THE EMERGING ROLE OF SECOND GENERATION PROTEASOME INHIBITORS, INCLUDING CARFILZOMIB AND OTHER AGENTS: CLINICAL DATA
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Proteasome inhibition has been validated as a highly effective strategy in the treatment of multiple myeloma (MM). Bortezomib (Btz), a small molecule boronate peptide and the first-in-class, reversible proteasome inhibitor (PI) to have been approved, has shown substantial clinical activity both as a single agent and in combination, with dramatic improvements seen in survival for MM patients with its use both as initial therapy and in relapse. However, the development of peripheral neuropathy (PN) and other dose-limiting toxicities (DLTs) can limit its extended use at full dose and thus curtail its potential effectiveness. Moreover, resistance to Btz-based therapy can emerge over time. To further improve treatment outcomes in MM, a second generation of proteasome inhibitors, including carfilzomib (PR-171), salinosporamide (NPI-0052), MLN9708, CEP18770, and ONX 0912 have entered clinical trials with the intent of reducing side effects and overcoming resistance. 

Studies with carfilzomib (Cfz), a selective and irreversible PI, exhibiting activity via the epoxyketone moiety, are the most advanced among the new PIs currently under development. Initial phase I evaluation established a dosing regimen of Cfz at 20 mg/m2 for 2 consecutive days weekly for 3 weeks in 4 week cycles. Based on favorable tolerability and activity at this dose, the phase II 003 trial in relapsed and refractory MM was expanded to a 003-A1 pivotal trial1 with dose-escalation of Cfz from 20 mg/m2 in the first cycle to 27 mg/m2 in the second and subsequent cycles. The study enrolled 266 patients with advanced, progressive MM, which was refractory to last therapy. Patients had at least 2 prior lines of treatment, which must have included Btz and either thalidomide or lenalidomide (Len). Median time since diagnosis was 5.4 years, and all but 1 patient received prior Btz. Nearly half (44%) of all patients were refractory to Btz as part of the last line of therapy, and overall 88% were either refractory or intolerant to Btz. In this heavily pre-treated patient population, Cfz showed promising activity with 24% of patients achieving PR or better, 34% MR or better, and 69% at least SD. Response rates in patients refractory to Btz in the last prior therapy versus any prior therapy were comparable (≥MR 31% vs 28%, respectively). The DOR was 8.3 months for all patients which was identical for patients with ≥PR or ≥MR, and comparable for patients with disease refractory to Btz as part of last therapy (8.4 months). PFS for all patients was 3.7 months, but was more favorable for patients with MR (8.1 months), PR (8.8 months), and VGPR (11.6 months). Median OS was also encouraging at 15.5 months. Overall, Cfz was well-tolerated. Of importance, Grade 3/4 neutropenia was observed in only 10% of patients and the incidence of PN was low (overall 12%, ≥ Grade 3 1 %). Fatigue and thrombocytopenia were seen, as was transient elevation in creatinine, which proved manageable with the introduction of low dose dexamethasone as premedication and hydration as part of supportive care. 

The results from phase II 004 trial, which enrolled less heavily pre-treated patients with relapsed and refractory MM after 1–3 prior lines of therapy, provide additional evidence of activity.2 Of particular interest, a cohort of 66 Btz-naïve patients achieved an overall response rate (≥PR) of 54%, including 29% of patients with responses ≥VGPR. The median DOR for this cohort had not been reached at the time of preparation of this abstract. Interestingly, there was a trend towards increased depth and duration of responses with the higher doses of Cfz. As in the 003 study, Cfz was generally well-tolerated and PN was limited. Importantly, Cfz, like Btz, appears to overcome the adverse prognosis of unfavorable cytogenetics, defined as the presence of del13, del17p13, t(4;14) or t(14;16).2,3
Carfilzomib combinations are now in the early phase of clinical development. At the time of this review, initial results are available for the CRd combination (Cfz + Len + Dex). In the phase I portion of the CRd study in patients with relapsed and refractory MM following 1–3 prior lines of prior therapy, the overall response rate (>PR) was 78% including a VGPR rate of 40%.4 The regimen was well tolerated, with no DLTs seen up to the maximum planned dose levels of Cfz 20/27 mg/m2, Len 25 mg per dose, and Dex 40 mg, allowing prolonged administration for up to 2 years. A more recent phase 1/2 study of CRd in the treatment of frontline MM enrolled 31 patients, including both transplant and non-transplant candidates, requiring initial treatment.5 Transplant candidates underwent stem cell collection after 4 cycles of CRd but stem cell transplant could be deferred with treatment continuing for a total of 8 cycles followed by CRd as maintenance therapy. Toxicities to date have been manageable, with the MTD not yet reached and patients now at the highest planned dose level of Cfz 36 mg/m2, Len 25 mg, and Dex 40 mg. After a median of 6 cycles (range 1–13), the best response rates include >PR 96%, >VGPR 70%, CR/nCR 55%. Responses occurred rapidly, with all but 1 patient achieving PR after 2 cycles. Depth of response also appears rapid and further improves with the increasing duration of treatment. CRd maintenance also appears feasible, without emergence of significant PN or myelosuppression reported. Encouragingly, all patients are alive and none have shown evidence of disease progression. Although still early, these results compare favorably to the most effective regimens for newly diagnosed MM, such as RVD. The results of both CRd studies provide additional support to the recently initiated phase III ASPIRE trial of CRd vs Rd in relapsed MM.

Clinical studies with other proteasome inhibitors are in early phase. NPI-0052 is a non-peptide-based natural product targeting all 3 active sites of the proteasome. Initial evaluations adopted a convenient weekly dosing schedule (D1, 8 and 15 every 4 weeks). Preliminary results from an ongoing phase I study using this schedule in relapsed and refractory MM, including a significant proportion of Btz-refractory patients, show paraprotein response and prolonged SD, even at low doses.6 Also, inhibition of proteasome activity equals or exceeds that obtained with efficacious doses of Btz, without producing significant AEs including PN, although renal toxicity is a potential concern. Enrollment for a twice weekly dosing schedule is currently underway, with paraprotein responses described. 
Similarly, studies with MLN9708, an orally bioavailable, reversible boronic acid-based PI and CEP-18770, another boronic acid-based inhibitor, are actively enrolling, with encouraging initial results reported. In single-agent studies of MLN9708 in patients with relapsed and refractory MM, paraprotein responses have been seen and toxicities have proven manageable, with no significant PN reported to date. Combination studies with Len and Dex in the upfront setting are now underway. 
With the same goal of oral therapy, ONX 0912 is a potent, irreversible, orally bioavailable, peptide epoxyketone PI and a structural analog of Cfz. It is currently undergoing clinical evaluation in a phase I trial in patients with advanced solid tumors with plans for studies in MM.

In summary, the results from these early studies with novel, second generation PIs, are encouraging and build on the success seen with Btz. It appears that particular PIs may have unique features, distinguishing them from other agents in this same broad class, including overcoming resistance to Btz and having different toxicity profiles. Second generation PIs therefore have the promise of providing important additional therapeutic options for the treatment of MM.
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