Bone disease: From physiopathology to treatment
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Multiple Myeloma (MM) is the most frequent cancer to involve the skeleton and induces osteolytic lesions that rarely heal. Myeloma bone disease is responsible for some of the most devastating complications of MM. MM patients experience two or more skeletal-related events per year and more than 1/3 of patients sustain a pathologic fracture within 21 months. These skeletal-related events include fracture, surgery to bone, radiation to bone, and hypercalcemia. Even with the best current treatment, MM patients still experience approximately one skeletal-related event every 12-18 months. These skeletal-related events can be devastating to the patients.  Seventy percent of patients present with bone pain, approximately 20% will present with a pathologic fracture at diagnosis, and over the course of their disease 60% of patients sustain a pathologic fracture.  Fractures in MM patients results in a 20% increase in mortality compared to patients without fracture and an incremental cost of $63,455 for care of MM patients with bone disease. Importantly, MM bone disease can continue to progress even when patients are in complete remission from their tumor. The reason myeloma bone disease is so catastrophic is that both osteoclast (OCL) formation and activity are markedly increased while osteoblast (OB) bone forming activity is severely suppressed. Suppression of OB activity persists even when patients are in long-term complete remission and MM tumor cells are no longer detectable.
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The MM bone microenvironment is highly complex and is composed of multiple cell types, matrix proteins and endothelial cells that contribute to tumor growth, immune dysregulation, chemoresistance and bone destruction.  How this microenvironment becomes so supportive of MM, and the contribution and interaction of the various components of the microenvironment to enhancing MM growth is only beginning to be understood (figure).

Bone cells and immune cells in particular contribute to these processes through production of cytokines and expression of adhesive molecules that increase MM cell growth, enhance the chemoresistance of MM to treatment, increase OCL formation and suppress OB differentiation, polarize T cell subsets from predominantly Th-1 to Th-17 and drive dendritic cell differentiation toward the OCL lineage. Th17+ T cells produce IL-17 which enhances the effects of RANKL to further drive osteoclastogenesis in MM. Tumor associated macrophages also play an important role in MM both through immunosuppression of host responses to tumor cells and serving as OCL precursors.  Preclinical models have clearly supported these findings that bone cells (OCL and OB precursors) play critical roles in myeloma bone disease in addition to their intrinsic capacity to resorb bone or form bone respectively.  Marrow stromal cells are early OB progenitors.  These early OB progenitors express high levels of RANKL and low levels of OPG, and thereby drive osteoclastic bone destruction.  Further, they produce high levels of IL-6 and express increased levels of VCAM-1, allowing docking of MM cells to marrow stromal cells that result in increased OCL activity and tumor growth. These adhesive interactions upregulate cytokine production by both the MM cells and the stromal cells.  Stromal cells from patients with MM also appear to be hyper-responsive to TNF and produce RANKL at much lower levels of TNF than normal marrow stromal cells.  Finally, stromal cells support the growth of 1o MM cells, and MM cells can be passaged over stromal cells or OCL while mature OB inhibit MM cell growth.  These results suggest that the blockade of OB differentiation in MM by DKK1, a Wnt antagonist, and activin A results in the induction of a conducive marrow microenvironment for growth of the tumor and osteoclastic bone destruction. Further, blocking OCL formation/activity with bisphosphonates or osteoprotegerin (OPG) decreases both tumor growth and bone destruction in preclinical models, and zoledronate has been reported to have both anti-osteoclast and anti-myeloma effects in patients in the MRC IX trial. In addition, the demonstration of the importance of RANKL in the bone destruction process of MM has led to the testing of Denosumab, a human monoclonal antibody against RANKL, in clinical trials of MM bone disease.  Similarly, enhancing stromal cell differentiation to OB with anti-DKK1 or an activin A receptor antagonist decreases tumor growth and bone destruction as well as increasing bone formation.  These important contributions of the marrow microenvironment to MM explain why treatments that target both the bone microenvironment as well as the tumor, such as bortezomib, which can both block tumor growth and increase OB differentiation, and the immunomodulatory drugs (IMiDs), which targets both MM cells and OCL, have been more effective than prior therapies for MM and have dramatically increased progression-free and overall survival of patients.  Unfortunately, MM is still incurable for the overwhelming majority of patients, and the bone disease remains a major contributor to the morbidity and mortality of MM patients. Thus, further dissecting the underlying pathophysiology of MM bone disease, as a means to develop new treatments to prevent and/or reverse MM bone disease, is critically important to improve both the quality of life and enhance survival of MM patients. In this presentation the pathophysiology of MM bone disease will be reviewed and agents that target these processes will be discussed.
