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LEARNING OBJECTIVES

•Describe the physiologic/molecular bases for myeloma bone 
disease

 

•Define how treatment with a bisphosphonate differs from 
treatment with denosumab and the potential for subsequent 
fracture risk with therapy discontinuation

•Recognize the skeletal significance of MGUS
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• 80-90% of patients with myeloma have bone involvement

•Spine, ribs, pelvis, skull, femur, humerus

• Severe Features

•Intractable pain

•Increased fracture risk

•Hypercalcemia (high blood calcium)

•Risk for nerve compression

• Also generalized bone loss (osteoporosis)

SKELETAL LESIONS IN MYELOMA
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FRACTURE INCIDENCE IN 168 PATIENTS 
WITH MULTIPLE MYELOMA

Melton et al J Bone Miner Res. 2005; 20:487-93. 

Melton et al. (2004) J Bone Mineral Res. 20:487
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SITE-SPECIFIC FRACTURE RISK IN MYELOMA

Site Relative Risk

Thoracic/lumbar vertebrae 33

Ribs 15

Clavicle/scapula/sternum 13

Cervical vertebrae 7.4

Arm (other than humerus) 6.9

Pelvis 6.1

Humerus 1.8

Melton et al. (2004) J Bone Mineral Res. 20:487
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SIGNIFICANT FACTORS FOR INCREASED RISK OF 
DEATH IN MULTIPLE MYELOMA

Terpos et al. Leukemia 2010; 24:1043
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MYELOMA BONE DISEASE

Myeloma cells

Tumor-derived osteoclast 

activating factors

• Macrophage 

inflammatory 

protein-1 alpha

• Interleukin-3

Tumor-derived osteoblast 

inhibitory factors

• Dickkopf1 (DKK1)

• IL-3

• sFRP2

• IL-7

Bone

Osteoclast Osteoblasts

(+)
(–)

(+) Stromal cells

Adapted from Roodman. N Engl J Med. 2004;32:290-292.
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Bone 

Formation

Bone 

Resorption

Net Result = Bone Loss

MYELOMA CELLS DISRUPT BONE REMODELING
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CLINICAL CONSEQUENCES OF MYELOMA BONE 
DISEASE 

• Pathological fractures

• Non-vertebral

• Vertebral compression

• Spinal cord compression/collapse

• Radiation therapy

• Surgery to bone

• Hypercalcemia

• Bone pain 

• Use of analgesics 

• Quality-of-life effects

• Survival

*SREs

*SREs- skeletal-related events 
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PHARMACOLOGIC MANAGEMENT OF 
MYELOMA BONE DISEASE

•Current recommendations 

-   Pamidronate (Aredia) 90 mg/monthly (or less often)

- Zoledronate (Zometa) 4 mg/monthly (or less often)

- Denosumab (Xgeva) 120 mg/monthly

•Anti-resorptives improve skeletal outcomes

-  Bone pain

-  Hypercalcemia

-  Fractures
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BISPHOSPHONATES TARGET MATURE OSTEOCLASTS

Apoptotic osteoclastNormal

Osteoclast

Bisphosphonate-

treated

Osteoclast

Bone Bone

BP BP

BP BP

Bone

BP BP

BP BP
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TIME TO FIRST SRE WITH PAMIDRONATE

Berenson et al. (1996) NEJM 334:488.
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SKELETAL RELATED EVENT RISK – 

ZOLEDRONATE VS PAMIDRONATE

Lipton et al. (2003) Cancer J. 98:1735.
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DENOSUMAB INHIBITS OSTEOCLAST FORMATION 

RANK Ligand

RANK

Denosumab

Activated Osteoclast

Osteoblast

Osteoclast

Precursor
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PRIMARY ENDPOINT: NON-INFERIORITY FOR TIME TO FIRST ON-

STUDY SKELETAL RELATED EVENT

HR (95% CI) = 0.98 (0.85, 1.14); P=0.01 (Noninferiority) 

Raje et al Lancet Oncol. 2018; 19:370
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BONE LOSS WITH DENOSUMAB 
DISCONTINUATION

Tsourdi et al. Bone (2017) 105:11
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17

Lamy et al. (2017) JCEM.  102:354-358
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DENOSUMAB THERAPY CONSIDERATIONS

• Denosumab does not cause osteoclast apoptosis like bisphosphonates; rather it 
prevents pre-osteoclasts from becoming active osteoclasts.

• Therefore, any treatment with denosumab must be followed by a bisphosphonate 
(such as zoledronate) to limit rebound bone resorption.  

• The timing of bisphosphonate treatment relative to the last dose of denosumab is not 
clear.

• RANKL is not specific to osteoclasts but has a role in the regulation of other immune 
cells.  This may explain the slightly increased rates of infection in denosumab-treated 
patients.

• Denosumab may be a good option in patients with kidney dysfunction
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MULTIPLE MYELOMA WITHOUT BONE 
LESIONS

• Limited data exists on the routine use of bisphosphonates in myeloma 
patients without osteolytic disease

• Data from the MRC IX Trial showed that myeloma patients without bone 
lesions at baseline who received zoledronate had fewer skeletal related 
events compared to patients treated with clodronate

• Guidelines from the European Myeloma Network suggest that patients with 
symptomatic patients but without lytic lesions can be treated with 
zoledronate based on this data 

Morgan et al (2011) Lancet Oncology 12:743; Terpos (2015)  Haematologica  100:1254.
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BONE LOSS ALSO OCCURS IN MGUS

• MGUS is a common pre-malignant condition with an ~ 1% annual risk 
of progression to MM

• MGUS prevalence increases with age and affects ~ 3.4 million 
Americans

• 3.2% adults aged > 50 years

• 7.5% adults aged > 85 years

Kyle et al. (2006) NEJM 354:1363; Melton et al. (2004) J Bone Miner Res. 19:25.
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FRACTURE RISK IS INCREASED IN MGUS

Melton et al. (2004) JBMR 19:25; Kristinsson et al. (2010) Blood 116:2651
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MGUS Patients have Decreased Volumetric 

Bone Mineral Density and Microstructure

Trabecular vBMD (mg/cm3)

Trabecular BMD (mg/cm3)

Cortical vBMD (mg/cm3)

Controls

(Mean±SEM)

335±7

161±4

862±7

MGUS

(Mean±SEM)

300±10

150±6

822±12

Difference

(%)

-10.4%

 -6.8%

 -4.7%

P-value

0.005

0.080

0.001

Cortical Thickness (mm)

Trabecular Thickness (mm)

0.88±0.03

0.074±0.001

0.80±0.03

0.068±0.001

-9.5%

-8.1% 

0.029

0.004

Ng et al. (2011) Blood 118:6529 
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MGUSControl

MGUS is Associated with Increased Cortical Porosity

Farr et al. (2014) Blood 123:647.
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25
Drake (2014) J Bone Min Res.  29:2529 
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BISPHOSPHONATE USE IN MGUS

• Alendronate (70 mg/weekly) ↑ bone density at the spine and hip 
in osteoporotic MGUS patients

 

• Zoledronic acid (4 mg/every 6 months) ↑ bone density at the 
spine and hip in MGUS patients with osteopenia/osteoporosis

• Neither study was large enough to evaluate fracture as an 
endpoint

Pepe et al. (2008) Calcif. Tissue Int. 82:418; Berenson et al. (2008) Clin. Cancer Res. 14:6289.
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TREATMENT OF THE MGUS PATIENT

• Patients with MGUS are at increased fracture risk

• A pro-active approach is warranted

– May include DXA, counseling on fall risks, lifting recommendations, ensuring 
adequate calcium and vitamin D intake

• In patients with documented osteoporosis (by DXA, history of a fragility 
fracture, height loss, or kyphosis), medical intervention with anti-
resorptive therapy (such as a bisphosphonate) is warranted

• In patients with osteopenia, medical therapy to limit bone loss and 
fracture risk may be appropriate and must be considered carefully
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IMAGING GUIDELINES IN MONOCLONAL 
PLASMA  CELL DISORDERS

• Optimal imaging supports clinical care decisions

• Bone disease supports the immediate start of systemic therapy 

• Imaging can identify painful bone lesions or skeletal sites at increased 
risk for pathologic fractures or neurologic complications (spinal cord 
compression)

Hillengass et al./IMWG (2019) Lancet Oncol e302.
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QUESTIONS 
& DISCUSSION


	Slide 1
	Slide 2
	Slide 3
	Slide 4: Fracture Incidence in 168 Patients with multiple Myeloma
	Slide 5: Site-specific Fracture Risk in Myeloma
	Slide 6: Significant Factors for Increased Risk of Death in MULTIPLE MYELOMA
	Slide 7: Myeloma Bone Disease
	Slide 8
	Slide 9: Clinical Consequences of Myeloma Bone Disease 
	Slide 10: Pharmacologic Management of  Myeloma Bone Disease
	Slide 11
	Slide 12: Time to First SRE with Pamidronate
	Slide 13
	Slide 14
	Slide 15
	Slide 16: Bone Loss With Denosumab Discontinuation
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Bone Loss Also Occurs in MGUS
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Bisphosphonate Use in MGUS
	Slide 27: Treatment of the MGUS Patient
	Slide 28
	Slide 29: Imaging Guidelines in Monoclonal Plasma  Cell Disorders
	Slide 30: QUESTIONS  & DISCUSSION

