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Lytic bone disease is a frequent complication of multiple myeloma (MM). Lytic lesions rarely heal and X-rays are of limited value in monitoring bone destruction during anti-myeloma or anti-resorptive treatment. Biochemical markers of bone resorption [N- and C-terminal cross-linking telopeptide of type I collagen (NTX and CTX or ICTP, respectively] and bone formation [bone specific-alkaline phosphatase, osteocalcin and procollagen type I N- and C-propeptide (PINP, and PICP, respectively)] have been investigated as tools for evaluating the extent of bone disease, risk of skeletal morbidity, and response to anti-resorptive treatment in MM. 

Bone Turnover Markers and Extent of Myeloma Bone Disease: Comparison between bone resorption markers revealed that serum ICTP and urinary NTX better reflected the extent of myeloma bone disease and could better predict early progression of the bone disease after conventional chemotherapy (CC). However, serum ICTP remained more sensitive than the urinary assays when patients with impaired renal function are excluded from the analyses. Furthermore, serum ICTP was elevated in MM patients who did not have detectable osteolytic lesions by plain radiograph but had abnormal bone MRI scans, while high or intermediate urinary NTX correlated with an increased risk for skeletal-related events (SRESs) development compared with low NTX values. High NTX values also correlated with an increased risk for developing a first SRE. A recent study in 282 myeloma patients who participated in a randomized phase III study comparing zoledronic acid and pamidronate showed that high urinary NTX was independently associated with elevated risk for the development of first SRE (68% increase in risk for SRE development per 100-unit increase of NTX; p=0.005). Serum CTX has been also correlated with the extent of bone disease but larger studies will reveal its value in comparison to urinary NTX or serum ICTP. Markers of bone formation have produced variable results in the different studies and thus at present, their clinical utility is doubtful.

Correlations of Bone Turnover Markers with Myeloma Activity and Survival: In several studies, biochemical markers of bone resorption strongly correlated with stage of MM. Serum ICTP and TRACP-5b and urinary NTX were higher in myeloma stage II/III than in stage I disease. Markers of bone remodeling have also correlated with well-characterized markers of disease activity, such as beta2-microglobulin and interleukin-6 and also with overall survival (OS). ICTP was an independent prognostic factor for OS in MM patients treated with CC, while incorporation of ICTP in the ISS separated four risk groups with a 5-year OS rate of 95, 65, 46 and 22%, respectively. Increased baseline levels of urinary NTX (≥50 nM BCE/mM creatinine) also correlated with an 88% increased risk of death in a randomized study with 282 patients. 
Bone Markers during Anti-resorptive Therapy: Biochemical markers of bone turnover have been used in MM both to monitor bisphosphonate treatment, and to determine which subjects will benefit most from bisphosphonate therapy. In a large, randomized study comparing 4 mg zoledronic acid with 90 mg pamidronate, given IV every 3 to 4 weeks, in patients with bone metastases from breast cancer or with MM osteolytic disease, urinary NTX was strongly suppressed (up to 64% below baseline in both treatment groups) for the duration of the study. Bone marker data from this and other bisphosphonate studies clearly demonstrate that there is a subset of myeloma patients who do not respond to, or who become refractory to bisphosphonate therapy. Patients with persistently elevated bone marker levels are at higher risk for SREs and disease progression compared with patients who respond to bisphosphonate therapy and have normalized bone resorption. In an important study, patients who had high baseline NTX levels (≥ 64 nM BCE/mM creatinine) and continued to have elevated NTX levels after 3 months of zoledronic acid therapy (n=26, 15%) had a significantly increased risk of developing a first SRE (RR=1.71; p=0.035) and shorter SRE-free survival (RR=1.65; p=0.039) compared to subjects who normalized NTX in response to bisphosphonate treatment (n=137, 81%). In this study, among patients with high NTX at baseline, 15% treated with zoledronic acid and 30% treated with pamidronate did not normalize NTX levels after 3 months of bisphosphonate therapy. Although unknown, one might speculate that patients who did not have biochemical improvement in their NTX levels may have an osteoclast-independent mechanism of bone resorption and might therefore benefit from additional therapies. Denosumab is a fully human monoclonal antibody against receptor activator of nuclear factor-kappaB ligand (RANKL), the most potent osteoclast activator to-date. In a recent study, 1776 adult patients with solid tumors or MM (n=10% of the total) who were naive to intravenous bisphosphonates were randomized to receive either subcutaneous denosumab 120 mg or intravenous zoledronic acid every 4 weeks. Denosumab produced similar results regarding the delay in time to first on-study SRE or subsequent SREs compared to zoledronic acid, while it also rapidly and potently reduced (by more than 80% within the first month) urinary NTX levels.
Novel Markers Regulating Osteoclast/Osteoblast Function: Novel molecules that regulate osteoclast function (RANKL, osteoprotegerin, osteopontin, CCL-3), osteoblast function (dickkopf-1, sclerostin) or both (activin-A) have been measured in myeloma studies but their results are preliminary and their value has not been confirmed.
Effect of Novel Anti-Myeloma Agents on Bone Remodeling Markers: The available data suggests that immunomodulatory drugs (thalidomide and lenalidomide) reduce osteoclast function but have little or no effect on osteoblast activity. Bortezomib reduces markers of bone resorption and increases markers of bone formation. Furthermore, bortezomib showed beneficial effects on bone formation in the clinical setting, increasing bone volume and bone mineral density at least in a subset of responding myeloma patients.  
Conclusions & Future Directions: Serum ICTP and urinary NTX seem to be more accurate than other bone resorption markers in reflecting both the severity of bone destruction and the efficacy of response to bisphosphonate treatment. To date, data on CTX remains sparse, but studies are ongoing. There is also a strong correlation between serum ICTP and urinary NTX with increased risk for progressive bone disease, development of SREs and OS. Symptomatic patients who continue to have increased levels of NTX after 3 months of anti-myeloma and anti-resorptive therapy remain at high risk for both SREs and shortened OS; accordingly such patients may require more aggressive therapy. The value of bone markers in the setting of asymptomatic myeloma has also to be evaluated as it may reveal patients at high risk for progression.
In the current era of concern about bisphosphonate-associated adverse side-effects (i.e. renal impairment, osteonecrosis of the jaw, subtrochanteric femoral fractures), bone turnover markers may be of particular use: i.e. low levels of serum ICTP/CTX or urinary NTX may provide impetus for deciding to lengthen bisphosphonate dosing regimens (i.e. changing from monthly to 3-month intervals). Such trials are urgently needed (and indeed should be highly encouraged) before final conclusions are made about the introduction of biochemical markers of bone remodeling into the routine clinical care of MM patients.
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