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Lytic bone disease in multiple myeloma (MM) patients is cited as a major source of pain in upwards of 90% of patients, with lesions believed to exist in at least 80% of patients. Lytic bone disease increases the risk of pathologic fractures substantially, most frequently noted in the vertebrae (thoracic, followed by lumbar and cervical spine), skull, pelvis, and ribs. Even with significant advancement in the treatment of MM, such as novel chemotherapy agents and bisphosphonates, chronic pain remains a critical threat to quality of life for patients with MM. Additional factors that threaten quality of life in this population include nerve compression and infiltration, providing ample evidence of the need for effective pain relief and palliative measures as part of the MM treatment plan. The field of interventional radiology (IR) is uniquely positioned to provide targeted supportive care for patients with MM via minimally invasive, image-guided procedures that deliver effective results. This literature review investigates the role of interventionalists in providing supportive care and treatment for MM patients, focusing on procedures such as vertebroplasty and kyphoplasty, radiofrequency ablation (RFA), microwave ablation, cryoablation, high-intensity focused ultrasound (HIFU), and radiation therapy. From an interventional pain perspective, we explore nerve blocks and nerve ablations in the context of MM. Figures are derived from procedures performed at our institution to illustrate these approaches.
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Introduction




Multiple myeloma

Multiple myeloma (MM), a largely incurable plasma cell disorder, is expected to compromise nearly 2% of all new cancer cases and an estimated 36,000 new diagnoses in the United States in 2024. MM prevalence increases with age, with a median age of 69 at the time of diagnosis and 87.3% of new diagnoses occurring after age 55 (1, 2). As a result of abnormal monoclonal immunoglobulin proliferation, patients diagnosed with MM face complications such as anemia, renal toxicity, hypercalcemia, and lytic bone disease. These osteolytic lesions are cited as a major source of pain in upwards of 90% of patients and are believed to exist in at least 80% of patients, as evidenced by skeletal survey x-rays (3, 4).

Lytic bone disease results from overactivation of RANKL and dysregulation of the cells involved in bone remodeling, noted as induced apoptosis in osteocytes, increased osteoclast activity (bone resorption), and decreased osteoblast activity (bone formation) (3–5). With diminished bone integrity and interrupted bone remodeling, the risk of pathologic fractures increases substantially. Lytic lesions and ensuing skeletal complications contribute to pathologic fractures in over 60% of patients over the course of their disease, most frequently noted in the vertebrae (thoracic, followed by lumbar and cervical spine), skull, pelvis, and ribs (6–8). Even with significant advancement in the treatment of MM, such as novel chemotherapy agents and bisphosphonates, chronic pain remains a critical threat to quality of life for patients with MM (3, 8). Additional factors that threaten quality of life in this population include nerve compression and infiltration, providing ample evidence of the need for effective pain relief and palliative measures as part of the MM treatment plan.





Treatment of pain

Pain in MM is multifactorial. The periosteum, or outside of the bone, is heavily innervated with sensory nerves, specifically tropomyosin receptor kinase A sensory nerve fibers (A-delta) and C-fibers (3, 9, 10). This dense innervation contrasts sharply with the minimal innervation found in the bone cortex, suggesting that pain associated with pathologic fractures primarily originates from the periosteum. Following bone injury, the sprouting of sympathetic nerve fibers and ectopic primary sensory fibers along with the upregulation of inflammatory cytokines (such as TNFα, IL-6, and IL-1β) amplify this pain response (3, 9). It’s been hypothesized that minimally invasive procedures utilizing bone cement may alleviate significant pain for patients impacted by bone disease, both by stabilizing the fractured region and destroying nerve endings near the vertebral body (11). The field of interventional radiology (IR) is uniquely positioned to provide targeted supportive care for patients with MM via minimally invasive, image-guided procedures that deliver effective results. These interventions are often adjunctive to oncologic or orthopedic treatments and require shorter recovery time compared to traditional surgical techniques (12). This review investigates the role of interventionalists in providing supportive care and treatment for MM patients, focusing on procedures such as vertebroplasty and kyphoplasty, radiofrequency ablation (RFA), microwave ablation, cryoablation, high-intensity focused ultrasound (HIFU), and radiation therapy. From an interventional pain perspective, we explore nerve blocks and nerve ablations in the context of MM. Figures are derived from procedures performed at our institution to illustrate these approaches.






Lesion interventions




Vertebroplasty and kyphoplasty

Treatment of painful, pathologic vertebral fractures in patients with MM can include vertebroplasty and kyphoplasty, particularly when lytic lesions occur in regions susceptible to compressive forces. In vertebroplasty, bone cement made up of polymethylmethacrylate (PMMA) is injected directly into the fractured vertebral body. In comparison, kyphoplasty first comprises placement of an inflatable balloon into the vertebral body with creation of a potential space or cavity, prior to injecting PMMA or absorbable calcium phosphate (13) (Figures 1A, B, 2). The primary objective of both procedures is to consolidate and stabilize pathologic bone fractures to achieve measurable pain relief. Notably, kyphoplasty also aims to restore vertebral body height via balloon inflation (3, 13). The most common complication of kyphoplasty is cement leakage, noted in 18% of treated vertebral levels in a 2009 study involving 76 MM patients. Rare but serious sequelae of leakage include motor deficits from spinal cord compression or pulmonary embolism, reported in 2% to 13% of cases (13, 14).

[image: X-ray images showing balloon kyphoplasty procedures on the T11 vertebral body of a seventy-two-year-old male and the T6 vertebral body of a seventy-five-year-old male. The images depict balloon augmentation and bone cement application.]
Figure 1 | (A) 72-year-old male with a past medical history of MM with painful thoracic and lumbar spinal metastases and multilevel compression deformities. Two 11-gauge coaxial needles were introduced into the posterior third of the T11 vertebral body, followed by hand drills and bilateral 10mm augmentation balloons. PMMA was then injected into the T11 vertebral body with adequate filling demonstrated. Pre- and post-operative sagittal surveys are included in Figure 2. (B) 75-year-old male with a past medical history of MM with multiple compression fractures. The same process as the previous patient was repeated at the level of the T6 vertebral body, with small substitutions including 10-gauge coaxial needles and 15mm augmentation balloons.

[image: Pre-operative sagittal STIR MRI shows the spinal column, highlighting the T11 vertebra. Post-operative skeletal survey X-ray demonstrates the same region after balloon kyphoplasty, indicating changes in the T11 vertebra. Image text notes a 72-year-old male patient.]
Figure 2 | Pre- and post-operative sagittal surveys of the patient from Figure 1A.

A single-center cohort study reported that progression-free and overall-survival over a median follow-up of 51 months were significantly higher in MM patients who underwent surgical intervention (i.e. vertebroplasty/kyphoplasty) compared with those managed non-surgically, particularly for patients with more advanced disease according to the International Staging System (ISS II/III) (15). Likewise, while both procedures seem to offer similar reductions in pain and improvements in quality of life (16–18), kyphoplasty may provide improved post-procedure results and vertebral height increase compared to vertebroplasty (16, 19), though the clinical utility of this significance is yet to be determined (15).

It’s worth noting there is both heterogeneity of studies and a scarcity of randomized controlled trials directly comparing vertebroplasty and/or kyphoplasty for the treatment of vertebral fractures in patients with MM. Previous studies in broad populations with vertebral compression fractures reported comparable reductions in pain and disability between vertebroplasty and kyphoplasty (20), with both procedures providing greater pain relief than non-surgical management (21). In cohorts including MM patients, balloon kyphoplasty has been shown to be a safe and effective intervention for pain reduction compared to non-surgical management (22, 23), as is vertebroplasty with stable pain relief nearly 4 years after the procedure (24). Although these outcomes are promising, robust evidence supporting the effectiveness of kyphoplasty and vertebroplasty specifically in MM remains limited, highlighting the need for additional well-controlled studies targeting this patient population. Additionally, exploring the role of kyphoplasty and vertebroplasty as adjunctive or complementary therapies is warranted, especially in light of findings suggesting that vertebroplasty combined with chemotherapy may offer superior pain relief and 5-year survival rates compared to chemotherapy alone (25).





Lesion ablation

Ablation techniques, such as RFA, microwave ablation, and cryoablation, are often complementary approaches to cementoplasty to achieve pain relief in patients with MM due to hypothesized destruction of nerve fibers and reduction in the activity of “bone-chewing” osteoclasts (through microwave ablation and cementoplasty). These procedures provide a non-invasive, outpatient option with reduced morbidity and mortality compared to surgical measures (10, 26). However, given they do not inherently provide bone support, ablative procedures should be considered in concert with cementoplasty if the goal of treatment is to prevent additional pathologic fractures from weakened bone.

RFA is a thermal procedure thought to provide pain relief and reduction of inflammatory cytokines via frictional heating, between 60-100 °C, produced from applicators delivering alternating currents (8, 13, 27). RFA procedures increase the risk of adverse effects due to thermal energy, and thus care should be taken to ensure appropriate placement of probes, necessary grounding pads if using monopolar probes, and continuous monitoring of the ablation zone (between 0.5 to 4-5cm) during the ablation process (27, 28). Further, RFA generates heat and a magnetic field that may negatively interact with devices such as spinal cord stimulators when performed in proximity (29). Safety measures specific to each device should be employed when treating patients with potentially conflicting hardware.

Similar to vertebroplasty and kyphoplasty, evidence from randomized controlled trials evaluating ablative techniques in patients with multiple myeloma remains limited. A systemic review and meta-analysis inclusive of MM patients found that RFA of spinal metastatic tumors in combination with vertebroplasty provides durable pain relief with 5% local tumor progression > 12 months after the combined procedure (30), though once again additional work is required to establish correlative findings in MM patient cohorts. In a randomized controlled trial investigating RFA prior to vertebroplasty in 36 MM patients, the introduction of ablation did not appear to significantly alter pain relief after vertebroplasty (31), while other studies have demonstrated improved pain relief in patients with bone metastases treated with RFA and vertebroplasty (32, 33).

RFA uses ionic agitation to produce fictional heating, while microwave ablation’s mechanism of action is via production of a non-ionizing electromagnetic microwave field. Microwave ablation can reach higher intra-lesional temperatures, ablate larger tumor volumes, and is less susceptible to the heat sink phenomenon compared to RFA, with both techniques requiring adequate preventative measures to reduce the risk of iatrogenic skin burns (12, 27). In a cohort of patients with spinal metastases (MM n = 10) who underwent combined microwave ablation and vertebroplasty, follow-up imaging 6 months after the procedure demonstrated no locoregional progression in nearly 97% of surviving patients (34). As recognized by the authors in this study, clinical evidence for microwave ablation in the spine is limited, though seems to provide durable pain relief and tumor control with minimal adverse effects.

Cryoablation, while perhaps more applicable for bone tumors, freezes bone lesions instead of applying heat like RFA and microwave ablation. Inert gases such as argon or helium are cycled through small cryoprobes to induce freeze-thaw cycles, with the tip of the cryoablation probe reaching upwards of -160 °C. Cellular ischemia and apoptosis are triggered when the surrounding tissue reaches -40 °C (12, 28). Compared to heat-based methods, cryoablation produces an anesthetic effect and can be visualized in real-time [e.g. ice ball formation] via CT or MRI, though the freeze-thaw cycles can take significant more time than heat-based methods (12, 27). In a group of 33 patients with axial loading skeletal metastases, over 80% of patients reported pain reduction 2 years after combined cryoablation and cementoplasty (35), though it’s important to consider the risk of post-cryoablation adverse events when selecting cryoablation over RFA and microwave ablation (36). Adverse events may include damage to the surrounding skin or inadvertent extension of the cryoablation ice ball outside of the specified treatment area, putting critical neural and vascular structures at undue risk of injury.





High-intensity focused ultrasound

High-intensity focused ultrasound (HIFU), like the name suggests, utilizes high-energy ultrasound which, when attenuated on target, heats the tissue above 80 °C. Beams between 1500 to 3000J are required to treat lesions localized to the periosteum, while higher requirements are needed to treat the cortex. A single-institution study on HIFU in patients with solid malignancies (MM iliac metastasis, n = 1) determined all bone metastases were palliated in symptoms following the procedure, with uptake reduction confirmed on PET-CT (37). Though effective, HIFU is limited by cortical depth, non-homogeneous ablation from singular sonification, and is better visualized in the context of MR-guided ultrasound (27). When applied in 13 patients with symptomatic bone metastases, MRI-guided HIFU provided durable pain relief in 11 patients, measured by both reductions in pain score and medication dosage for the treatment of pain relief (38). Even with promising results, there has yet to be a study specifically focused on the application of HIFU in the MM population, including defining its role in clinical practice and opportunities as an adjunctive therapy for palliation (37).





Radiation therapy

We would be remiss not to discuss radiation therapy, the gold standard treatment of bony metastases. However, radiation therapy has a high non-response rate of 20% with the greatest benefit achieved weeks after cessation of treatment. These factors, in combination with nearly 40% of patients failing to achieve pain relief after initial radiation therapy, provide ample opportunity for image-guided interventional techniques as discussed previously to help address these concerns (28, 39). Radiation therapy uses either x-ray or proton radiation [~30+ Gy, or smaller doses given over several weeks] to damage cancer cell DNA, either directly or indirectly via free radical generation, and induce cellular apoptosis. Unlike interventional procedures like vertebroplasty that may bolster vertebral stability, radiation therapy serves a palliative purpose for patients with MM, specifically to control large lesions and assist with bone-related pain. In a study on 442 patients with MM divided into “radiation therapy naïve” and “radiation therapy treated” cohorts, the most common indication for radiation therapy was for palliative pain purposes (42%) followed by pathologic fractures (28%) (40). Further, in a large institutional study on 239 patients with MM, the equivalent dose of radiation therapy did not impact risk of progression, with a 7.8% local progression risk per lesion at 1-year post-radiation therapy (41).

Interventionalists may see an increase in patients treated with both radiation therapy and image-guided ablative procedures, given the addition of cryoablation to radiation therapy regimens has been shown to significantly improve the complete response rate and self-rated quality of life in patients with painful bony metastases (42). Alternatively, prophylactic stabilization of lesions via vertebroplasty may help prevent pathologic fractures after radiation therapy (34). It remains underexplored whether other ablative techniques or cementoplasty are superior in isolation to radiation therapy for treatment of pathologic fractures and pain relief, despite image-guided procedures having reduced morbidity and procedural costs compared to the standard of care (26). A retrospective study on 73 MM patients found kyphoplasty was more effective than radiation therapy or systemic therapy alone in reducing pain, disability, and fracture incidence (43). The International Myeloma Working Group recommends systemic combination therapy and advocates sparing use of radiotherapy to preserve marrow reserve (44). In this context, vertebroplasty/kyphoplasty and percutaneous ablative modalities merit consideration as adjunctive options, though once again robust comparative evidence versus systemic therapy or radiotherapy is lacking.






Pain interventions




Nerve blocks

Patients with MM are often at a higher risk for complications with anesthesia, as graded by the American Society of Anesthesiologists (ASA) Physical Status Classification system, during fixation of pathologic fractures. This increased risk is due to factors such as renal dysfunction, hyper-viscosity syndrome, anemia, and hypercalcemia (45). For patients with MM who may be sensitive to alterations in their hemodynamic response, peripheral nerve blocks offer a safe alternative to general anesthesia while still providing adequate pain control (46). Nerve blocks have decreased systemic effects on hypotension and respiration compared to general anesthesia (47), and preserve mean arterial pressure and cardiac index when compared to central blocks via spinal anesthesia (48). Where non-steroidal anti-inflammatory drugs may be contraindicated to preserve renal function in the perioperative period, peripheral nerve blocks offer both intraoperative and post-operative pain relief despite few reports on nerve blocks in the MM patient population (49). In a case study on a 44-year-old ASA III MM patient with a fractured femur, a psoas compartment block and sciatic block were selected in favor of general anesthesia, due to the patient’s high levels of creatinine and urea, and central block, due to the high prothrombin and international normalized ratio. Adequate pain relief was achieved with no complications encountered during or after the procedure (45), providing evidence for the feasibility of nerve blocks over other anesthesia for select patients with MM. Interventionalists can thus play an important, though perhaps underutilized, role in providing pain relief via treatment of nerve plexuses or peripheral nerves through image-guided techniques (50).





Nerve ablation

Akin to the niche interventionalists can fill via nerve blockades, nerve ablation serves as an additional method for longer control of cancer-related pain. As described above, pain in systemic conditions like MM is multifactorial and related to the release of pro-inflammatory cytokines, nerve infiltration of bone marrow, and stimulation of afferent nerves (51). Nerve ablation causes degeneration of sensory fibers and accompanying myelin sheaths distal to the lesion, known as Wallerian degeneration, leading to a temporary halt of nerve signal transmission. This process can be achieved via either chemical or thermal ablation, with the latter including conventional RFA, though RFA may have faster recurrence and is more time consuming than chemical denervation via alcohol (52) (Figure 3). The temporary disruption and subsequent potential for peripheral axonal regeneration can be attributed to the preservation of Schwann cells, but the risk of recurrence may be diminished with a larger distance between the proximal axonal stump and distal fibers (52, 53). To achieve the greatest success with pain management, ablative techniques like RFA must target the bone-tumor interface for substantial destruction of nerve endings in addition to addressing the mass itself (54). However, research on nerve ablation in the MM patient population is limited, with some studies suggesting there is no significant difference between pain relief achieved via RFA from neural destruction and decreased cytokine production versus vertebroplasty with stabilized trabecular bone (31).

[image: Two axial CT scans show the effects of pulsed radiofrequency ablation on the right T6 and T5 dorsal root ganglia of a 25-year-old male. The left image is labeled “T6: Radiofrequency Ablation” and the right image “T5: Radiofrequency Ablation,” depicting changes in the thoracic region.]
Figure 3 | 25-year-old male with intractable herpatic neuralgia at the level of T6 presented for CT-guided RFA (shown as an example of nerve ablation non-specific to MM). Pulsed RFA was applied (42 °C for 2 minutes at a frequency of 2 hertz, 60 volts, impedance between 200 and 500 ohms) outside both the right T5 and T6 neural foramina. An additional lesion was created near T6 via conventional RFA (80 °C for 90 seconds) before removal of instruments with positive post-operative outcomes.






Future directions




Guidelines and recommendations

The IMWG released updated clinical practice guidelines in 2021 detailing the management of lytic bone disease in MM patients, including Zoledronic acid, Denosumab, and cementoplasty for compression fractures (55). The IMWG considers kyphoplasty to be a “grade A” recommendation and vertebroplasty to be a “grade C” recommendation. The updated guidelines do not include ablative procedures as a complementary approach to achieve pain relief in MM patients, nor do they discuss HIFU, nerve ablation, or nerve blocks in the MM patient population. Ablative procedures, including nerve ablation, can provide palliative pain control and even some tumor control, whether independent from or in concert with cementoplasty (34, 51, 56), though conflicting evidence of utility demands additional investigation before ablative procedures can be incorporated into clinical treatment guidelines (31). We provide evidence from our institution of ablative procedures tested in our MM patient population, with the hope of advancing our understanding of how ablative procedures may benefit patients in concert with vertebroplasty or kyphoplasty. We also support the IMWG’s recommendation to use radiation therapy sparingly, given additional kyphoplasty has been demonstrated to be more effective than additional radiation for pain relief (43, 44).
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