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Abstract

Manifestations of bone disease—osteopenia, osteolytic lesions, and fractures—are the hallmark of
multiple myeloma (MM) and occur clinically in the vast majority of patients. These abnormalities
can have devastating clinical effects by increasing both the morbidity and mortality of patients.
Bone disease is usually found when patients are diagnosed with active MM; however, recent data
suggest that it is present in early myelomagenesis, including patients with myeloma precursor
disease, monoclonal gammopathy of undetermined significance (MGUS). The primary
mechanisms of abnormal bone remodeling are increased osteoclastic activity, which occurs in
close proximity to active myeloma cells, and decreased activity of the surrounding osteoblasts.
Better understanding of the pathogenesis of bone disease in MM will allow us to enhance our
current therapeutic options in the treatment of bone disease. In patients with active MM and at
least one lytic lesion, intravenous bisphosphonates have been shown to decrease skeletal-related
events and pain, improve performance status, and maintain quality of life. Emerging evidence
suggests that intervention at earlier stages of disease may prevent skeletal-related events at time of
progression, but there is no evidence that bisphosphonates in this setting change the natural history
of the disease.

Multiple myeloma (MM) is a plasma cell dyscrasia, with 20,000 new cases diagnosed
annually in the United States.! It is characterized by plasma cell infiltration in the bone
marrow along with the production of a monoclonal immunoglobulin in the serum and/or the
urine. The diagnosis of active MM requires the demonstration of end-organ damage, which
includes hypercalcemia, anemia, renal insufficiency, and/or bone involvement. MM is
known to evolve from two precursor conditions: monoclonal gammopathy of undetermined
significance (MGUS) and smoldering multiple myeloma (SMM).2
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Bone disease and subsequent destruction is the hall-mark of MM and occurs in the vast
majority of patients with reported incidences varying, according to the literature, from 70%
to 95%.3 Overall, MM is the most common cancer to involve the bone. The manifestations
of bone involvement in patients with MM include osteopenia, osteolytic lesions, and
fractures, which can have devastating clinical effects by increasing both the morbidity and
mortality of patients (Figure 1). In a retrospective study by Saad et al in 2007, MM had the
highest incidence of bone fractures (53%) compared with breast (35%), prostate (19%), and
lung cancer (17%).% Other studies, such as a retrospective review of patients from 1945 to
2001 by Melton et al, have demonstrated fracture rates in MM as high as 81%.° In fact, MM
patients who develop pathologic fractures have a 20% increased risk of death.

In MM, bone remodeling is abnormal resulting in increased bone resorption combined with
decreased new bone formation. The primary cause of abnormal bone remodeling is
increased osteoclastic activity, which occurs in close proximity to active MM cells, and
decreased activity of the surrounding osteoblasts.8:” Histomorphometric studies have
demonstrated an increase in the activity and number of osteoclasts.”:8 In sharp contrast,
balanced bone remodeling with increased osteoclastogenesis combined with normal to
increased bone formation exists in myeloma patients in areas of bone without plasma cell
invasion.® Studies demonstrating increased markers of bone resorption (C-terminal
telopeptide of collagen type I, N-terminal telopeptide of collagen type 1) and decreased
markers of bone production (alkaline phosphatase, osteocalcin) provide additional evidence
of dysregulated bone resorption in patients with MM.10-12 The interaction between MM
cells, osteoclasts, osteoblasts, and other cells of the bone marrow microenvironment play
key roles in the development of bone disease in MM and in the growth and survival of MM
cells in the bone marrow.13 Research over the past decade has increased our understanding
of the bone marrow microenvironment and the crucial mediators in the pathophysiology of
the disease.

Bone disease is usually detected in patients with MM, traditionally by the skeletal survey.
However, this test requires significant bone destruction to occur (around 30% of the bone
architecture) to reveal osteolytic lesions. More recent data using more sensitive laboratory
techniques suggest that bone resorption is present in the precursor states of MM. Increased
markers of bone resorption have been demonstrated in some patients with MGUS compared
with normal healthy controls.11-13 Evidence of imbalanced or uncoupled bone remodeling
has also been demonstrated by histomorphometric studies in patients with MGUS.14 Small
studies have shown that the prevalence of osteoporosis is high in MGUS patients, increasing
the risk of fracture.1>-18 A recent study by Kristinsson et al looking at 5,326 MGUS patients
in Sweden demonstrated that when compared with matched controls, MGUS patients had a
significant increase in risk of fractures (hazards ratio = 1.74; 95% confidence interval [CI],
1.58-1.92) at 5 and 10 years.1® This data from both laboratory and clinical studies again
highlight the importance of bone dysregulation in the pathophysiology of patients with
plasma cell dyscrasias and suggest that abnormal bone remodeling is an early rather than
late finding.

Another intriguing aspect of MM is that bone involvement results in permanent scarring of
the bone. Persistent lytic lesions can be found in patients in remission with no evidence of
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marrow infiltration of malignant MM cells.20 Tian and colleagues demonstrated that an
antagonist of the Wnt signaling pathway, DKKZ1, is produced by MM cells and prevents the
osteoblast differentiation from bone marrow stromal cells.?! Increased bone production at
sites of injury to repair the damage occurs by the differentiation of mesenchymal stem cells
into osteoblasts.22 Bone repair appears inhibited at sites of osteolytic lesions in MM patients
most likely because of inhibition of osteoblastic activity by DKK1.3 Further understanding
of the bone microenvironment may allow repair of existing osteolytic sites in bone by
pathway interruption of inhibitory signals. Some studies suggest that bortezomib may have a
potential role in enabling bone repair by promoting bone formation, but these findings need
to be confirmed by studies looking at clinical end points specific to the bone.23

Thus, understanding the biology of bone disease has implications not only in diagnostics and
the implementation of therapeutic strategies but also in the design of future trials looking at
both treatment outcomes and prevention. This review discusses the role of osteoblasts and
osteoclasts in myelomagenesis, and it summarizes current treatment guidelines for bone
disease in patients diagnosed with MM. Also it discusses concepts of bone disease in early
myelomagenesis, and it proposes directions for new research and future early interventions.

OSTEOBLASTIC DYSREGULATION AND ACTIVITY IN MYELOMA

Initial theories on the development of bone disease in MM centered on increased osteoclast
activity and subsequent bone degradation. However, we now know that osteoblast
impairment plays a key role in the pathophysiology of MM bone disease. This finding is
evidenced by the inability of bone scans to detect abnormalities in the bones of MM patients.
While the interactions between MM cells and osteoblasts are complex and not entirely
understood, recent insights in the pathways involved in these interactions have been
elucidated (Figure 2). These pathways include both direct cell-to-cell interactions and
soluble osteoblast-inhibiting factors.24

In bone histomorphometric studies in a murine model of MM, Hjorth-Hansen found
significant osteoblastopenia (99% reduction in osteoblasts counts) along with decreased
bone formation in areas of tumor growth.2> Furthermore, Silvestris and colleagues showed
that osteoblasts isolated from patients with MM with active bone involvement are more
likely to undergo apoptosis due to high levels of cytokines and by direct interactions with
MM cells, resulting in ineffective new bone formation.2® Apoptosis of osteoblasts was also
demonstrated when the osteoblasts were co-cultured with MM cells.2” The impairment in
osteoblasts also results from the primary blockade of osteogenic differentiation of
mesenchymal progenitors into osteoblasts.28

Osteoblasts also may play a key role in both the growth and survival of MM cells. For
example, secretion of interleukin (IL)-6 is known to support the growth of MM cells. IL-6
secretion by osteoblasts in co-culture with MM cells suggests that osteoblasts may
contribute to the high IL-6 levels found in the bone marrow microenvironment.29
Osteoblasts may also contribute to the survival of MM cells through secretion of
osteoprotegerin, resulting in inhibition of TNF-related apoptosis-inducing ligand (TRAIL)-
mediated apoptosis.39 However, studies by Yaccoby et al demonstrate that osteoblasts may
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also inhibit the growth of MM cells in vivo.3! Thus, osteoblasts may have multiple actions in
the pathogenesis of MM, and conditions in the fluid microenvironment may dictate these
roles at various stages of the disease.

Role of Cell-to-Cell Interactions in Inhibition of Osteoblasts in MM Cells

Close cellular interactions between MM cells and osteoblast progenitors inhibit the
formation of mature osteoblasts.28 The differentiation of mesenchymal cells into osteoblasts
is mediated through the activity and function of a transcription factor Runx2/Cbfal.32 New
bone formation is stimulated by the interactions of Runx2/Cbfal with other transcriptional
factors such as Osterix.33 The importance of Runx2 in the formation of osteoblasts is
demonstrated in animal models where Runx2/Cbfal knockout mice demonstrated complete
absence of osteoblasts and bone formation.3* Increased activity of Runx2/Cbfal is
associated with differentiation of osteoblasts in humans without significant changes in
protein levels.32 However, bone formation can also be inhibited by the overexpression of
Runx2, suggesting that Runx2 may play a dual role in osteoblast differentiation depending
on the stage of development.32

Decreased Runx2/Cbfa 1 activity and subsequent inhibition of osteoblast differentiation in
MM bone disease has been demonstrated in humans.3> MM cells co-cultured with osteoblast
progenitors inhibited the formation and subsequent differentiation of osteoblasts.36 A
reduction in both early precursors of osteoblasts, fibroblast colony-forming units (CFU-F)
and more differentiated precursors such as the colony-forming osteoblasts units (CFU-OB)
were demonstrated along with decreased expression of biologic markers of osteoblast
differentiation such as collagen | genes, osteocalcin, and alkaline phosphatase.36 The
inhibition of the osteoblast progenitors was induced in human osteoprogenitor cells by
blocking the activity of Runz/Cbfa 1.32:36 The results are also supported by observations of
significant reductions in the proportion of Runx2-positive osteoblasts confirmed by
immunohistochemistry in osteolytic bone lesions of patients with bone disease when
compared to patients with no evidence of bone disease.36

Cell-to-cell interactions between osteoprogenitor cells and MM cells appear to play a key
role in the inhibition of osteoblast differentiation and the decreased activity of Runx2/Cbfa
1.33 Vascular cellular adhesion molecule-1 (VCAM-1) on stromal cells of the marrow and
very late antigen-4 (VLA-4) on myeloma cells appear to control the interaction between the
cells.37 Inhibition of Runx2/Cbfa 1 activity by myeloma cells was shown by adding an anti-
VLA-4 antibody to co-cultures of marrow stromal cells and myeloma cells.3” Additional
mediators of cell-to-cell interactions may be involved in the suppression of osteoblasts by
MM cells.33 Suppression of bone matrix production can be decreased by neural cell
adhesion molecule (NCAM)-NCAM interactions between osteoblast and MM cells.33 These
interactions may play a role in the development of osteolytic lesions in the bone of patients
with MM.38

Role of Soluble Factors in Osteoblast Inhibition

Whnt Signaling Pathway Inhibition and Dkk1—The Wnt pathway plays a key role in
bone formation through the growth and development of both immature and mature
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osteoblasts.3° This pathway has been implicated in the pathogenesis of diseases with
dysregulated bone remodeling such as osteoporosis and MM.40 The pathway involves
binding of WNT to a soluble mediator, LRP5 or LRP6, creating a complex that then binds to
the fizzled receptor.*! Dephosphorylation and stabilization of B-catenin is promoted by
signal transduction from the fizzled receptor and subsequent localization of S-catenin to the
nucleus leading to increased expression of target genes.#? In vitro studies have shown that
osteoblast differentiation can be initiated by activation of the S-catenin pathway.*! Soluble
factors such as Dkkl, Wnt inhibitory factor-1 (Wif1), and soluble-frizzled receptor-like
proteins (SFRPS) have been shown to inhibit the Wnt pathway, resulting in osteoblast
suppression and progression of bone disease in MM.40

Bone marrow stromal cells, osteoblasts and MM cells express Dkk1 and in vitro studies
show that inhibition of the Wnt signaling pathway by Dkk1 leads to inhibition of new bone
formation.#2 Transgenic mice overexpressing Dkk1 developed severe osteopenia. In contrast,
increases in bone mass were demonstrated by deletions of Dkk1 alleles.3%42 These in vivo
studies highlight the importance of this Wnt antagonist in bone physiology.3942 Reports
from Tian et al demonstrated DKK1 is upregulated in MM cells and that there is a
correlation between Dkk1 levels and extent of lytic bone lesions on imaging.20

Other soluble inhibitors of the Wnt signaling pathway include the SFRPS (sFRPs 1-4).32
The binding of Wnt to membrane-bound frizzled receptor is blocked by these decoy
receptors.?! Both sSFRP-2 and sFRP-3 have been investigated as possible mediators of
osteoblast inhibition in myeloma. 4 Preliminary studies have demonstrated inhibition of
murine osteoblast differentiation by sSRFP-2, which was derived from myeloma cells.#:
Furthermore, overexpression of SFRP3 in myeloma cells has been demonstrated. This factor,
along with Dkk1, contributed to the development of bony lytic lesions seen in patients with
myeloma.32

IL-3—The cytokine IL-3 has inhibitory properties on osteoblast formation and
differentiation and is elevated in the serum and bone marrow of patients with MM.41:42 |n
both human and animal models, IL-3 was shown to have inhibitory effects on the
differentiation of osteoblasts, and the bone marrow plasma from myeloma patients with high
IL-3 levels was shown to inhibit the differentiation of osteoblasts in human cultures.#1:43
IL-3 has also been shown to have stimulatory effects on osteoclast activity.3° These data
suggest that the actions of IL-3 in MM are complex and that it likely has a dual role in the
pathophysiology of MM bone disease.

Hepatocyte Growth Factor—Hepatocyte growth factor (HGF) is found in high levels in
patients with MM due to secretion from myeloma cells.2 The role of HGF in bone disease
in patients with MM is suggested by a negative association of serum HGF levels with
outcomes in patients and alkaline phosphatase levels.** This suggestion is further supported
by the demonstration of the inhibition of bone morphogenetic protein (BMP)-induced
osteoblastogenesis and suppression of Runx2 by HGF.44

Transforming Growth Factor-B—The growth factor transforming growth factor-g (TGF-
P) is secreted by bone matrix during osteoclast-mediated bone resorption and has inhibitory
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actions on osteoblast differentiation.? In vitro studies inhibiting TGF-4signaling blocked
the inhibition of osteoblast differentiation by MM cells.*® Thus, TGF-g has a key role in
bone pathology and represents another potential target in the dysregulated bone of patients
with myeloma.

IL-7—Inhibition of osteoblasts can also be mediated by the actions of IL-7. IL-7 levels are
elevated in the marrow of patients with MM.6 Inhibition of osteoblasts was demonstrated to
occur in cultures of human osteoblasts.%6 IL-7 also has inhibitory effects on Runx2.41:46
Also, neutralizing antibodies to IL-7 partially suppress this inhibition of osteoblast
differentiation by myeloma cells.*6

PATHOPHYSIOLOGY OF INCREASED OSTEOCLAST ACTIVITY IN
MYELOMA

MM is characterized by increased bone resorption resulting from the increased osteoclast
activity. This increased activity and resorption by osteoclasts occurs in close proximity to
myeloma cells as demonstrated in histologic studies of bone biopsies from patients with
MM.4” However, studies have shown that the number of osteoclasts is not increased in areas
of bone without MM involvement.*8 The findings from histologic studies imply that local
mediators released by MM cells play key roles in the stimulation of local osteoclasts. Key
factors identified as contributing to increased osteoclastic activity in MM include receptor
activator of nuclear factor-xB ligand (RANKL), macrophage inflammatory protein-1a
(MIP-1a), IL-6, and stromal-derived factor-1a (SDF-1a) (Figure 3).

The RANK/RANKL/OPG System

Receptor activator of nuclear factor xB (RANK), RANKL, and osteoprotegerin (OPG),
members of the tumor necrosis factor (TNF) and TNF receptor super-family, play key roles
in the development and activity of osteoclasts.#? Both osteoblasts and bone marrow stromal
cells express RANKL.49 The interaction of RANKL with RANK, found on both mature and
early osteoclasts, stimulates osteoclast growth and resorption of bone.4? OPG acts as
antagonist of this pathway and is secreted by bone marrow stromal cells and osteoblasts.
OPG is a soluble decoy receptor and prevents the interaction by RANKL and RANK by
binding to RANKL, thus resulting in inhibition of bone resorption by osteoclasts.?? In vivo
studies illustrate the vital role these molecules play by demonstrating extensive osteoporosis
in mice deficient in RANK or RANKL and osteoporosis in mice deficient in OPG.42

The ratio of RANKL and OPG is altered in patients with MM where an increased RANKL
expression and decreased OPG expression is found, which is in sharp contrast to patients
without MM who exhibit a low ratio of RANKL to OPG.#2 MM cells stimulate increased
RANKL expression by bone marrow stromal cells by direct cell-to-cell interactions.?!
Osteoclast growth was correlated with this increased expression of RANKL by bone marrow
stromal cells and inhibition was demonstrated by RANKL antagonists.>2 The increase in the
serum RANKL to OPG ratio has also been associated with increased bone disease and
survival in patients.53
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MIP-1a is a chemokine produced by MM cells, which induces the differentiation of
osteoclast progenitors, leading to the proliferation of osteoclasts.>* MM cells produce and
secrete MIP-1a, which has been associated with bone destruction and inversely correlated
with severity of bone disease and prognosis.#1:5% Choi et al demonstrated increased levels of
MIP-1a in the bone marrow plasma of patients with MM, as well as osteoclast inhibition
using an antibody to block MIP-1a.%6 In addition, MIP-1a has indirect actions on bone
resorption. Studies have shown that MIP-1a leads to increased expression of RANKL on
stromal cells, leading to increased production of osteoclasts.>* MIP-1a also exerts direct
effects on MM cells, which express CCR1, a receptor for MIP-1a.%* MIP-1a stimulates
adhesion between myeloma and bone marrow stromal cells by increasing MM cell
expression of Bp-integrins, leading to increased production by marrow stromal cells
mediators of MM cell growth and angiogenesis such as IL-6, VEGF, and TNF-a.#’ Because
of these effects and interactions, MIP-1a represents a potential important target for drug
development in myeloma.

While IL-6 has known activity in stimulating the growth and survival of plasma cells, it also
is a potent induction agent of osteoclast production.*” Studies have demonstrated a
correlation between elevated IL-6 levels and lytic lesions in MM patients with bone disease
compared with those without known bone disease.4 Production of IL-6 appears to occur
primarily from cells in the microenvironment through interactions with MM cells rather than
directly by the MM cells themselves.4” While the exact role of IL-6 in bone disease is not
clearly defined, it likely has a dual role both directly, through enhancement of osteoclast-
mediated bone destruction, and indirectly, via stimulation of plasma cells.

SDF-1a/CXC Chemokine Receptor-4

VEGF

SDF-1a is a chemokine of the CXC family and its receptor is expressed on many cells of the
microenvironment, including osteoclast precursors, lymphocytes, and stem cells, as well as
on malignant cells.#? Evidence suggests that the SDF-1a/CXC chemokines receptor 4
(CXCR-4) complex plays a vital role in the migration and growth of MM cells.#2 There is
also evidence suggesting that, in addition to its role as a mediator of the tumor
microenvironment, SDF-1 also increases both osteoclast induced bone resorption and
migration.®” The reduction of MM induced osteoclast activation by agents that inhibit
CXCR-4 further supports the role of SDF-1a in the pathophysiology of MM bone disease.*2

VEGF has an established role in the growth and development of new vasculature in non-
hematologic neoplasms. MM cells have the ability to secrete VEGF and the density of
microvessels in the bone marrow of MM patients is associated with adverse clinical
outcomes.*2 VEGF may also play a role in MM as a mediator of osteoclasts.*2 In vitro data
suggest that VEGF can induce the growth and development of osteoclasts and that inhibition
of VEGF suppressed angiogenesis and bone resorption.>8
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Cell-to-Cell Interactions

As previously mentioned, sites of increased osteoclast activity and bone destruction in MM
occur in close association with MM cells. (Figure 3) In addition to soluble mediators, cell-
to-cell interactions are critical components in the increased osteoclast activity and bone
destruction seen in MM bone disease. Direct interactions between MM cells and stromal
cells lead to the secretion of mediators such as IL-6 and RANKL, which stimulate osteoclast
growth and development.#2 In addition, evidence suggests an increase in the growth of MM
cells and osteoclast proliferation as a result of direct interactions between the MM cells and
osteoclasts.>?

CURRENT TREATMENT GUIDELINES FOR BONE DISEASE IN MM

Better understanding of the pathogenesis of bone disease in MM will allow us to enhance
our current therapeutic options in the treatment of bone disease and open up the opportunity
to explore intervention at early stages of the disease. For clinicians in practice, the diagnosis
and treatment of bone disease are critical components in caring for patients with MM.
Current guidelines in the treatment of bone disease in MM emphasize the use of intravenous
bisphosphonates in the United States while the use of clodronate (Bonefos; Boehringer
Ingelheim, Ingelheim, Germany) is supported by some in Europe. The primary mechanism
of action of bisphosphonates is osteoclast inhibition, which leads to reduced bone resorption.
In patients with active MM and at least one lytic lesion, intravenous bisphosphonates have
been shown in large, double-blind, randomized trials to decrease skeletal-related events and
pain, improve performance status, and maintain quality of life.80-62

To our knowledge, there are four peer-reviewed guidelines in the literature from the United
States and Europe on the use of bisphosphonates in MM®83-66 (see Table 1). The choice of
the two intravenous bisphosphonates, pamidronate (Aredia; Novartis, Basel, Switzerland)
and zoledronic acid (Zometa; Novartis, Basel, Switzerland), approved for treatment of MM
in the United States, in general, is left to the discretion of the treating physician and the
patient. Zoledronic acid is more potent than pamidronate and has the advantage of a more
rapid infusion time. However, some of the guidelines, for example, the Mayo Clinic
guidelines, favor the use of pamidronate due to concern about the increased risks for
osteonecrosis with zoledronic acid compared with pamidronate based on findings by Zervas
et al, which showed a 9.5-fold greater risk with zoledronic acid.5”

Avreas of controversy in the current treatment guidelines that are important to practicing
clinicians are the duration and frequency of bisphosphonate therapy. Most of the treatment
guidelines restrict the duration of bisphosphonate therapy to 2 years in patients with
responsive or stable disease due to the risk of osteonecrosis from cumulative exposure to
bisphosphonates. The Mayo Clinic provides guidelines for continuation of bisphosphonate
therapy beyond 2 years in patients with active disease, who have not achieved a response or
who have threatening bone disease. Their recommendation in this setting is to decrease the
frequency to every 3 months. The other guidelines do not provide provisions beyond the
initial 2 years and leave this decision to the discretion of the treating physician. Another area
of controversy is in the treatment of patients with relapsed disease who had previously
received bisphosphonate therapy for 2 years. While it is common practice to restart active
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therapy of bone disease at relapse there are no societal recommendations in regard to
frequency or duration of therapy in this setting. For example, the American Society of
Clinical Oncology (ASCO) guidelines recommend restarting bisphosphonates at this time,
but do not recommend specific frequency or duration of the therapy.

Most of the guidelines provide various recommendations for monitoring the potential toxic
effects of bisphosphonate therapy. In regard to potential development of nephrotoxicity, the
ASCO guidelines recommend monitoring creatinine prior to each dose of bisphosphonate.
These guidelines suggest the drug should be withheld in patients who develop renal
insufficiency (defined as increase in creatinine of 0.5 mg/dL or two times above baseline
value) and can be resumed when the serum creatinine returns to within 10% of baseline. The
European Myeloma Network and the National Comprehensive Cancer Network guidelines
(NCCN) also recommend monitoring the creatinine, particularly in patients with underlying
renal insufficiency, but do not provide specific interventions in the event of the development
of an adverse event. The Mayo guidelines do not provide any official recommendation
regarding the monitoring of creatinine.

In the setting of moderate renal insufficiency (creatinine clearance of 30-60 mL/min),
dosing guidelines provided in the package insert for zoledronic acid should be followed.
These guidelines recommend decreasing the dose of zoledronic acid, generally to 3.0 or 3.5
mg, based on the patient’s creatinine clearance. No dosing guidelines are presently available
for pamidronate in the setting of renal insufficiency. However, most clinicians do consider
decreasing the dose of pamidronate in a patient with known renal insufficiency. Decreasing
the dose to 30 to 60 mg and infusing over 4 hours are reasonable considerations.84 The use
of zoledronic acid or pamidronate is not recommended in the setting of a severe renal
insufficiency (creatinine clearance <30 mL/min).

Osteonecrosis of the jaw is one of the most feared complications of bisphosphonate therapy
and all four guidelines recommend monitoring for the possible development of this adverse
side effect of therapy. Patients should receive a comprehensive dental evaluation prior to
starting therapy and have any necessary dental procedures performed prior to the initiation
of bisphosphonate therapy. Patients should maintain excellent oral hygiene while on therapy
and see their dentist at least annually. Elective procedures should be avoided while on
therapy. Dental problems that develop should be managed conservatively during the course
of treatment.

CURRENT EXPERIENCE FROM TREATMENT OF BONE DISEASE IN
MYELOMA PRECURSOR DISEASE

Overall, there are few studies in the published literature examining the effects of
bisphosphonates in SMM or MGUS and all of the current guidelines restrict the use of
bisphosphonate therapy to patients with active MM and evidence of bone disease. However,
there is emerging evidence that intervention at earlier stages of the disease may prevent
skeletal-related events at time of progression, but there is no evidence that bisphosphonates
in this setting change the natural history of the disease. Musto et al examined the use of
zoledronic acid in previously untreated patients with SMM in an open-label, phase 111,
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randomized trial.58 One hundred sixty-three patients were enrolled and randomized to
zoledronic acid (n = 81 patients) for 1 year at a monthly dose of 4 mg versus placebo for 1
year (n = 82 patients).58 The rates of progression to MM were similar at a median follow-up
of 64.7 months with 44.4% of patients in the zoledronic groups versus 45.1% in the placebo
control arm (P =.9307).8 In the zoledronic acid group the median time to progression was
67 months and in the control arm the median time to progression was 59 months (P = .8312).
68 At the same time, the authors found that, at time of progression to MM, skeletal-related
events were significantly lower in the zoledronic acid groups compared with the control arm:
55.5% and 78.3%, respectively (P=.041).58 A few other studies have examined the effects
of bisphosphonates in SMM, MGUS, and early-stage MM (see Table 2).

In a study presented at the 2008 ASCO meeting, Berenson et al examined the use of
zoledronic acid in patients with osteopenia/osteoporosis (T score <—1.0) and who met the
criteria for MGUS.%9 Zoledronic acid was administered intravenously at a dose of 4 mg over
15 minutes at months 0, 6, and 12.89 Dexa scans and skeletal surveys were performed at
time of screening and 1 month after the final zoledronic acid injection. A total of 54 patients
were enrolled with an average age of 68 without prior exposure to bisphosphonate therapy.5°
The mean baseline T score was —2.21 in the L spine and —1.89 in the hip.%° T scores after
therapy improved +0.58 (mean increase of 26%, P =.0021) in the L spine and +0.26 (mean
increase of 14%, P =.0020) in the hip.8” MGUS patients appear to have a high prevalence of
osteopenia and osteoporosis and recent data suggest that they are at increased risk of
fractures as well.1>-19 Taken together, the role of bisphosphonates in myeloma precursor
disease (MGUS and SMM)—uwith the aim to prevent future skeletal-related events—needs
to be better defined in randomized, prospective studies.

SUMMARY AND FUTURE DIRECTIONS

On a clinical note, bone disease remains a critical component in the diagnosis and treatment
of patients with MM. There are data to support the use of bisphosphonates in the treatment
of bone disease in MM in order to decrease skeletal-related complications and maintain
quality of life. However, the use of bisphosphonates has to be balanced against the
complications of prolonged therapy. The exact duration and frequency of bisphosphonates in
patients with stable disease, on active treatment, and at relapse needs to be further defined.

Efforts to find ways to reduce the toxicity associated with bisphosphonate therapy are being
explored. Gimsing et al investigated the effect of 30 mg of pamidronate versus 90 mg in
patients with newly diagnosed MM.”3 In this double-blind, randomized phase 111 trial
patients were randomized to receive either 30 mg or 90 mg of pamidronate monthly for at
least 3 years of therapy.’3 The primary outcome of the study was physical function after 12
months of therapy assessed by a quality-of-life questionnaire.” There were no significant
differences in the mean physical function between the two groups.”® In the patients who
developed a skeletal-related event, the median time was 9.2 months in the 90-mg group and
10.2 months in the 30-mg group (P=.63).73 In a retrospective analysis, eight of the 157
patients in the 90-mg group developed osteonecrosis of the jaw, while only two of the 156
patients in the 30 mg group developed this condition.”3

Semin Hematol. Author manuscript; available in PMC 2019 November 19.
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On a research basis, there are emerging data to support a role for other agents to target
various; pathways involved in the pathophysiology of bone disease in MM. Their role
remains to be defined in the treatment paradigm. Emerging data also suggest that bone
disease is found in both precursor states of myeloma: MGUS and SMM. One interesting
area of future investigation is to define a role of intervention in these myeloma precursor
states with standard therapy for MM (ie, bisphosphonates), as well as newer agents.

Newer agents targeting other pathways in the pathogenesis of bone disease are being
developed and tested in patients with myeloma bone disease and include drugs such as
denosumab (Prolia; Amgen, Thousand Oaks, CA). Denosumab, a fully human monoclonal
antibody, binds RANKL preventing the interaction of RANKL-RANK imitating the effects
of OPG.#” Phase Il studies of denosumab in MM demonstrated a significant decrease in
skeletal-related events and phase 11 trials (NCT00330759, www.clinicaltrials.gov) are
currently underway.*” Murine studies demonstrate decreased bone destruction and decreased
tumor burden with MIP-1 a-blocking antibodies.” Other potential targets for drug
development include inhibitors of osteoblast differentiation such as DKK1, IL-3, and I1L-7.74
The agents provide further opportunities to explore early intervention in myeloma bone
disease in an attempt to improve outcomes and influence the natural history of the disease.
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Figure 1.

Plain radiographs of the skull demonstrating lytic lesions in MM.
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Figure 3.
Osteoclast in area of bone remodeling in marrow of a patient with MM with surrounding

plasma cells.
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