, et al. ASH 2015. Abstract 391. 

Event, %
RVd

(n = 350)
Transplantation

(n = 350)

Neutropenia 31 89

Thrombocytopenia 9 78

Infection 10 18

Thromboembolic events 4 5

Peripheral neuropathy 11 11
Secondary primary 
malignancies 3 5

Presenter
Presentation Notes
This second interim analysis of IFM/DFCI 2009 demonstrated a clear 4-year PFS benefit favoring the group that had high‑dose therapy and early transplantation (ASCT vs. VRd: 47% vs. 35%; P < .001). In addition, this PFS benefit was associated with a higher ORR (ASCT vs. VRd: 99% vs. 98%; P = .02) and a better rate of ≥ very good PR as well (ASCT vs. VRd: 88% vs. 78%; P = .001). At this relatively short time of follow-up, no difference in OS was observed. By recommendation of the independent data and safety monitoring board, IFM/DFCI 2009 was halted after this analysis with a median follow-up of 39 months.



IFM/DCFI 2009: Overall Conclusions

• ASCT vs. RVD in pts with NDMM is associated 
with: 
– 31% reduced risk of progression or death 

(P < .001)
– Improved TTP and rate of MRD negativity
– Similar, low rate of mortality

• Longer follow-up required to make any 
conclusions about OS

• ASCT should remain a standard of care for eligible 
pts with myeloma 

• Similar, confirmatory trial ongoing in US
Attal M, et al. ASH 2015. Abstract 391. 

Presenter
Presentation Notes
ASCT, autologous stem cell transplantation; MRD, minimal residual disease; NDMM, newly diagnosed multiple myeloma; RVD, lenalidomide, bortezomib, dexamethasone; TTP, time to progression.



MRD Sub-studies of IFM/DFCI 2009

MRD Assessment
• Bone marrow MRD 

evaluation planned before 
and after maintenance for 
pts achieving ≥ VGPR in 
either arm

• Primary objective: assess 
MRD by FCM

• Secondary objective: assess 
MRD by NGS (n = 289)

Imaging (IMAJEM) Sub-
study
Evaluation of Imaging, MRD 
and survival based on 
imaging
• MRI or PET/CT  at 

diagnosis
• MRI or PET/CT after 3 

cycles of RVD
• MRI or PET/CT before 

maintenance

NGS = next generation sequencing; MRD = minimal residual disease  

Avet-Loiseau H, et al. ASH 2015. Abstract 191; Moreau P, et al. ASH 2015. Abstract 395. 
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Presentation Notes
One of the interesting sub-studies of the IFM/DFCI 2009 trial assessed MRD negativity at various time points with flow cytometry and next-generation sequencing. Avet-Loiseau and colleagues performed bone marrow MRD evaluation before and after 12-months of lenalidomide maintenance in any patient achieving ≥ very good PR in either arm. Primary analyses assessed MRD by flow cytometry, whereas secondary analyses employed next-generation sequencing (n = 289).The second sub-study of IFM/DFCI 2009 is the imaging analysis IMAJEM. Here, Moreau and colleagues examined MRI or PET/CT scans that were performed at diagnosis, after 3 cycles of VRd, or before 12-month lenalidomide maintenance in 134 patients. 



MRD Sub-studies of IFM/DFCI 2009

MRD Assessment
• MRD-negative status 

significantly predictive of 3-yr 
PFS

• NGS offers improved MRD 
sensitivity (< 10-6) over FCM 
and is feasible in most pts

• MRD negativity at 10-6 level 
strongly predictive of 3-yr PFS, 
including pts who achieve CR 
and those with t(4;14) and in 
both treatment arms

• Investigators concluded: 
• Sensitive MRD evaluation may 

identify pts cured of myeloma
• Warrants further evaluation in 

clinical trials

Imaging (IMAJEM) Sub-study 
• PET/CT and MRI both effective in 

detecting bone lesions at 
diagnosis 

• MRI negativity was not prognostic 
for PFS, OS during follow-up

• PET/CT negativity after 3 cycles of 
chemotherapy and before 
maintenance is prognostic for PFS

• PET/CT negativity before 
maintenance is prognostic for OS

• PET/CT and flow cytometry can be 
complementary when evaluating 
MRD status

Avet-Loiseau H, et al. ASH 2015. Abstract 191; Moreau P, et al. ASH 2015. Abstract 395. 
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Presentation Notes
Next-generation sequencing offered improved sensitivity over flow cytometry analyses in the detection of MRD negativity. In samples collected before lenalidomide maintenance, 51% of patients deemed MRD negative by flow cytometry tested MRD positive by next-generation sequencing. Similarly, in samples taken after lenalidomide maintenance, this metric was 38%. Overall, MRD negativity by next-generation sequencing was significantly predictive of very long PFS, which speaks to the ability of a planned treatment approach (induction, transplantation, consolidation, maintenance, with fixed-duration therapy) to put a significant number of patients in the long-term disease-free setting. At diagnosis, spine/pelvis MRI and whole-body PET/CT both proved to be effective methods of detecting bone lesions. Over time, however, MRI negativity was not prognostic during follow-up, whereas PET/CT negativity was associated with improved PFS after 3 induction cycles (P = .04) and before maintenance (P < .001) and improved OS before maintenance (P = .003). Moreau and colleagues also suggested that patients with a negative result on both PET/CT scan and flow cytometry–based bone marrow testing had significantly improved PFS compared with patients who were positive for either one or both of these assessments (P = .02). This synergistic approach for assessing MRD highlights the need to look inside of the bone marrow by flow cytometry and also outside the bone marrow with imaging techniques such as PET. These findings support new revisions being implemented for response criteria.
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