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                                                                                                                        Abstract

                                                            In multiple myeloma, peripheral neuropathy has for a long time been considered as mainly secondary to the plasma cell dyscrasia itself. With the advent of new targeted drugs such as thalidomide and bortezomib, the iatrogenic neurotoxicity has become the leading cause of peripheral neuropathy. This review discusses the pathogenesis, incidence, risk factors, diagnosis, characteristics, and management of peripheral neuropathy related to new multiple myeloma drugs, mainly bortezomib and thalidomide. The current knowledge of the pathophysiology of the new forms of peripheral neuropathy is still limited. The mechanisms involved depend on the agents used, patient’s medical history, and duration of exposure and/or treatment doses or sequence. Diagnosis of such peripheral neuropathy is often easier than treatment. A full anamnesis and regular clinical evaluation are necessary. Electrophysiological assessments may support the diagnosis, although their contribution remains insufficient. Complex clinical features may require a specialized neurological assessment within the context of a multi-disciplinary approach. Finally, early detection of peripheral neuropathy and the use of dose adjustment algorithms as in the case of bortezomib, should help reduce the side effects while maintaining anti-tumor efficacy.
                                                            
                                                            Introduction
In multiple myeloma (MM), peripheral neuropathy (PN) has for a long time been considered as mainly secondary to the plasma cell dyscrasia itself (particularly in POEMS syndrome), or following a direct compression (radicular or medullar), light chain deposits (amyloidosis), cryoglobulinemia or an autoimmune mechanism.1–3 Treatment options are often limited by the fact that many of the most active agents in MM can cause or exacerbate an existing neuropathy and PN has been shown to negatively impact patients’ quality of life.4 Examples of these drugs causing treatment related neuropathy include vincristine, platinum containing agents (which are mostly of historic interest), and more recently, thalidomide and the proteasome inhibitor bortezomib. With the advent of these new drugs, the iatrogenic neurotoxicity has become the leading cause of PN. In addition, the therapeutic combinations associating these different drugs with or without conventional chemotherapy are currently being tested. Thus, the management of these new forms of PN has become important since it may limit the therapeutic prospects and may be a challenge for clinicians both in terms of diagnosis and treatment. We herein review and discuss the pathogenesis, incidence, risk factors, diagnosis, characteristics, and management of PN related to new MM drugs, mainly bortezomib and thalidomide.
For the purpose of this review, we performed an extensive search of the computerized database PubMed (MEDLINE), and the abstracts of meetings of the American Society of Hematology, European Hematology Association, American Society of Clinical Oncology, and EBMT (European Group for Blood and Marrow Transplantation) from 2000 to 2009. The keywords used for the search were: myeloma, neuropathy, chemotherapy-induced neuropathy, neurotoxicity, thalidomide, bortezomib, and Velcade. Experts in the field of myeloma were also asked about ongoing or closed studies that had not yet been published.
Pathogenesis of peripheral neuropathy
The current knowledge of the pathophysiology of the new forms of PN is still limited.
The mechanisms involved in general depend on the agents used, patient’s medical history (e.g. history of diabetes), and duration of exposure and/or treatment doses.
Bortezomib
Although bortezomib-induced PN (BIPN) is usually easy to diagnose from a clinical point of view, its pathophysiology remains unclear. BIPN seems to be a proteasome-inhibitor class effect. In the rat, Cavaletti et al.5 demonstrated that bortezomib induces a significant and dose-dependent reduction in the sensory nerve fibers’ conduction velocities, with recovery taking several weeks. Sciatic nerve examination and morphometric determinations demonstrated mild to moderate pathological changes, involving predominantly the Schwann cells and myelin, although axonal degeneration was also observed. Bortezomib-induced changes were also observed in dorsal root ganglia (DRG) neurons and they were represented by satellite cell intracytoplasmatic vacuolization due to mitochondrial and endoplasmic reticulum damage, closely resembling the changes observed in sciatic nerve Schwann cells. In another study, it was also shown that the primary target for proteasome inhibitor-induced PN was the DRG neuronal cell bodies. After proteasome inhibition in vivo, chromatolysis of DRG neurons was observed, followed by cytoplasmic accumulation of eosinophilic material. Evidence of neurofilaments and juxtanuclear electron-dense cytoplasmic deposits was also noted within the DRG neurons. These lesions were likely related to blood and cellular proteasome inhibition levels.6 At the molecular level, mitochondrial and endoplasmic reticulum damage seems to play a key role in BIPN, since bortezomib is able to activate the mitochondrial-based apoptotic pathway.7 Co-treatment with a panel of Ca++ modulating agents identified the mitochondrial uniporter as a critical determinant in bortezomib cytotoxicity, suggesting that mitochondrial mediated dysregulation of Ca++ homeostasis is a critical regulator of bortezomib cytotoxicity.8 Furthermore, there could potentially be a dysregulation of the neurotrophic factors since bortezomib inhibits the activation of NFκ-B, thereby blocking the transcription of the trophic Nerve Growth Factor.5 In another work, Poruchynsky et al. demonstrated that proteasome inhibitors increase tubulin polymerization and stabilization in tissue culture cells. This microtubule stabilization represents a possible mechanism contributing to BIPN and cellular toxicity following proteasome inhibition with bortezomib.9 Finally, it is also increasingly recognized that BIPN may be triggered by some autoimmune or inflammatory factors.10,11
Thalidomide
The mechanisms of thalidomide-induced PN (TIPN) are also not clear. Diverse mechanisms may be involved: reduction in nerve blood supply due to the anti-angiogeneic properties of thalidomide, direct toxic effects of thalidomide on neurons of the posterior root ganglia or dysregulation of neurotrophin activity through effects of thalidomide on NFκ-B. In fact, alteration in the usual process of Wallerian degeneration due to a reduction in TNF-α, and secondary inhibition of NFκ-B has already been described. Studies based on sural nerve biopsies have shown signs of Wallerian degeneration and a selective loss of large diameter fibers without demyelinization.12 More recently, Johnson et al. have shown that genetic variations in genes involved in drugs’ neurotoxicity are likely to impact on whether an individual patient will develop this adverse effect. The most significant SNPs associated with TIPN were seen in the ADME genes group (drug Absorption, Distribution, Metabolism and Excretion), ABC, cytochromes and solute carrier families’ genes. Significant associations were also seen in genes involved in neurological system processes and central nervous system development (ERBB2, NQO1, MY03A, PPARD, DBH, NGFR, GSTP1, TCF8 and ICF1R).13
Clinical aspects
Bortezomib
The clinical profile of BIPN is quite characteristic. Although some rare cases of sudden polyradiculoneuritis may occur, BIPN typically occurs within the first treatment cycles with bortezomib, reaches a plateau around cycle 5, and does not appear to increase thereafter10,14 (Table 1). It is more a sensory rather than a motor PN (pain, paresthesia, burning sensation, dysesthesia, numbness, sensory loss) affecting the feet more than the hands.5 Patients may present a suppression/reduction in their deep tendon reflexes (DTR) in proportion to sensory loss and changes in proprioception and vibratory sensitivity.15 Indeed, Cata et al. described a significantly elevated touch detection threshold and slotted peg board time, impaired sharpness detection, and elevated thresholds for the detection of skin warming and heat pain. Patients also had increased reports of cold pain, indicating that BIPN is associated with deficits in all fiber types in sensory nerves.15 Pain, positive sensory symptoms in a stocking-and-glove distribution, and proprioception changes usually do not subside between courses of therapy and may severely affect normal daily living activities.16 From the electrophysiological standpoint, nerve conduction study predominantly reveals low amplitude of sensory action potentials, in keeping with a length-dependant, sensory, axonal polyneuropathy, with predominant small-fiber involvement.17
Motor impairment is rare, even if the pain and stinging of the extremities result in a reduction in activity complicating the diagnosis of pure muscular weakness. However, grade 1 to 3 motor neuropathy, consisting of mild to severe distal weakness in the lower limbs, may occur in approximately 10% of patients with cases of life-threatening grade 4 motor neurotoxicity.18,19
In terms of dysautonomic neurotoxicity, orthostatic hypotension has been reported in about 10% of the patients. The pooled data from 228 patients treated in phase II trials20,21 revealed orthostatic/postural hypotension in 27 (12%) patients (4% grade 3, no grade 4). This complication is often dose-dependant and can be difficult to recognize and manage.
Thalidomide
The neurological complications usually occur after prolonged exposure: 70% of the patients treated for 12 months will develop PN. The clinical manifestations include bilateral and symmetrical sensory disorders, rarely motor disorders or dysautonomia. Patients can experience stinging sensations or numbness (distal paresthesia and hyperesthesia) that initially affect the toes, sometimes the fingers, and that may extend proximally. Trembling is very common but rarely interferes with daily activities in the initial stage. Later, the deep vibratory sensitivity and proprioception may be affected, leading to progressive ataxia, difficulty in walking and trembling when posture is maintained.
From the electrophysiological standpoint, thalidomide is most frequently reported to cause a length-dependent axonal neuropathy.22 Symptoms are rather sensory and affect small and large diameter fibers. Motor impairment is rare but possible in the most severe cases. However, Mileshkin et al. found that motor nerve electrophysiological study (NES) changes were seen commonly and frequently developed concurrently with sensory changes,23 suggesting that thalidomide frequently causes a sensorimotor axonal neuropathy, in contrast to bortezomib, which causes a predominantly sensory neuropathy. The cardinal sign on NES is a 50% decrease in the sensory nerve action potential (SNAP) amplitude, with relative conservation of nerve conduction velocities.12
Incidence, severity and risk factors of bortezomib-induced peripheral neuropathy
Incidence and severity of bortezomib-induced PN
BIPN was first reported in phase I trials.24 This data has been confirmed in phase II trials (SUMMIT)20 and CREST),21 and in the pivotal phase III trial (APEX)25 Richardson et al. assessed the frequency, characteristics and reversibility of PN occurring under bortezomib in the two SUMMIT/CREST trials.14 The pooled analysis of both trials revealed that PN was observed in 35% of the patients including 37% of the patients treated with 1.3 mg/m and 21% of those treated with 1 mg/m. The incidence of grade 1 or 2, 3 and 4 PN was 22%, 13% and 0.4%, respectively. A dose reduction was necessary in 12% of the patients and 5% of the patients had to discontinue treatment. Among patients who developed PN, a full resolution or an improvement of the PN was reported in most of the patients during follow-up (in 51% of the patients with grade ≥2 PN, and in 71% of the patients with grade 3, 4 PN or with PN resulting in treatment discontinuation). The median time to improvement or resolution of the PN was 47 (range, 1–529) days. Among patients without PN in the SUMMIT/CREST trials, 41 were included in the extension of the SUMMIT trial: only 5 (12%) of these patients presented PN after the additional courses of bortezomib. In spite of a prolonged treatment, most of the patients who had presented a PN in the SUMMIT/CREST trials did not report an aggravation of the PN, demonstrating that prolonged exposure to bortezomib does not increase the incidence or severity of the PN.14
In the large randomized phase III trial (APEX), 669 patients with relapsed or refractory MM were randomized to bortezomib or dexamethasone. Bortezomib was held, dose-reduced or discontinued depending on PN severity, according to a protocol-specified dose-modification guideline. The frequency, characteristics and reversibility of PN in this trial was recently assessed by Richardson et al.26 Overall, 37% of patients assigned to the bortezomib arm had BIPN, including 27% with grade ≥2, 9% with grade ≥3, and <1% with grade 4. The cases of PN were mainly sensory. Motor PN was rare. Of patients with grade ≥2 PN, 64% experienced improvement or resolution to baseline at a median of 110 (range, 4–627) days, including 68% who had dose modification versus 47% who did not. Moreover, efficacy did not appear adversely affected by dose modification for grade ≥2 PN. Incidence and severity were not affected by age, number/type of prior therapies, baseline glycosylated hemoglobin level, or diabetes history. The authors concluded that the lower frequency of grade ≥3 PN in the APEX trial might be due to the use of established dose-modification guidelines and to increasing investigator awareness of neuropathy, which was not the case in the SUMMIT/CREST trials.26,27
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Table 1.Characteristics of bortezomib- and thalidomide-related peripheral neuropathy.
More recently, in the VISTA trial,28 testing bortezomib plus melphalan and prednisone for initial treatment of MM, sensory PN was reported more frequently in the bortezomib group, including grade 1 neuropathy in 14%, grade 2 in 17%, grade 3 in 13%, and grade 4 in <1% of patients. At time of data cut-off, 74% of PN events had either resolved (56%) or decreased by at least one toxicity grade (18%) within a median of two months, consistent with the rate reported in previous studies, taking into account the duration of therapy and the cumulative dose of bortezomib. In another recent single-center retrospective series of 100 patients treated with bortezomib, the incidence of PN was 38% with only 5 cases of grade 3 PN and one case of grade 4 PN. The median time to PN occurrence was 53 (range, 11–182) days. In the 38 patients who developed PN, a resolution or an improvement in the symptoms was noted in 53% of the cases in a median period of three months (range, 1–8). In multivariate analysis, the total number of bortezomib cycles (<4 or >4 cycles) and a past history of treatment with thalidomide were the significant predictive factors for the development of PN.18
Risk factors for bortezomib-induced peripheral neuropathy
When considering therapeutic combinations, several trials combined bortezomib with other drugs known for their neurotoxic properties. The concomitant use of other agents does not seem to affect the risk of PN, in particular the addition of thalidomide. For instance, in the trials assessing bortezomib in combination with thalidomide, the incidence of grade 3–4 PN was relatively low.29 This was rather surprising since the two drugs are known to be neurotoxic. Although this may be due to a selection bias, it is possible that thalidomide has a protective effect with respect to bortezomib through its anti-inflammatory action, that inhibits TNF-α.29 However, in another study by Chaudhry et al. assessing 27 previously untreated MM patients, at the end of treatment with bortezomib and thalidomide, PN developed in 26 patients. PN was of mild to moderate severity (grade 1=11, grade 2=10, grade 3=5, and grade 4=0), suggesting that using those two neurotoxic agents together has limitations, even though 80% of patients had become asymptomatic after discontinuation of the chemotherapy.10 More interestingly, it is worthy of note that some patients receiving a salvage treatment with lenalidomide presented a significant improvement in their PN symptoms which may be attributable primarily to the abbreviated doses of bortezomib that were used and/or the putative anti-inflammatory action of lenalidomide.29 Therefore, further larger studies are needed to support the finding of symptomatic improvement of BIPN after IMID administration.
As a first-line treatment, the use of bortezomib with dexamethasone (± doxorubicine) did not induce grade 3 or 4 PN more often than in the relapsed patients.30,31 The trials carried out with bortezomib in first line demonstrated a similar incidence of PN compared with the patients treated after a relapse. Harrousseau et al.32 reported a cumulative incidence of PN of 30% (6% grade 3 and 4% discontinuation of treatment due to PN), while Jagannath et al.30 observed a 31% rate including 16% grade 3. In both trials, no predisposing factors for this PN were detected. Interestingly, when bortezomib and dexamethasone were administered as a pre-transplant induction regimen on an alternating schedule in the recent Spanish phase II PETHE-MA trial,33 a very low PN rate was observed (22.5% grade 1, 2.5% grade 2 and no grade 3 or 4), which seems to be a promising schedule.
But one should keep in mind that the disease itself may represent an important contributing factor to BIPN genesis since a significant portion of chemotherapy-naive patients with newly diagnosed MM are found to have neuropathy symptoms at baseline (3–20% according to studies).4,34,35
Indeed, the impact of a pre-existing PN is still a matter of debate. About 80% of the patients included in phase II trials (SUMMIT/CREST) already presented PN at time of inclusion (with 48% already having some functional deficiency with sensory or motor symptoms). Seventy-five percent of the patients had received a prior treatment with vincristine, 72% with thalidomide and 36% with cisplatin. The incidence of grade 3 PN was higher in patients with pre-existing PN at time of inclusion, compared with those without PN (14% vs. 4%). Although more severe PN was found in cases of pre-existing PN before the treatment, the global incidence of PN was independent of the presence of an initial PN or the type of prior treatment received.14 In the APEX trial, 67% of patients reported PN symptoms at baseline. The overall incidence of treatment-emergent PN in these patients was 39%, including 11% grade ≥3, compared with 38% and 5% in patients without baseline symptoms. In a retrospective study, Badros et al. evaluated the incidence, severity and risk factors of PN in a population of 78 relapsed or refractory MM patients treated with bortezomib alone or in combination.29 Before treatment, 37% of the patients presented grade 1 or 2 PN. After treatment, 52% developed PN (including 15% and 7% grade 3 and 4, respectively). Although the retrospective design and the elevated number of patients with pre-existing neuropathy or diabetes mellitus (DM) may have biased the interpretation of results, this study showed that pre-existing PN was a significant predictive factor for the appearance or aggravation of PN. Similarly, in the VISTA trial, patients with baseline grade 1 PN (9%) had an increased risk of treatment-emergent/worsening PN. In fact, pre-existing neuropathy appeared to be the only consistent baseline risk factor in this trial.28 The latter findings were further supported by data from Lanzani et al. showing that the course of BIPN is generally more severe in patients with the highest baseline PN.36 Obviously, more studies are still needed before drawing definitive conclusions as to the role of a pre-existing PN to BIPN. However, it is likely that a pre-existing PN would represent a significant additional factor warranting careful assessment of the benefit/risk ratio if bortezomib is to be used.
When considering the impact of age, in the phase II trial by Mateos et al. testing VMP,37 age seemed to play a major role since the incidence of PN was higher in patients over 75 years (25%) as compared to patients under 75 years (14%). But in the phase III VISTA trial,28 there was no significant difference in the incidence and severity of BIPN according to age. Also, different studies could not show a significant impact of age per se as a risk factor for PN.25,26,29 Finally, in the future, other drug combinations such as tanespimycin (which targets HSP90) with bortezomib may modify the natural history of BIPN.38 One should also bear in mind that novel irreversible proteasome inhibitors, NPI-0052 and carfilzomib, are being developed and clinical trials are underway in myeloma and other solid tumors. Novel agents such as carfilzomib may have a different toxicity profile in terms of PN, while showing increased efficacy compared with bortezomib and being active against bortezomib-resistant myeloma cell lines and samples from patients with clinical bortezomib resistance.39
Incidence, severity and risk factors of thalidomide-induced peripheral neuropathy
Thalidomide was introduced in the treatment of MM about ten years ago. The first study was published by Singhal et al.40 and since then thalidomide has proved to be a major treatment for replased or de novo MM. The incidence of TIPN varies greatly according to the different studies, since the criteria for the evaluation and rating differ (electro-physiological or clinical criteria), the follow-up is generally short, and the cohorts are not always comparable. The overall incidence of PN ranges from 25 to 83%, with about 15% of the patients having to interrupt their treatment.23,41,42 In a meta-analysis of 42 phase II trials on thalidomide used as a single agent in 1,674 relapsed or refractory MM patients, Glasmacher et al.43 reported an incidence of grade 3–4 PN of about 6%. Predictive factors for the appearance of PN with thalidomide are not yet clearly established, and the studies are sometimes even contradictory. In the Total Therapy 2 (TT2) study,44 668 newly diagnosed patients were treated with double autologous transplantations, with a randomization between 400 mg of thalidomide or not during induction, and between low dose of thalidomide or not during the consolidation-maintenance phase. In this trial, the incidence of PN was higher in patients aged over 65 years (41% vs. 17%, P<0.001). In other studies,23,45,46 the relative risk of developing TIPN was not influenced by age, sex, type of prior treatment (including vincristine), or even abnormalities in the electrophysiological examinations at baseline.23
The relationship between PN, duration of exposure, dose-intensity and cumulative dose of thalidomide remains controversial. Several trials have demonstrated that PN was more likely to appear with a high cumulative dose and that it aggravates with the highest administered doses.47–50 A few studies have suggested a lower risk of PN with low doses. In two successive trials, Rajkumar et al. reported PN in 50–80% of the patients, and this was correlated with the dose and duration of treatment.51,52 Offidani et al.45 found that the incidence of PN was dose-dependent, with a significant cut-off for the development of PN at 150 mg/day. In the meta-analysis by Glasmacher et al., the cut-off was at 200 mg/day.
However, other trials did not find a significant link between the cumulative dose and the occurrence of PN. Tosi et al.46 reported the long-term toxicity results in 40 patients that had received thalidomide ± dexamethasone (with evaluations by NES in the most severe cases). The overall incidence of PN was 75%. In this trial, the risk of PN was mainly correlated with the duration of treatment, and not with the cumulative or daily dose of thalidomide. Another study by Mileshkin et al.23 assessed the time course, predictive factors and utility of serial NES in the development of PN in 75 relapsed/refractory MM patients, that had been treated with increasing doses of thalidomide±IFN-α. Patients were clinically and electrophysiologicaly monitored (NES every three months). Thirty-nine percent of patients had NES abnormalities at baseline, yet no patients had a clinical neuropathy greater than grade 1 at enrollment. Forty-one percent developed PN (32% grade 2) during therapy and 15% had to discontinue the treatment due to toxicity. The actuarial incidence of PN rose dramatically between six and 12 months from 38% to almost 73%. The patients who developed PN in this trial received a median of 268 days of thalidomide, as compared with 89 days for those who did not develop PN (P=0.0001). Interestingly, the major predictor of developing PN was found to be the duration of exposure to thalidomide, rather than on the cumulative dose or dose-intensity. Based on these findings and review of the literature, including 12 studies addressing the relationship between cumulative dose and the development of PN, Mileshkin et al.23 recommended no more than six months of thalidomide therapy with optimal dosing, with the possible exception of elderly patients who may require prolonged therapy. Other trials have corroborated these results since it appears that even with low doses, patients may still develop PN if they were exposed to thalidomide for a long time.53–55 This latter issue is crucial since there is still controversy in the literature as to the efficacy of low doses of thalidomide.56 In a prospective randomized trial testing a dose of 400 mg/day vs. 100 mg/day, Yakoub-Agha et al.56 noted that the 100 mg/day dose was better tolerated with a significant reduction in drowsiness, constipation, and PN. In this perspective, one can speculate that it may be possible to maintain thalidomide treatment with a reduced dose without aggravating the PN. In summary, the above different studies suggest that age, duration of exposure, dose-intensity and cumulative doses may influence the incidence of TIPN to different degrees. Although the use of low doses may prove effective and better tolerated (particularly for drowsiness), the long-term neurological toxicity persists and should be taken into account.12 More recently, the advent of new generation IMID (lenalidomide) seems promising since these thalidomide-analogs are less toxic in terms of PN, while having a greater immunomodulatory activity and a superior safety profile compared to thalidomide.
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Table 2.Guidelines for the management of bortezomib and thalidomide-induced PN evaluated according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events.
Indeed, in a phase II trial57 testing lenalidomide (30 mg/day) in relapsed/refractory MM patients, the incidence of PN was 10%, with only 3% of grade 3. In another large study by Richardson et al.,58 no cases of lenalidomide-related grade 3 or 4 PN were reported, with grade 2 PN reported in 6 (3%) patients. Finally, the incidence of severe PN barely exceeds 2% in the two major pivotal phase III trials,59,60 comparing lenalidomide-dexamethasone versus dexamethasone alone.
Practical recommendations
Assessment of bortezomib-induced peripheral neuropathy
A regular clinical evaluation of the symptoms and performance status, before the beginning and during treatment are essential to monitor clinical changes. Early diagnosis may be essential, especially as there is a small subgroup of patients who develop severe PN soon after starting bortezomib. Therefore, there is an urgent need for developing a clinically easy to use and effective diagnosis and staging system. In the APEX study, 45% of patients who discontinued due to grade ≥2 PN did so within the first three cycles. Although authors usually focus on the severe grade 3–4 PN, special attention should be drawn to grade 2 PN with pain since such manifestations can significantly impact patients’ quality of life. Patients should be encouraged to immediately report the slightest functional difficulty or restriction (writing, getting dressed, doing and undoing buttons, etc.). However, such a type of assessment may introduce a certain subjectivity from the patients, and limits the comparability of the trials.61 Accurate grading of BIPN is still controversial. Several questionnaires or scales can be used.62–65 Recently, the Total Neuropathy Score,66 a composite measure that includes symptoms, signs, ability aspects, and electrophysiological measures, has been shown to be valid in patients having chemotherapy induced PN (CIPN). However, none of the currently available scales is a firmly established measure in BIPN, and their validity and reliability should be tested in future studies assessing neurotoxicity in patients treated with bortezomib. In our opinion, the optimal grading scale for assessing neurotoxicity would probably include the use of a combination with grading scale of pain intensity and electrophysiological measures.
Outcome of bortezomib-induced peripheral neuropathy
Since BIPN is dose-dependent and often reversible, the use of an algorithm of modifications for the treatment regimen is required. BIPN can improve, stabilize or completely resolve in most patients upon discontinuation or reduction of bortezomib doses after a median interval of three months.14 However, one should bear in mind that the median duration of improvement is longer with grade 3–4 impairments than with grade 1–2 impairments. Dose reduction algorithm, longer intervals between cycles, but also a weekly instead of a twice-weekly administration schedule, are effective strategies to prevent aggravation of symptoms. The occurrence of PN with pain requires a dose reduction under the classical dose of 1.3 mg/m. Interestingly, in the CREST trial, the incidence of BIPN was lower with the 1 mg/m dose, suggesting that it is possible to continue the treatment with a low dose in patients who do not well tolerate the 1.3 mg/m dose while maintaining good therapeutic efficacy. Moreover, a recent study comparing two regimen bortezomib-melphalan-prednisone (VMP) versus bortezomib-melphalan-prednisone-thalidomide (VMPT) in up-front therapy for patients older than 65 years, Palumbo et al. showed that weekly infusion of bortezomib significantly reduced the incidence of grade 3–4 PN (18% in the biweekly vs. 9% in the weekly schedule for the VMPT arm, and 12% in the biweekly vs. 3% in the weekly schedule for the VMP arm) without influencing outcome.67 The beneficial impact of a weekly administration schedule of bortezomib in terms of BIPN could be also shown in the Spanish multicenter study by Mateos et al. comparing VMP versus VTP (bortezomib-thalidomide-prednisone).68
Treatment of bortezomib-induced peripheral neuropathy
The treatment of BIPN is usually symptomatic. Treatment with analgesics or anti-depressants may be beneficial (such as amitriptylline, serotonin uptake inhibitors, duloxetine or antiepileptic agents, such as gabapentine). The use of topical skin agents may be useful in certain patients (capsaicin cream). Certain authors have used low doses of vitamin supplements (B6, C, L-carnitine). However, one should be cautious since high doses of pyridoxine may induce lesions of the sensory neurons (especially in case of renal insufficiency or low-protein diet).69,70 The use of high doses of vitamin C is also not recommended since it may interfere with the metabolism of bortezomib and reduce its efficacy.71,72 More recently, Colvin et al. described a case of a rapid reversal of BIPN by using the topical transient receptor potential melastatin (TRPM8) receptor activator, menthol.73 Based on our experience, in case of BIPN, we propose first to use pregabalin 150–600 mg/day for at least three months. Gabapentin (300–2,400 mg/day) is another alternative and the highest tolerated doses should be aimed. In case of failure, duloxetine (30–60 mg/day) is a valid second-line choice. We also suggest the use of tramadol to fight against chronic pain.74 In addition to pharmacological measures, we also advise the patient to: (i) wear loose-fitting shoes, roomy cotton socks, and padded slippers; (ii) keep feet uncovered in bed since bedding that presses down on the toes can add to the problem; (iii) walk to help blood circulate in the feet, though too much walking or standing can make the problem worse; and (iv) soak feet in icy water (or the coldest water available) and massage the feet for temporary pain relief.
When considering dysautonomic side-effects, especially if myeloma is complicated by Al amyloidosis, bortezomib should be used cautiously in patients with a history of syncope, receiving medications known to be associated with hypotension or who are dehydrated. Management of orthostatic/postural hypotension may include adjustment of antihypertensive medications, hydration, increased salt intake, or the administration of corticosteroids with miner-alocorticoid effects. Patients should rise slowly, keep physically active, and drive vehicles or operate machinery with caution. They should report any episodes of hypotension or symptoms of light-headedness, dizziness, or fainting. This symptom may be reduced by concomitant hydration (500 mL normal saline) with each dose of bortezomib.75
In all, it is likely that with: (i) a systematic neurological examination at the beginning of bortezomib treatment (particularly in those patients who received prior neurotoxic agents such as vincristine, cisplatine or thalidomide); (ii) compliance with the rules of treatment schedule modifications for patients presenting de novo PN or aggravation of a pre-existing PN; and (iii) a switch towards a weekly administration schedule (especially in case of combinations such as bortezomib, thalidomide and dexamethasone), the incidence and management of BIPN will be less problematic (Table 2).
Thalidomide-induced peripheral neuropathy
In addition to patients’ awareness, regular clinical monitoring is mandatory. Although some authors recommended systematic NES tests, their usefulness has never really been demonstrated. The results of the study by Mileshkin et al. that assessed patients by means of neurophysiological examinations every three months, demonstrated that close clinical monitoring is as effective as regular electrophysiological assessments. NES did not reliably predict the onset of significant PN and frequently did not correlate with clinical findings.23 The lack of correlation between NES results and the clinical features of TIPN was also reported in non-myeloma patients.76
Before the sensory PN becomes painful, complicated by motor deficiency or interferes with daily activities, it is necessary to reduce or discontinue thalidomide.77 In contrast to BIPN, if thalidomide is not interrupted quickly, PN symptoms can often aggravate and become irreversible. Since the occurrence of TIPN is not predictable and a preventive treatment still does not exist, it is important to minimize other potential risk factors for PN such as vitamin B12 deficiency. Indeed, a recent study demonstrated that Vitamin B12 deficiency occurred in 13.6% of patients with plasma cell dyscrasia.78 Moreover, diabetes must always be considered since it predisposes to PN and thalidomide has been involved in the aggravation of the glycemic balance.79 The symptomatic treatment of this PN does not differ from that of BIPN.
Concluding remarks
New treatments with bortezomib or thalidomide have improved the outcome of patients with MM. Therefore, the management of PN is becoming a major challenge and further studies are still required to accurately assess PN risk factors. The elucidation of neurotoxicity pathogenesis will hopefully help facilitate the identification of more effective and safe neuroprotective strategies. Electrophysiological assessments may support the diagnosis, although their contribution remains insufficient since most of the symptoms for both drugs derive primarily from the damage of the small nerve fibers that are not well investigated by routine electrophysiological techniques. A full anamnesis and regular clinical evaluation are necessary. Complex clinical features may require a specialized neurological evaluation within the context of a multi-disciplinary approach. However, there is a need for a simple, widely usable, and effective grading system. Early detection of PN and the use of dose adjustment algorithms or modification of administration schedules, as in the case of bortezomib, should help reduce the side effects while maintaining anti-tumor efficacy.
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