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Purpose

Current treatment guidelines strongly support the use of antiresorptive therapy in patients with newly diagnosed multiple myeloma (NDMM) with the goal of preventing skeletal related events (SRE). Despite these concrete, data-driven recommendations, the impact of delays in antiresorptive initiation in NDMM patients is understudied. Through a multicenter retrospective study, we examined the impact of delays in antiresorptive initiation on the rates of SREs. We furthered our exploration of this topic in a separate retrospective analysis with a focus on reasons for delays in antiresorptive therapy initiation.





Methods

Electronic health records from two large academic institutions were used to identify patients with NDMM between July 1, 2016, and June 30, 2019. Exclusion criteria included patients with previous antiresorptive use and patients never prescribed antiresorptives. Time to antiresorptive initiation and its subsequent impact on the rate of SREs was analyzed using hazard ratios. A follow up, single-center retrospective study was conducted using EHR data with an emphasis on the identification of barriers to antiresorptive initiation. Here, descriptive, and inferential statistics were used to identify variables that have a statistically significant impact on antiresorptive initiation.





Results

A total of 759 patients with newly diagnosed MM met inclusion criteria for our multicenter study. Our study found that a delay in initiation of anti-resorptive therapy of greater than 31 days from diagnosis resulted in an increased risk for SRE with a hazard ratio of 1.654 (95% CI: 1.054-2.598; p-value = 0.029). In our follow up study, a total of 45.6% of patients with newly diagnosed MM were prescribed antiresorptive therapy, while 59% of patients with identified lytic lesions on screening imaging received anti-resorptive therapy. Statistically insignificant differences were observed in the time to initiation of anti-resorptive therapy based on health insurance. Variables such as race and gender were not found to have a statistically significant relationship with delays in antiresorptive initiation.





Conclusions

Patients with NDMM should be initiated on antiresorptive therapy without delay to minimize the rates of SREs, and clinicians should be diligent in anticipating delays in initiation such as need for dental clearance and renal disease.
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Introduction

Multiple myeloma (MM) is a hematologic malignancy characterized by an uncontrolled, monoclonal proliferation of B-lymphocyte derived plasma cells within the bone marrow (1). As many as 80-90% of patients with MM ultimately develop osteolytic lesions that often lead to further skeletal damage including diffuse osteopenia and skeletal-related events (SRE) in 22-34% of patients (2–4). SREs are defined as pathologic fractures, spinal cord compression, surgical or radiation intervention to stabilize bone lesions or other complications such as hypercalcemia, all of which can impact quality of life, morbidity, and mortality (4). Antiresorptive agents, such as bisphosphonates and denosumab, are commonly used in MM patients with skeletal disease as an adjunct to their myeloma therapy in order to prevent SREs (5, 6).

Bisphosphonates and denosumab inhibit bone resorption via different mechanisms. Bisphosphonates attach to hydroxyapatite binding sites on bony surfaces preventing reabsorption, while denosumab, a RANKL-directed monoclonal antibody, imitates osteoprotegerin and thus prevents bone turnover (4, 7). A meta-analysis of data from 24 randomized control trials demonstrated the benefit of bisphosphonates compared to placebo or no treatment in preventing SREs (6). Similarly, in a Phase 3 clinical trial, denosumab was found to have similar efficacy to bisphosphonates (Zoledronic Acid) in delaying SREs (8). Despite their benefits in reducing SREs, it is common for antiresorptive initiation to be delayed for a variety of reasons, including dental clearance, medical co-morbidities, or relative medication contraindications. Furthermore, several retrospective studies have found that antiresorptive therapy is underutilized in MM patients as a whole (9, 10).

The role of antiresorptive therapy in the prevention of SREs has been well-established by multiple studies and has been shown to reduce SREs by an estimated 44% (5, 6, 11). However, the effect of delayed antiresorptive initiation on the development of SRE has not been explored. To elucidate the impact of antiresorptive timing on SRE development, we conducted a multi-center, retrospective analysis of patients undergoing MM treatment at two large academic institutions. Additionally, a follow up study was conducted at a large, single-center academic institution with the goal of identifying potential barriers to initiation of antiresorptive therapy and investigation of screening modalities utilized to detect lytic lesions at the time of diagnosis. The goal of this study is to investigate time to initiation of antiresorptive therapy in real world practice and barriers to its initiation, and their subsequent impact on clinical outcomes to optimize prevention of SREs in MM patients.





Methods




Study design and population

This report is comprised of two distinct studies. The primary study was a retrospective analysis of patients with newly diagnosed MM (NDMM) from July 1, 2016, to June 30, 2019. Data was collected using the Electronic Health Records (EHR) from two large academic institutions, Sidney Kimmel Cancer Center (SKCC) at Thomas Jefferson University Hospitals (TJUH) and The Ohio State University Comprehensive Cancer Center (OSUCCC). Information was collected on patient demographics, including a past medical history of CKD, osteopenia, osteoporosis, vitamin D deficiency, obesity, initial MM therapy, status of myeloma bone disease, ISS stage at diagnosis, use of antiresorptives, and incidence of SRE during follow-up. Patients previously treated with antiresorptive therapy and patients not treated with antiresorptive therapy were excluded. The primary endpoint was hazard ratio for developing a SRE based on time to antiresorptive therapy.

The follow up study was a retrospective analysis of NDMM patients between January 1, 2022, and November 1, 2022 at a single academic center, SKCC. All patients with NDMM were included in the analysis. Patient demographics and medical information were collected from the EHR. Specific variables analyzed in this study included age, race, and status and type of health insurance. IRB approval was obtained for all research activities in accordance with the declaration of Helsinki.





Statistics

In the primary study, baseline patient characteristics, including a past medical history of CKD, osteopenia, osteoporosis, vitamin D deficiency, obesity, underwent univariable analysis using chi-square and fisher’s exact tests. A p-value level of < 0.05 was considered significant. The relationship between incidence of SREs and time to antiresorptive therapy, baseline patient characteristics, gender of patients, age, International Staging System (ISS) stage at diagnosis, and prior SRE present at diagnosis was analyzed by using a multivariable Cox proportional hazards model. The cutoff point of antiresorptive therapy delay was based on the recursive partitioning of univariable Cox model. A p-value level of < 0.05 was considered significant.

In the follow up study, data was analyzed using descriptive statistics such as mean, standard deviation, median, frequency, and interquartile range (IQR). Inferential statistics such as t-tests, chi-square, ANOVA, and Kruskal Wallis analyses were performed where appropriate. A p-value level of < 0.05 was considered significant.






Results




Baseline characteristics

From July 2016 to June 2019, patients with NDMM were identified at two large academic institutions, SKCC and OSUCCC. Of these patients, 759 subjects met eligibility criteria for study inclusion. Among these patients, the median age at diagnosis was 60.2 years, 57% were male, 76.7% of patients were Caucasian, and 20% were African American. At the time of diagnosis, 210 patients (27.7%) had osteopenia, 45 (5.9%) had osteoporosis, 229 (30.2%) were vitamin D deficient, 121 (15.9%) had CKD, and 319 (42%) were obese. ISS stage at diagnosis was known in 86.4% and unknown in 13.6% of patients with known staging noted to be 34.5% stage I, 27% stage II, and 24.9% stage III. At diagnosis, a SRE was present in 338 (45.1%) of patients.

The subsequent follow-up study was conducted at a single, large academic center (SKCC) to identify barriers to antiresorptive therapy initiation. From January 2022 to November 2022, 68 patients with NDMM met eligibility criteria for study inclusion. The median age was 66.5 years, 51.5% were male, 51.4% were Caucasian, and 39.7% were African American. Of these patients, health insurance analysis found that 28 patients (41%) had traditional Medicare, 21 (30.9%) had private insurance, 10 (14.7%) had Medicare Advantage, 6 (8.8%) had state insurance, and 3 (3.4%) had Medicaid Expansion. Complete baseline characteristics are outlined in Table 1.


Table 1 | Baseline characteristics and treatment information of patients with multiple myeloma at the time of the diagnosis.







Outcomes

Results of the multi-center retrospective study of NDMM patients indicated that a total of 368 (48.5%) of patients received Velcade, Lenalidomide (Revlimid), dexamethasone (VRd) therapy, 231 (30.4%) patients received doublet therapy, 141 (18.6%) received non-VRd triplet therapy, 11 (1.4%) patients received cytotoxic therapy, and 8 (1.1%) patients received daratumumab with VRd as induction therapy. Denosumab was initiated in 43.2% of patients with NDMM, corresponding to a total of 328 patients receiving bone-preserving agents. Median time to anti-resorptive therapy was 54.0 days with an interquartile range (IQR) of 146.0 days. Further analysis found that a delay in initiation of antiresorptive therapy of greater than 31 days from diagnosis resulted in an increased risk for SRE with a calculated hazard ratio of 1.654 (95% confidence interval = 1.054-2.598; p-value = 0.029) (Figure 1). A total of 180 (34%) patients received anti-resorptive agents within 31 days. No statistically significant associations were noted between an increased risk for SRE and baseline patient characteristics, gender of patients, age, International Staging System (ISS) stage at diagnosis, and prior SRE present at diagnosis.




Figure 1 | Rates of skeletal-related events (SREs) based on timing of initiation of anti-resorptive therapy in newly diagnosed multiple myeloma patients.



Follow up study results at a single, large academic center showed that skeletal survey (x-ray) was used to screen for lytic disease in 66.2% of patients, PET-CT scan in 75.6% of patients, axial MRI in 45.6% of patients, and PET-CT scan or axial MRI in 86.8% of patients (Table 2). Out of 68 patients with NDMM included in this study, 39 (57.4%) patients demonstrated lytic lesions on imaging. A total of 45.6% of patients with NDMM were prescribed antiresorptive therapy, while 59% of patients with NDMM and lytic lesions at the time of diagnosis received antiresorptive therapy. In NDMM patients, frequency of prescription was 17.6% for a bisphosphonate only, 17.6% for denosumab only, and 10.3% of patients received both therapies (Table 3). The median time from MM diagnosis to initiation of either antiresorptive agent was 39.5 days (IQR=79.8), 14.5 days (IQR=55.5) for a bisphosphonate, and 57.5 days (IQR=97.8) for denosumab.


Table 2 | Imaging interventions used to assess for bone involvement on newly diagnosed multiple myeloma patients in the study group.




Table 3 | Antiresorptive therapies used on patients with newly diagnosed multiple myeloma in the study group and median days to initiation of antiresorptive therapy.



Additionally, the follow up study analyzed several variables for possible associations related to delays in the initiation of antiresorptive. These variables included patient insurance type, race, sex, and dental clearance. In patients who received antiresorptive therapy, median time to prescription by insurance type, in days, was 23.5 for state, 36 for private, 48 for traditional Medicare, 144.5 for Medicaid expansion, and 175 for Medicare advantage (p = 0.21) (Figure 2). In NDMM patients, dental clearance referrals were provided to 58.8% of all patients and 71.8% of patients with lytic lesions prior to initiation of anti-resorptive therapy due to the risk of osteonecrosis of the jaw (ONJ). Due to the external nature of dental referrals outside of our institution, no further data could be collected and analyzed regarding the association of delays in antiresorptive therapy related to delays in dental clearance. Analysis of patient race (p=0.53), and sex (p=0.41) related to antiresorptive prescription were not statistically significant and were found to be unrelated to the lack of or delay in the administration of antiresorptive therapy.




Figure 2 | Median days to initiation of antiresorptive therapy by patient insurance type at the time of multiple myeloma diagnosis.








Discussion

Current guidelines strongly support the initiation of antiresorptive agents in NDMM patients; however, there are no data-driven recommendations regarding specific timing of medication initiation. Previous retrospective studies have demonstrated that 64% of patients with NDMM received IV bisphosphonate administration within 30 days of diagnosis, while those not initiated on therapy within this timeframe were far less likely to ever receive antiresorptive therapy (10). Furthermore, an additional retrospective study of over 11,000 patients found that less than 66% of patients received bisphosphonate therapy with a median time to administration of 29 days (9). In our study, 43.2% of patient received anti-resorptive therapy and median time to anti-resorptive therapy was 54 days. Rates of anti-resorptive prescription were noted to be lower but comparable to the study conducted by Kim et al. (9). Notably, further analysis demonstrated that patients initiated on antiresorptive therapy more than 31 days after their MM diagnosis were 1.65 times more likely to experience a SRE. These findings demonstrate the clear utility of early initiation of antiresorptive therapy in reducing rates of SREs. Based on these significant findings, it is our recommendation to initiate antiresorptive therapy for NDMM patients within the first 31 days of diagnosis to mitigate the risk of SREs.

In addition, this study sought to explore the reasons for delays in antiresorptive initiation. Many studies have been published that validate the importance of antiresorptive therapy and stress early administration of these medications. However, few studies have investigated factors related to delayed administration. Thus, to identify barriers that delay antiresorptive administration, a follow up, single center study was conducted and identified several possible contributing variables. In both studies, many patients were noted to have delays in antiresorptive initiation due to obstacles in obtaining dental clearance in order to minimize risk for ONJ, a documented adverse effect of antiresorptive therapy (12). In our study group, a majority (58.8%) of patients were referred for dental clearance. However, given provider knowledge of delays in dental clearance, most patients at high risk for SREs (e.g. patients with existing lytic lesions, osteoporosis or osteopenia, and/or symptomatic bone pain) were initiated on antiresorptive medications prior to dental clearance and monitored closely for symptoms concerning for ONJ.

Patient insurance type was another variable that delayed initiation of antiresorptive therapy. Differences in insurance type demonstrated observable differences in median time to initiation of antiresorptive therapy. Despite lacking statistically significant differences in time to therapy, notable trends were observed. Patients with state and private traditional Medicare insurance received therapy at quicker median times of 23.5 and 36 days compared to patients with traditional Medicare, Medicaid expansion, Medicare advantage insurances with times of 48, 144.5, & 175 days, respectively. These trends illustrate that patients with certain insurance types may be at higher risk of experiencing SREs due to delays in initiation of antiresorptive therapies. Further studies and a larger sample size are required to further investigate the relationship between insurance type and delays to initiation of antiresorptive therapy. Other variables such as race and sex were not found to have a statistically significant relationship with delays in therapy initiation.

Finally, our study sought to investigate the efficacy of our current screening imaging modalities to detect lytic lesions at the time of MM diagnosis. The latest International Myeloma Working Group (IMWG) imaging guidelines published in 2019 recommend screening imaging in patients with suspected or NDMM to undergo low-dose whole-body PT/PET-CT scans or axial MRI imaging for identification and characterization of lytic lesions diagnostic of MM. These recommendations have been validated and shown to improve detection of lytic osseous lesions in patients with MM (13–16). Despite updated recommendations, many patients receive skeletal survey only to detect bone lesions, which are often not detected on plain radiographs alone (13, 15, 16). Results of our study (Table 2) demonstrate increased utilization of PET-CT or axial MRI imaging over skeletal survey x-ray screening. These results indicate that guideline-directed screening modalities are being utilized at higher rates for the purpose of screening for myeloma bone disease.

When evaluating the results of our multicenter analysis, there are several limitations to consider. First, it has been well documented that proteasome inhibitor (PI) treatment, namely Bortezomib, can demonstrate positive effects on bone metabolism. However, only approximately 10% of patients in this study received a treatment regimen without a PI based drug. Thus, the rates of SREs between PI and non-PI MM treatment regiments were unable to be analyzed to determine the potential protective effects of PI regimens. Furthermore, patient data was gathered from the EHRs of two, large academic institutions and therefore may not be generalizable to all populations. Further, given the retrospective nature of this study, our results may be affected by selection bias and incomplete data. We sought to minimize bias and increase sample size by including multiple centers in this study; including more patients from more diverse areas would make future results more robust and generalizable.

Our follow up, single center study was also a retrospective analysis and therefore is subjected to the same biases inherent to this type of study. In addition, the sample size of this study was low with a total of 68 patients meeting inclusion criteria. In order to accurately identify factors leading to delayed initiation of antiresorptive therapy, particularly regarding the impact of insurance type on antiresorptive initiation delays, a larger sample size is required. We sought to minimize bias by maximizing sample size within the limits of our inclusion criteria and blinding reviewers to the results of the study.

The results of our study have created the opportunity for additional research on this topic. As previously mentioned, a larger sample size would likely yield more robust recommendations regarding the specific factors resulting in delayed antiresorptive initiation. While insurance type was not found to have a statistically significant impact on antiresorptive initiation, our data certainly showed an observable effect. This could mean that there are unstudied variables impacting antiresorptive initiation that should be explored in future studies, preferably with larger sample sizes. Finally, to determine the optimal timing of antiresorptive therapy, prospective data may assist in aiding clinical decision-making.





Conclusion

Current guidelines strongly support the administration of antiresorptive agents to prevent SREs in patients with NDMM. Based on the results from our multicenter retrospective analysis, we recommend early initiation of antiresorptive therapy within the first 31 days following a new diagnosis of MM to reduce the rates of SREs. Clinicians must be expedient in their administration of antiresorptive agents with special attention given to common barriers to initiation, such as dental clearance and renal disease. Though lacking statistical significance, our data shows a pronounced disparity in antiresorptive prescription based on insurance type. Variables such as race and sex were not found to be statistically significant. Finally, our study found close adherence to newly updated guidelines that indicate the use of PET-CT and axial MRI for the detection of bone involvement in NDMM.
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Unknown 103 (13.6)
1 262 (34.5)
it 205 (27)

111 189 (24.9)

Initial MM therapy

VRd 368 (48.5)
Doublet 231 (30.4)
Triplet (non-VRd) 141 (18.6)
Cytotoxic 11 (1.4)
Dara-VRd 8 (1.1)

Patient demographics and clinical characteristics.

*VRd: Velcade (bortezomib), Revlimid (lenolidomide), dexamethasone; dara, daratumumab;
dara-VRd: daratumumab & Velcade (bortezomib), Revlimid (lenolidomide), dexamethasone;
doublet: two drug treatment regimen; triplet (non-VRd): three drug treatment regimen (not
including VRd triple therapy).





