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Bone Involvement in 
Different Tumor Types

Disease 
prevalence 

(US)
(in 

thousands)

Incidence of 
bone 

metastases in 
patients with 

advanced 
disease (%)

Median 
survival of 

patients with 
bone 

metastases 
(months)

Myeloma 49.61 843 37–587

Lung 3271 30–402 8–104

Breast 2,0511 65–752 19–255

Prostate 1,4771 65–752 30–356

1. National Cancer Institute. Available at: http://seer.cancer.gov/csr/1973-1999/prevalence.pdf. Accessed 
1/27/2005. 2.Coleman RE. Oncologist. 2004;9(suppl 4):14-27. 3. Kyle RA et al. Mayo Clin Proc. 2003;78:
21-33. 4. Smith W et al. Semin Oncol. 2004;31(suppl 4):11-15.  5. Lipton A. J Support Oncol. 2004;2:205-213. 
6. Tu S-M, Lin S-H. Cancer Treat Res. 2004;118:23-46.  7. Palumbo A et al. Blood. 2004;104:3052-3057.



Courtesy  of Dr. H Mankin, 
Mass General Hospital





Fracture Incidence in 168 
Myeloma Patients

Melton et al.  JBMR 2005



Bone Density Loss in
Multiple Myeloma

Diamond T et al. Br J Haematol. 1997;97:641-648.
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Normal Bone Remodeling is 
a Coupled Process

Courtesy of  Dr. G R Mundy, Vanderbilt University



Bone Remodeling is Uncoupled in MM

Adapted from Hattner R et al. Nature. 1965;206:489.

Normal Myeloma





Bone Scans in Myeloma Can Underestimate 
Bone Involvement



Treatment of MM Bone 
Disease

• Bisphosphonates
• Surgical procedures 

–Vertebroplasty
–Balloon Kyphoplasty

• Radiotherapy
• Treatment of myeloma



1. Fourney DR et al. J Neurosurg Spine. 2003;98:21-30.  2. Dudeney S et al. J Clin Oncol. 2002;20:
2382-2387. 3. Lane JM et al. Clin Orthop. 2004;426:49-53.

Kyphoplasty for Vertebral 
Compression Fracture

Advantages:
• Relieves pain1,2

• Restores 34% 
to 53% of 
vertebral 
height1-3

• Cement leakage 
occurs in ~4%2

Image accessed February 3, 2005 at www.kyphon.com.



Pamidronate in Multiple Myeloma

Any skeletal-
related events

All 
fractures

Vertebral 
fracture

Radiation  
to bone

Hypercalcemia

*21-month data.
Berenson JR et al. J Clin Oncol. 1998;16:593-602.
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Zoledronic Acid and 
Pamidronate Multiple Myeloma

SREs=skeletal-related events.
Adapted with permission from Rosen LS et al. Cancer J. 2001;7:377-387.
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Issues with BP Therapy

• Renal Toxicity
• Osteonecrosis of the jaw
• Decreases skeletal events by 50%; 

patients still progress but at a slower 
rate

• No clear anti-tumor activity



Renal Profile of Pamidronate and Zoledronic
Acid in Patients With Metastatic Breast 

Cancer or Multiple Myeloma

Adapted with permission from Berenson JR. Oncologist. 2005;10:52-62.
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ONJ: Clinical Description

• Clinical Features of 
Suspected ONJ

• Exposed bone in maxillofacial area 
that occurs in association with 
dental surgery or occurs 
spontaneously, with no evidence of 
healing*

• Working Diagnosis of 
ONJ

• No evidence of healing after 
8 weeks of appropriate evaluation 
and dental care

• No evidence of metastatic disease 
in the jaw or osteoradionecrosis



Risk Factors Linked to 
ONJ

• Invasive Dental Procedure- surgery 
or extraction

• Longer time from diagnosis (median 
4.2 years for patients with ONJ)

• Age
• Many of the patients had 

osteomyelitis and positive cultures for 
actinomycetes or mixed flora

Badros et al. JCO 24:945,2006



Management of ONJ

• Current management of ONJ is empirical. At present,  a 
conservative approach is recommended. This includes  
antibiotics, oral rinses, pain control, and limited  
débridement.  

• Cases refractory to conservative management may 
benefit from investigational therapies. The role of  
surgical treatment and hyperbaric oxygen therapy ar e 
still under investigation.

ASBMR TASK FORCE on BP –Associated ONJ 2007





Myeloma Bone Disease

Myeloma cells

Tumor-derived osteoclast
activating factors

• Macrophage 
inflammatory 
protein

• Interleukin-3

Tumor-derived osteoblast
inhibitory factors

• Dickkopf1, IL-3

Bone

Osteoclast Osteoblasts

(+) (–)(+)

Stromal cells

– RANKL
– Interleukin-6

Derived from Roodman GD. N Engl J Med. 2004;32:290-292.



Factors Increasing OCL Activity 
in MM

• RANK Ligand

• OPG

• MIP-1 alpha

• IL-3



RANKL

• TNF superfamily member, expressed on 
surface of marrow stromal cells and 
osteoblasts

• Binds with and activates RANK on 
osteoclast and osteoclast precursor cells

• Induces differentiation and fusion of 
precursors into mature, active, functional 
osteoclasts 

Reviewed in Kostenuik. Curr Opin Pharmacol. 2005;5:618. 





RANKL/OPG Ratio: 
Maintaining Homeostasis

Hofbauer and Schoppet. JAMA. 2004;292:490.

Prevents Promotes

Osteoclastic Activity

RANKLOPG



The RANK/RANKL/OPG Pathway 
in Osteolytic Bone Disease

Adapted from Roodman. N Engl J Med. 2004;350:1655.

Prevents Promotes

Increased Osteoclastic
Activity and 

Decreased OPG May 
Lead to Increased 
Bone Destruction

OPG RANKL



RANK L

OPG

RANK Ligand is Increased and OPG is 
Decreased in Myeloma

Pearse et al PNAS 2001





Survival of Patients With Multiple 
Myeloma: Soluble RANKL/OPG 
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AMG 162 (Denosumab)

•High Affinity Human monoclonal 
antibody that binds RANKL

•Specific: does not bind to TNF aaaa, TNFbbbb, 
TRAIL, or CD40L

• Inhibits formation and activation of 
osteoclasts



Effect of Denosumab vs Pamidronate on 
Urinary NTX in Patients With Multiple Myeloma

Body et al. Clin Cancer Res. 2006;12:1221.
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Phase 2 Study of Denosumab in 
Relapsed or Plateau-Phase MM

Effective for myeloma bone disease
Median changes in bone resorption

markers were -70% and -52% for 
relapsed and PP patients.

Vij R et al, Blood 118:1054A,2007



Inhibitors of Bone Formation in Myeloma



DKK1 and sFRP-2 in 
Myeloma Bone Disease

• Inhibitors of the WNT signaling pathway

• WNT signaling is a critical pathway for 
OBL differentiation

• Secreted by myeloma cells 

• Marrow plasma from patients with high levels of 
DKK1 or sFRP-2 inhibit murine OBL differentiation

• DKK1 gene expression levels correlated with extent

Tian et al NEJM 349:2483,2003, Oshima et al.Blood.;106:3160, 2005



Anti-DDK1 Increases Bone Formation in 
the SCID-Rab MM Model

Yaccoby,S et al.Blood. 2006 Oct 26



Bortezomib / Lenalidomide in MBD

Roodman GD JCI2008 Feb;118(2):462-4 
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Thalidomide and IMiD CC-4047 
inhibit Osteoclast Formation

Anderson G, et al Blood. 2006 Apr 15;107(8):3098-105

HBM= healthy bone marrow
MMBM=multiple myeloma bone marrow



CC-4047 inhibits Osteoclast and Induces 
Granulocyte Development

Control CC-4047 100uM added 2x week

Anderson G, et al. Blood. 2006 Apr 15;107(8):3098-105
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CC-4047 inhibits Development of Osteoclast 
Precursors: CFU-GM and Increasing CFU-G

Anderson G, et al. Blood. 2006 Apr 15;107(8):3098-105



Proteasome Inhibitors Block OCL 
Differentiation and Function

Zavrski I, Krebbel H, Wildemann B, Heider U, Kaiser M, Possinger K, Sezer O.
Biochem Biophys Res Commun. 2005, 333(1):200-5



Proteosome Antagonists and
Bone Formation in Animal Models 

• Increase BMP2 production
• Block DKK1 production by 

osteoblasts and stromal cells in 
the marrow



Garrett IR, Chen D, Gutierrez G, Zhao M, Escobedo A, Rossini G, Harris SE, Gallwitz W, Kim KB, Hu S, Crews CM, Mundy 
GR.J Clin Invest. 2003 Jun;111(11):1771-82

Proteasome Inhibitors Increase Bone Formation



Bortezomib Decreases Bone 
Resorption Markers in 

Responding MM Patients

Giuliani et al BLOOD 2007 :110,334



Bone-specific Alkaline Phosphatase Before and 
3 Months After Initiation of Bortezomib in 25 

Patients with Myeloma . Regardless of Response

Heider U, Kaiser M, Müller C, Jakob C, Zavrski I, Schulz CO,
Fleissner C, Hecht M, Sezer OEur J Haematol. 2006 233-8



Osteocalcin before Bortezomib and 3 months after 

Initiation of Bortezomib in 25 Patients with Myeloma

Heider U, Kaiser M, Müller C, Jakob C, Zavrski I, Schulz CO, Fleissner C, Hecht M, 
Sezer O.Eur J Haematol. 2006 Sep;77(3):233-8



ALP in responders (solid line) and non-responders ( broken 
line) enrolled in the Summit Trial (A), in the Bort ezomib arm 
of the APEX Trial (B), and in responders in Bortezo mib and 

Dexamethasone arms of the APEX trial (C)

Zangari M, Esseltine D, Lee CK, Barlogie B, Elice F, Burns MJ, Kang SH, Yaccoby S, 
Najarian K, Richardson P, Sonneveld P, Tricot G.Br J Haematol. 2005,71-73



Effect of Bortezomib on Bone Formation in 
MM Patients

GIULIANI et al BLOOD 2007 :110,334



Activin

Activin
Receptor
Type IIA

Activin stimulates 
osteoclasts

Reduced 
bone formation

Activin

Activin inhibits 
osteoblasts

Activin decreases 
bone mineral density

and strength

Activin
Receptor
Type IIA

Increased 
bone resorption

Osteoclast Osteoblast

Activin and Bone Growth



Activin A Levels are Elevated 
in Patients with MM

Activin A Levels are 
Increased in Bone Marrow 
Plasma of MM Patients

Activin A is produced by the 
microenvironment, notably 
BMSCs and Osteoclasts

Median Levels in 72h Culture 
Supernatants:
BMSCs: 2094 pg/ml
OCs: 1396 pg/ml
OBs: 200 pg/ml

Average Levels of Activin A in BM Sera of 
MM Pts:
MM: 119 +/- 143 pg/ml
Normal: 33 +/- 14 pg/ml

Normal

N Raje et al. 2008 AACR Annual Meeting Abstract #1521 



Activin A is a Key Mediator in the 
MM Tumor Microenvironment
MM cells stimulate production of 

Activin A by BMSCs
Activin A stimulates production 

of IL-6 by BMSCs

RAP-011 inhibits Activin A 
induced production of IL-6

N Raje et al. 2008 AACR Annual Meeting Abstract #1521 



ACE-011 Prevents Development 
of Myeloma Bone Lesions

Normal Mice Mice + tumor Mice + tumor

+ RAP-011

Croucher et al. 2007 XIth International Myeloma Workshop



Novel Therapeutic Targets for
MM Bone Disease

Target Potential Therapy

RANKL Anti-RANKL

MIP-1aaaa CCR1 Antagonist

DKK1/sFRP-2 Wnt Agonist, Anti-
DKK1,Bortezomib

Activin A ACE-011


