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                                                            Inhibition of protein degradation through the ubiquitin–proteasome pathway is a recently developed approach to cancer treatment that adds to the range of cellular targets for chemotherapy (DNA, the cytoskeleton, and transcription and replication enzymes).1 The proteasome carries out the regulated degradation of unnecessary or damaged cellular proteins; the array of proteins targeted by the proteasome include those that regulate cell-cycle progression and apoptosis. On May 13, 2003 the U.S. Food and Drug Administration granted accelerated approval for the use of the 20S proteasome complex inhibitor bortezomib as a single agent for the treatment of patients with multiple myeloma after two prior therapies and progressing on their most recent treatment. Two years later bortezomib received regular approval for the treatment of multiple myeloma progressing after at least one prior therapy. In Europe an approval under exceptional circumstances was granted in January 2004 by the European Medicines Agency (EMEA) pending an annual reassessment of the benefit-risk balance.
Since the first phase I trial it appeared that, among the major dose-limiting toxicities, sensory neurotoxicity was particularly relevant.2,3 The two pivotal phase II trials included a total of 256 patients (228 of whom were treated with the 1.3 mg/m dose) and used the same schedule of twice-weekly intravenous boluses of bortezomib for 2 weeks every 21 days for up to eight cycles. Peripheral neuropathy was reported in 37% of these patients, while grade 3 peripheral neuropathy occurred in 14% of them. In the study on 202 patients reported by Richardson et al.4 all the patients had been heavily pretreated. Among the 33 patients who did not have neuropathy before beginning bortezomib therapy, grade 3 neuropathy developed in one and grade 1 or 2 neuropathy developed in 16.
Overall, 12% of the patients required a reduction of the dose at least once, and 4% of patients discontinued treatment because of peripheral neuropathy. The authors concluded that «the most clinically significant adverse event was cumulative, dose-related peripheral sensory neuropathy», although they suggested that «the incidence of neuropathy will be lower in ongoing clinical trials of bortezomib involving patients with earlier-stage myeloma who do not have preexisting neuropathy». However, in the trial reported by Jagannath et al.,5 54 patients were treated with two different bortezomib doses (i.e. 28 of them with 1.0 mg/m and 26 with 1.3 mg/m) and the cumulative incidence of severe peripheral neuropathy was 9% (grade 4 in one case). Treatment-emergent neuropathy of any grade was reported in 41% of patients, a rate very close to that observed in the population with more advanced disease reported by Richardson et al.4 To explain this rather disappointing result the authors evidenced that a large proportion of the patients had entered the study with baseline signs of neuropathy. In both studies it was reported that a striking feature of bortezomib-induced peripheral neurotoxicity was neuropathic pain, a symptom rarely reported as severely disabling with other neurotoxic antineoplastic drugs, and that recovery occurred in most patients within months after withdrawal of treatment. These data about the incidence, severity and clinical features of bortezomib-induced peripheral neurotoxicity were substantially confirmed by subsequent studies of patients with hematologic malignancies.3,6–14 Given the anticancer effectiveness of bortezomib, the issue of peripheral neuropathy in pretreated patients was specifically addressed.15 Despite possible limitations which could prevent the generalization of their results, the authors concluded that peripheral neuropathy seems to be a cumulative, dose-related adverse effect and that its prevalence increases through the first five treatment cycles. More than two-thirds of the patients with clinically significant neuropathy experienced resolution or improvement of neuropathic pain and other symptoms during treatment after dose modification or on completion of therapy. However, peripheral neuropathy was dose-limiting in 5% of the patients and dose reduction was required in 12% of the treated subjects.
In this analysis, the development of treatment-emergent peripheral neuropathy was reported to be independent of the type of prior neurotoxic therapy that the patient had received and the presence and severity of pre-existing neuropathy. Dose modifications have been suggested in order to limit the onset of bortezomib-induced peripheral neurotoxicity.15
The risk of developing clinically relevant peripheral neurotoxicity was not changed by the use of bortezomib as first-line therapy. In fact, when it was used as first-line treatment in multiple myeloma, drug administration was discontinued because of peripheral neurotoxicity in 4% of the patients, with the incidence of peripheral neuropathy being 30% (6% grade 3) in one study,16 while 31% of the patients had grade 2 or higher (16% grade 3) peripheral neuropathy in another study.17 Again, no associated risk factors for the development of severe bortezomib-induced peripheral neuropathy have been clearly established. Age >75 years was indicated as an additional risk factor for the onset of bortezomib-induced peripheral neurotoxicity when the drug was used as first-line treatment, since the incidence of grade 3/4 peripheral neuropathy was 14% in the youngest patients and 25% in the oldest ones;18 however, given the relatively low number of patients this conclusion should further be confirmed.
A further alert and strong indication to carefully investigate the peripheral neurotoxicity of bortezomib come from a recent study reported by Chen et al.19 of treatment-naïve or previously treated patients with Waldenström’s macroglobulinemia. In fact, in this small study 74% of the patients developed new or worsening peripheral neuropathy (grade 3 and dose-limiting in 18% of the patients), generally early in the course of the treatment. Most of the affected patients had a complete or partial recovery from pain and neuropathy-related symptoms, although recovery required up to 2 years. Interestingly, in this study motor neuropathy was reported in a minority of the patients, in addition to the typical sensory, painful neuropathy.
Finally, with an increasing number of patients exposed to bortezomib, uncommon presentations of neuropathy during treatment, such as severe autonomic or motor neuropathy,20 have been occasionally reported during scientific meetings, although it should be stressed that a causal relationship with drug administration has never been clearly demonstrated (personal communications and observations). It also remains unclear whether the long-term use of bortezomib may cause additional complications due to protracted inhibitory effects on proteasome cleavage of pathological proteins.
All these data have recently led the EMEA to announce some relevant modifications, mainly related to neurotoxicity, in the next Product Information sheet, including the obligation for «patients experiencing new or worsening peripheral neuropathy» to «undergo neurological evaluation» and the anticipated reduction of the dose of bortezomib related to both sensory and motor neuropathy.
From a review of the available data it is clear that the current knowledge on the clinically relevant features of bortezomib-induced peripheral neurotoxicity needs to be substantially improved. In fact, the effectiveness of this compound is so impressive and the potential benefit for the patients is so great that every effort should be made to prevent this dose-limiting effect and to increase the safety of this drug. One major issue is that it is unclear how and to what extent proteasome inhibition can damage the peripheral nervous system. In this perspective, the availability of an animal model of bortezomib-induced peripheral neurotoxicity21 might be helpful to investigate the pathogenesis of this drug-related complication. In fact, the finding that dorsal root ganglia and peripheral nerve glial cells, and not only axons, can be damaged by bortezomib at doses which induce the same extent of proteasome inhibition detected during the clinical use of the drug allows unexpected speculations on the mechanism of the peripheral neurotoxicity. Moreover, animal models might also be useful to test strategies, besides dose modification, to prevent or reduce such neuropathy. However, only prospective and carefully designed studies on homogeneous, large series of patients treated first-line with the drug might be able to establish clearly the clinical features of bortezomib-peripheral neurotoxicity, identify subjects at high risk of developing this side effect and determine the extent and time course of recovery from this complication. Standardized neurophysiological testing will also be extremely helpful to identify the target of bortezomib toxicity in the peripheral nervous system, since the few data reported so far are inconclusive and experimental results suggest that involvement of the peripheral nervous system might be more relevant than previously believed.21,22
For all these reasons, until there is more precise knowledge on bortezomib-induced peripheral neurotoxicity and in view of the possible combined use with other neurotoxic drugs, a prudent attitude is advisable, careful monitoring of the patients is necessary, and collaboration among clinicians and researchers is mandatory; accurate reporting of uncommon cases will probably also be very useful. Finally, continuous reassessments of the Product Information sheet should be supported and oncologists should be encouraged to comply with the Agency’s recommendations.
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