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ABSTRACT 

In this phase 2 study, the first prospective evaluation of bortezomib-dexamethasone 

as second-line therapy for relapsed/refractory multiple myeloma, 163 patients were 

enrolled to receive four cycles of bortezomib-dexamethasone. Patients were 

investigator-assessed for response at cycle 5 day 1, then treated as follows: 

responding patients received another four cycles of bortezomib-dexamethasone, 

while patients with stable disease were subsequently randomized to sequential 

treatment with a further four cycles of bortezomib-dexamethasone alone or with 

added cyclophosphamide or lenalidomide. The primary endpoint was response to 

sequential therapy; however this could not be evaluated as investigator-assessed 

response rates to bortezomib-dexamethasone after four cycles were high, and an 

insufficient number of patients were randomized to sequential treatment per protocol. 

Among all 163 patients, validated best confirmed response rate was 66%, including 

37% complete/very good partial responses; median response duration was 9.7 

months. After median follow-up of 16.9 months, median time to progression and 

progression-free survival were 9.5 and 8.6 months, respectively; estimated 1-year 

overall survival was 81%. Median glomerular filtration rate improved from baseline 

during treatment. Among 58 patients with baseline glomerular filtration rate <50 

mL/min, 24 had renal responses. Grade 3/4 adverse events included 

thrombocytopenia (17%), anemia (10%), constipation (6%), peripheral sensory 

neuropathy (5%), and polyneuropathy (5%). Overall, 57% of neuropathy events 

improved/resolved; median time to improvement was 2.1 months. These findings 

suggest bortezomib-dexamethasone represents an active, feasible second-line 

treatment option for patients with relapsed/refractory myeloma. This trial is registered 

with ClinicalTrials.gov (NCT00908232), and EudraCT (2007-001462-33). 

 

Key words: Bortezomib, dexamethasone, glomerular filtration rate, multiple 

myeloma, renal function.
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INTRODUCTION 

Bortezomib (VELCADE®) plus dexamethasone has been shown to be effective and 

well-tolerated in patients with multiple myeloma (MM). The regimen is active as 

induction therapy prior to autologous stem cell transplantation in the front-line 

setting.1-4 Bortezomib alone or in combination with dexamethasone has also 

demonstrated activity in multiple studies in the relapsed setting.5-13 However, no 

studies have prospectively assessed bortezomib-dexamethasone (from cycle 1) as 

second-line therapy in MM, although one phase 2 study has investigated the addition 

of dexamethasone for sub-optimal response to single-agent bortezomib in patients at 

first relapse or refractory to front-line therapy, demonstrating improved responses 

with the addition of dexamethasone.6,7 

 

In patients who do not respond to bortezomib-dexamethasone, the addition of 

cyclophosphamide or lenalidomide (Revlimid®) may lead to improved efficacy. In 

front-line MM, bortezomib-dexamethasone plus cyclophosphamide (VDC),14-18 or plus 

lenalidomide (VDR),19,20 or plus cyclophosphamide and lenalidomide (VDCR)19,21 

have demonstrated high response rates. These combinations have also been shown 

to be active in the relapsed setting.22,23 However, they may also be associated with 

increased toxicities compared with bortezomib-dexamethasone alone.  

 

Thus, this study set out to evaluate the efficacy and safety of bortezomib-

dexamethasone, with the sequential addition of cyclophosphamide (VDC) or 

lenalidomide (VDR) for patients with stable disease (SD) after four cycles, in patients 

with relapsed or refractory MM following one prior line of therapy. The primary 

objective was to evaluate the response rate after randomization to sequential 

treatment with continued bortezomib-dexamethasone, VDC, or VDR among patients 

achieving SD after four cycles of bortezomib-dexamethasone. However, insufficient 

patients were able to be enrolled to this randomization part of the study with 
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sequential therapy, due to the substantial efficacy of the bortezomib-dexamethasone 

doublet. Consequently, the focus of this manuscript is to report the results of the first 

prospective study of bortezomib-dexamethasone as second-line therapy for MM 

alone or with added cyclophosphamide or lenalidomide after four cycles. 

 

Secondary study objectives consisted of other efficacy parameters, including time to 

response, duration of response, time to progression, progression-free survival, 1-year 

survival rate, and overall survival, as well as assessment of the safety profile. 

 

Additionally, change in renal function during therapy was evaluated as a secondary 

endpoint. Bortezomib-dexamethasone has recently been suggested as an 

appropriate regimen for patients with renal impairment, one of the major 

complications of MM,24 and this study represents one of very few prospective 

evaluations of bortezomib-based therapy in this setting. 

 

 

METHODS 

This randomized, open-label, parallel-group, phase 2 study was conducted at 49 

sites in 10 European countries (France, Germany, Greece, Hungary, Lithuania, 

Poland, Serbia, Spain, Turkey, United Kingdom) from 12 May 2008–2 Aug 2011 

(enrollment from 5 May 2008 to 31 December 2009), and is registered with 

ClinicalTrials.gov (NCT00908232) and EudraCT (2007-001462-33). Patients aged 18 

years or older with measurable secretory MM who had relapsed/progressed 

following, or who were refractory to, one previous line of therapy were eligible. There 

were no eligibility restrictions based on renal function. Eligibility criteria are described 

in the online supplement. All patients were initially to receive four 21-day cycles of 

bortezomib-dexamethasone: bortezomib 1.3 mg/m2 intravenous bolus on days 1, 4, 

8, and 11, and oral dexamethasone 20 mg on days 1, 2, 4, 5, 8, 9, 11, and 12. 
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Subsequent treatment was dependent on patients’ investigator-assessed response at 

cycle 5, day 1. Patients achieving at least partial response (PR) received a further 

four cycles of bortezomib-dexamethasone. Patients with SD were randomized 

(1:1:1), for cycles 5–8, to: a further four cycles of bortezomib-dexamethasone, four 

cycles of bortezomib-dexamethasone plus oral cyclophosphamide 500 mg on days 1, 

8, and 15 (VDC), or four cycles of bortezomib-dexamethasone plus oral lenalidomide 

10 mg on days 1–14 (VDR). Patients with progressive disease during/after the initial 

four cycles of bortezomib-dexamethasone discontinued study treatment. 

 

All patients provided written informed consent. Review boards at all participating 

institutions approved the study, which was conducted according to the provisions of 

the Declaration of Helsinki, the International Conference on Harmonisation, and the 

Guidelines for Good Clinical Practice. 

 

Response was assessed using the International Myeloma Working Group uniform 

response criteria25 and validated by an Independent Data Monitoring Committee. 

Time-to-event distributions were estimated using the Kaplan-Meier method. Adverse 

events (AEs) were graded using the National Cancer Institute Common Terminology 

Criteria for Adverse Events version 3.0. Bortezomib dose modifications for peripheral 

neuropathy (PN) AEs were recommended per established guidelines.26 

 

Renal function was defined by calculated glomerular filtration rate (GFR) using the 

Cockcroft-Gault formula27 and was divided into the following stages by GFR based 

on the US National Kidney Foundation’s Kidney Disease Outcomes Quality 

Initiative:28 Stage I/II, ≥60 mL/min; Stage III, 30–<60 mL/min; Stage IV, 15–<30 

mL/min; Stage V, <15 mL/min. GFR was assessed at baseline or screening, prior to 

treatment on day 1 of each cycle, and at the end-of-treatment visit. Patients were 
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assessed for renal function stage migration between baseline and best on-study 

GFR. Additionally, patients were evaluated for renal response, based upon baseline 

and best on-study GFR, according to previously reported criteria.29 A renal complete 

response (CRrenal) was defined as a GFR improvement from <15, 15–<30, or 30–<50 

mL/min at baseline to ≥60 mL/min; a renal partial response (PRrenal) as an 

improvement from <15 to 30–<60 mL/min, with a >100% GFR increase; and a renal 

minor response (MRrenal) as an improvement from <15 to 15–<30 mL/min or from 15–

<30 to 30–<60 mL/min, with a >50% GFR increase. 

 

 

RESULTS  

Patients 

Patient flow through the study protocol is summarized in Figure 1. A total of 190 

patients were screened, with 27 not receiving any treatment (23 did not fulfill the 

inclusion and exclusion criteria, 1 was lost to follow-up, 1 withdrew consent, and 2 

discontinued for other reasons), leaving 163 in the modified intention-to-treat (mITT) 

population. Patient demographics and baseline characteristics for the mITT 

population are summarized in Table 1. 

 

Of the 163 patients in the mITT population, 135 completed four cycles of bortezomib-

dexamethasone, and 120 had local-site response assessments at cycle 5, day 1 

(Figure 1). Of these 120 patients, 19 were investigator-assessed as having SD 

following four cycles of bortezomib-dexamethasone, and were subsequently 

randomized to sequential treatment with bortezomib-dexamethasone (n=7), or add-

on therapy with VDC (n=8) or VDR (n=4). Of the remaining patients who had cycle 5, 

day 1 response assessments and were not randomized, 98 patients continued to 

receive a further four cycles of bortezomib-dexamethasone. Due to the efficacy of the 

bortezomib-dexamethasone combination in the first four cycles per investigator 
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assessment, an insufficient number of patients were able to be randomized to 

sequential therapy for evaluation of the primary endpoint (evaluation of response rate 

following randomization to continued bortezomib-dexamethasone, VDC, or VDR, in 

patients achieving SD after four cycles). Thus, efficacy and safety data are reported 

for evaluable patients in the mITT population as a whole for treatment with 

bortezomib-dexamethasone ± cyclophosphamide or lenalidomide. 

 

A total of 77 patients (47%) completed all 8 cycles of treatment, and the median 

number of cycles was 7 (range 1–8). The reasons for patients discontinuing 

treatment after <4 cycles and after cycles 4–<8 are summarized in Figure 1. 

 

Response to treatment 

The overall best confirmed response to treatment for the 163 patients in the mITT 

population is shown in Table 2. The best overall response rate (ORR) was 66%, 

including 37% CR/VGPR (8% CR, 29% VGPR). Time to first response and time to 

best confirmed response were analyzed using Kaplan-Meier methodology (Figure 2). 

The median time to first response was 1.6 months (95% confidence interval [CI]: 1.4, 

2.1), and the median time to best confirmed response was 2.8 months (95% CI: 2.5, 

3.5). Using Kaplan-Meier methodology, the median duration of response was 9.7 

months (95% CI: 8.1, 13.7). 

 

Outcomes 

Outcomes were analyzed in the mITT population (n=163). The median time to 

progression was 9.5 months (95% CI: 7.7, 13.4) (Figure 3A). The Kaplan-Meier 

estimate of progression-free survival distribution is shown for the mITT population 

(and separately for the patients requiring randomization to bortezomib-

dexamethasone/VDC/VDR [N=19] and those who were not randomized [N=144]) in 

Figure 3B; the median progression-free survival was 8.6 months (95% CI: 7.2, 11.9). 
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After a median follow-up of 16.9 months (range 0–34.2), 55 patients (34%) had died, 

and the median overall survival had not been reached (95% CI: 32.3 months, not 

evaluable). The estimated 1-year overall survival rate was 81% (95% CI: 75, 87). 

 

Renal function improvement 

Baseline GFR was determined in all 163 patients as <15 mL/min (Stage V) in 5 (3%) 

patients, 15–<30 mL/min (Stage IV) in 16 (10%) patients, 30–<60 mL/min (Stage III) 

in 58 (36%) patients, and ≥60 mL/min (Stage I/II) in 83 (51%) patients. The median 

GFR among all patients with GFR assessments at each time point was examined, 

together with the median change in GFR from baseline/screening. Median GFR was 

62.8 mL/min at baseline, and was 65.5, 68.2, 70.2, 74.4, 77.4, 77.6, and 80.2 mL/min 

after cycles 1, 2, 3, 4, 5, 6, and 7, respectively; the respective median GFR increases 

from baseline at these time points were 4.5, 5.9, 8.8, 8.8, 6.4, 9.5, and 9.6 mL/min. 

 

Patients with baseline GFR <50 mL/min (n=58) were evaluated for their best GFR 

on-study to determine how many had stage migrations in renal function. Table 3 

summarizes the changes from baseline in renal function group in these patients 

according to whether they did or did not also meet the criteria for achieving a renal 

response.29 A total of 24 patients with stage migration from baseline GFR to best on-

study GFR also achieved a renal response, of CRrenal in 13 and MRrenal in 11 patients. 

Table 4 summarizes these renal responses and the associated MM responses 

achieved by these patients.  

 

Safety 

Among the mITT population (n=163), the median cumulative doses of bortezomib 

and dexamethasone during cycles 1–8 were 27.3 mg/m2 and 900 mg, respectively, 

overall; the respective median cumulative doses during cycles 1–4 were 18.4 mg/m2, 

and 600 mg and during cycles 5–8 were 14.6 mg/m2 and 560 mg. The overall safety 
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profile of bortezomib-dexamethasone (± cyclophosphamide or lenalidomide) is 

summarized in Table 5. The most common AEs (any grade, ≥20%) were 

thrombocytopenia (37%), diarrhea (31%), constipation (31%), peripheral edema 

(26%), fatigue (23%), anemia (22%), peripheral sensory neuropathy (20%), and 

asthenia (20%). The most common grade 3/4 AEs are summarized in Table 5. 

 

Peripheral neuropathy 

The rates of PN AEs from within the Medical Dictionary for Regulatory Affairs 

(MedDRA) system organ class of ‘Nervous system disorders’ were specifically 

assessed. PN AEs occurring in more than 10% of patients were peripheral sensory 

neuropathy (20%), polyneuropathy (18%), neuralgia (16%), paresthesia (14%), and 

neuropathy peripheral (13%). Additionally, hypoesthesia occurred in 9%, and burning 

sensation, hyperesthesia, peripheral motor neuropathy, and peripheral sensorimotor 

neuropathy occurred in 1% of patients. Some patients experienced multiple PN AEs. 

Grade 3/4 PN AEs occurring in more than 3% of patients are shown in Table 5. In 

addition, grade 3/4 neuralgia was reported in 3% and grade 3/4 paresthesia and 

peripheral motor neuropathy occurred in 1% of patients.  

 

Within these MedDRA preferred terms, 278 individual treatment-emergent PN events 

in 104 patients were recorded, which, due to multiple events being recorded 

simultaneously in a number of patients, represented 185 discrete events; among 

these events, 32 grade 3/4 PN AEs were recorded in 28 patients. Of the 185 PN 

events within the MedDRA preferred terms, 105 (57%) were reversible, with 

resolution in 82 (44%). The median time to any improvement was 2.1 months (95% 

CI: 1.2, 5.8), and median time to resolution was 7.9 months (95% CI: 5.8, 13.2). 

Among the 104 patients with treatment-emergent PN events, 23 (22.1%) had 

peripheral sensory neuropathy at baseline. A total of 29 PN AEs leading to 

bortezomib discontinuation were recorded in 25 patients, including polyneuropathy 
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(n=7), neuropathy peripheral (n=6), neuralgia, peripheral sensory neuropathy (each 

n=5), and paresthesia (n=2). Bortezomib dose adjustments were required due to 

peripheral sensory neuropathy in 22 patients (13%), and neuralgia, neuropathy 

peripheral, and polyneuropathy in 10 patients (6%) each. 

 

 

DISCUSSION  

The findings reported here, from the first prospective study of bortezomib-

dexamethasone as second-line therapy in MM, demonstrate that the combination 

(with added cyclophosphamide or lenalidomide after four cycles in 12 of 163 patients) 

is an active and well tolerated regimen in this setting, resulting in an Independent 

Data Monitoring Committee-validated response rate of 66%, including 37% 

CR/VGPR. The activity is further highlighted by the fact that only 19 patients were 

investigator-assessed as having SD at cycle 5, day 1 and thus, per protocol, as 

requiring randomization to sequential therapy with continued bortezomib-

dexamethasone, VDC, or VDR. Consequently, due to the high response rate at the 

cycle 5, day 1 investigator assessment of response, the randomized sequential 

therapy phase of the study was not completed. The high response rates reported 

translated into noteworthy progression-free survival with bortezomib-dexamethasone 

(± cyclophosphamide/lenalidomide) in this setting, with a median progression-free 

survival of 8.6 months. It is also important to highlight that, although bortezomib-

dexamethasone has been recommended as an appropriate treatment option for MM 

patients with renal impairment,24 this study represents one of the very few 

prospective evaluations of the impact of bortezomib-based therapy on renal function; 

of particular note, there was no exclusion of patients based upon their renal function 

status. 
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It is instructive to assess the efficacy data from our study of bortezomib-

dexamethasone as initial therapy in second-line MM with those reported from other 

studies of bortezomib alone or with added dexamethasone in relapsed MM, albeit 

acknowledging that comparisons of data between studies should be undertaken with 

caution due to confounding factors such as differences in patient characteristics and 

the response criteria used. In the phase 3 APEX study of single-agent bortezomib 

versus dexamethasone,30,31 in which patients could have received 1–3 prior lines of 

therapy, the ORR with bortezomib was 43%, including 15% CR/near-CR. The 

findings from our study, of an ORR of 66% and a CR/VGPR rate of 37%, suggest 

that addition of dexamethasone to therapy may have enhanced the response rate to 

bortezomib, although it should be acknowledged that only 40% of patients received 

bortezomib as second-line therapy in APEX.30,31 Similarly, our findings using 

dexamethasone from the start of therapy appear comparable or improved in the 

context of data from studies in which dexamethasone could be added following sub-

optimal response to bortezomib alone. Results from the phase 2 CREST study,6,7 a 

phase 3b open-access study,9 and the phase 3 MMY-3021 study of intravenous 

versus subcutaneous bortezomib,32 in which 33–56% of patients received added 

dexamethasone, showed ORRs of 50–52%, including 4–22% CR/near-CR and 25–

33% CR/VGPR. Our data also appear similar to those reported in a single-center 

retrospective study of bortezomib alone or plus dexamethasone in 70 patients with 

relapsed/refractory MM, in which the ORR was 59%, including 7% CR, and 36% 

VGPR,11 and in a Japanese study of bortezomib-dexamethasone in 88 relapsed or 

refractory MM patients, in which the ORR was 67%,12 while in an observational study 

in China of different doses and schedules of bortezomib-dexamethasone in 168 

patients with relapsed/refractory MM, ORRs of 72–79%, including 20–33% CR, were 

reported.13 
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As with these response rate data, the outcomes data from our study, which included 

median time to progression and progression-free survival of 9.5 and 8.6 months, 

respectively, also support the benefit of adding dexamethasone to bortezomib 

therapy. For example, the median time to progression with single-agent bortezomib 

in APEX was 6.2 months,30,31 whereas in the phase 3 MMY-3021 study, in which 56% 

of patients received added dexamethasone, median time to progression and 

progression-free survival were 9.6 and 8.4 months with intravenous bortezomib and 

9.7 and 9.3 months, respectively, in the subcutaneous arm.33 

 

As highlighted, in our study the high response rate to bortezomib-dexamethasone 

among patients assessed by investigators on cycle 5, day 1 resulted in a limited need 

for the addition of a third drug to the regimen (N=19). In addition, the data for 

individual regimens in randomized patients were not evaluated due to the very small 

numbers of patients randomized to each group (continued bortezomib-

dexamethasone n=7, VDC n=8, VDR n=4). Thus it could not be addressed whether 

sequential VDC or VDR, in patients achieving SD following four cycles of bortezomib-

dexamethasone, provides benefit compared with continued bortezomib-

dexamethasone. It should be noted that time to progression and progression-free 

survival appeared poorer in the 19 patients randomized to sequential therapy with 

continued bortezomib-dexamethasone, VDC, or VDR than in those patients who 

were not randomized; this is likely due to the selection for randomization of patients 

achieving only stable disease after 4 cycles of bortezomib-dexamethasone, i.e. 

patients with disease that was possibly less sensitive to bortezomib-based therapy 

than the majority of those in the non-randomized population. Thus, no conclusions 

can be drawn from these data regarding the comparative efficacy of triplet or doublet 

therapy. 
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It is also important to note that, just as the use of dexamethasone from the start of 

bortezomib therapy may increase the response rate to treatment, the use of 

cyclophosphamide or lenalidomide from the start of bortezomib-dexamethasone 

treatment may further enhance responses, as suggested by data from prospective 

studies of VDR22 and VDC,23 albeit with potentially greater toxicity than the doublet 

alone. Notably, the activity of lenalidomide and dexamethasone in combination in 

patients with relapsed MM has been demonstrated in two phase 3 trials, with pooled 

results showing an ORR of 61%, including 32% CR/VGPR, median progression-free 

survival of 11.1 months, and median overall survival of 38.0 months;34 in a subgroup 

analysis of patients receiving lenalidomide-dexamethasone as second-line therapy, 

the ORR was 67%, including 40% CR/VGPR, median TTP and PFS were 17.1 and 

14.1 months, respectively, and median OS was 42.0 months.35 In addition, it is 

important to note that although response rates were substantial after four cycles of 

bortezomib-dexamethasone, the additional four cycles of bortezomib-dexamethasone 

were important in achieving the response rates after 8 cycles, versus adding a third 

agent.  

 

The findings from our study indicate that the combination of bortezomib-

dexamethasone (± cyclophosphamide, or lenalidomide, after four cycles) as second-

line therapy appears generally well tolerated, with a manageable safety profile that 

reflects the previously established safety profile of bortezomib from phase 2 and 3 

studies in relapsed MM.6,10,30 The good tolerability of the combination was evidenced 

by the relatively high median cumulative dose of bortezomib administered during the 

first four cycles of treatment (18.4 mg/m2, out of a planned total dose of 20.8 mg/m2), 

indicating a limited requirement for dose reductions. 

 

Of particular note, our findings showed that PN was manageable, with high rates of 

reversibility – 57% of all PN events had improved or resolved by data cut-off, 
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including 44% that had resolved completely. These findings support data from phase 

2 studies, APEX, and MMY-3021, in which PN improved or resolved in 62–71% of 

cases.32,36,37 Additionally, the rates of specific PN AEs by MedDRA preferred terms 

appeared limited, with, for example, only 20% of patients reporting peripheral 

sensory neuropathy, including 5% at grade 3/4 severity. These rates appear similar 

or lower in the context of previous studies of bortezomib alone or with added 

dexamethasone, although comparisons between studies are confounded by the 

different MedDRA preferred terms included within the overall reported rate of PN, as 

well as by differences in patients’ baseline characteristics. Nevertheless, in APEX, 

the overall rate of PN (which included peripheral sensory neuropathy, peripheral 

motor neuropathy, and associated PN preferred terms, but which was primarily 

sensory neuropathy) was 37%, including 9% grade 3/4,37 while in the phase 3b open-

access study of bortezomib alone or with added dexamethasone, the rate of PN was 

25%, with 6% grade 3/4.9 In the intravenous bortezomib arm of MMY-3021, the rate 

of peripheral sensory neuropathy was 49%, including 15% grade ≥3;32 the reasons 

for the difference between these findings and our study are not clear, although the 

rate of previous exposure to neurotoxic agents in MMY-3021 (85%) and the rate of 

baseline grade 1 PN (28%) appear higher than in our study. It has been suggested 

that partnered dexamethasone dosing on the day of and day after bortezomib dosing, 

as used in our study, may reduce the inflammatory component of bortezomib-

associated PN and thus reduce the severity;20,26,38 this may therefore have been a 

contributing factor to the limited rates of grade 3/4 specific PN AEs observed in our 

study. Of note in the context of limiting the rates of bortezomib-associated PN, the 

use of subcutaneous administration of bortezomib has been approved by the United 

States Food and Drug Administration and the European Medicines Agency based on 

the findings of the phase 3 MMY-3021 trial, in which rates of all-grade, grade ≥2, and 

grade ≥3 PN were significantly lower with subcutaneous versus intravenous 

bortezomib.32 Therefore, it might be expected that the PN rates seen in our study 
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could be substantially reduced with the use of subcutaneous administration of 

bortezomib. 

 

As noted earlier, another important aspect of our study was the prospective 

evaluation of changes in renal function during bortezomib-dexamethasone treatment. 

Such prospective evaluation is in contrast to previous reports on the impact of 

bortezomib-based therapy in patients with renal impairment, which were primarily 

retrospective in nature.24,39-45 A further contrast was that the eligibility criteria for our 

study allowed patients with severe renal impairment to be included, which was not 

the case for many previous studies of MM patients with renal impairment. Our 

findings suggested that treatment with bortezomib-dexamethasone appeared feasible 

in patients with any-stage renal disease, supporting recent suggestions of this 

combination as an appropriate treatment option for patients with renal 

impairment.24,46 Notably, treatment resulted in some renal function improvement, with 

the median GFR improving versus baseline during the course of therapy, and a 

number of patients with baseline GFR <50 mL/min demonstrating renal function 

stage migrations. Renal responses were seen in 24 of 58 patients with baseline GFR 

<50 mL/min, including 13 CRrenal. Interestingly, five of these renal responses were 

seen in patients who achieved SD or progressive disease as their best MM response 

to therapy; this dissociation between MM response and renal response in some 

patients suggests that bortezomib-dexamethasone may have a renal-specific effect. 

These findings regarding reversibility of renal impairment with bortezomib-based 

therapy in patients with relapsed MM are supported by the results of previous 

retrospective analyses, as reviewed recently.24 

 

In conclusion, the results presented here suggest that bortezomib-dexamethasone 

represents a feasible, active second-line treatment option for patients with relapsed 

MM, with investigator-assessed responses after four cycles suggesting a limited 
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need for the addition of a third drug per study protocol. This combination should be 

considered as one of the standard options for the second-line treatment of MM and 

may represent a useful backbone for more extensive combinations; randomized 

studies in this setting would be required to determine the relative benefit of adding 

another agent, such as cyclophosphamide or lenalidomide, from the start of therapy. 
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TABLES 

Table 1. Demographics and baseline characteristics (mITT population) 

Characteristic N=163 

Median age, years (range) 63 (34–86) 

   Age ≥75 years, n (%) 31 (19) 

Male, n (%) 86 (53) 

KPS ≤70%, n (%) 33 (20) 

Median time from diagnosis, months (range) 30.9 (1.5–134) 

Median time from prior therapy, months (range) 13.9 (0–119) 

Prior therapy, n (%)  

   Dexamethasone 116 (71) 

   Melphalan 94 (58) 

   Vincristine 79 (49) 

   Doxorubicin 72 (44) 

   Prednisone/prednisolone 58 (36) 

   Cyclophosphamide 57 (35) 

   Immunomodulatory drug 51 (31) 

      Thalidomide / lenalidomide 46 (28) / 5 (3) 

   Bortezomib* 1 (<1) 

   HDT/SCT 66 (41) 

   Maintenance after front-line therapy, n (%) 41 (25) 

      Thalidomide / lenalidomide 18 (11) / 1 (<1) 

Response to front-line therapy, n (%)  

   CR/nCR 26 (16) 

   VGPR 31 (19) 

   PR 66 (41) 

   MR 5 (3) 



 26  

   SD 11 (7) 

   PD 19 (12) 

   Missing/unknown/not applicable, n (%) 5 (3) 

Any neurologic history at baseline, n (%) 36 (22) 

   Peripheral sensory neuropathy 32 (20) 

   Peripheral motor neuropathy 9 (6) 

*Patients with prior bortezomib could be included in the study following the second 

protocol amendment in April 2009. 

CR, complete response; HDT/SCT, high-dose chemotherapy and stem cell 

transplant; KPS, Karnofsky Performance Status; MR, minor response; nCR, near 

complete response; PD, progressive disease; PR, partial response; SD, stable 

disease; VGPR, very good partial response 
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Table 2. Overall best confirmed response to treatment (Independent Data Monitoring 

Committee-validated) with bortezomib-dexamethasone (±cyclophosphamide or 

lenalidomide) 

mITT population N=163 

Patients with Independent Data 

Monitoring Committee-validated best 

confirmed response 

n=142 

Response, n (%)  

ORR (CR + VGPR + PR) 107 (66) 

   CR + VGPR 61 (37) 

      CR 13 (8) 

      VGPR 48 (29) 

   PR 46 (28) 

SD 29 (18) 

PD 6 (4) 

Response not evaluable in 21 patients) 

 



 28  

Table 3. Changes in renal function group from baseline in patients with baseline GFR <50 mL/min according to whether they achieved a renal 1 

response or not 2 

Baseline GFR (mL/min) / renal function 

stage 

Best on-study GFR (mL/min) / renal function stage 

Total 

N=58* 

<15 (stage 

V), n=2 

15–<30 (stage 

IV), n=9 

30–<50 (stage 

III), n=19 

50–<60 (stage 

III), n=12 

≥60 (stage 

I/II), n=13 

Patients with a renal response, n / n (%) – 3 8 – 13 24 (41) 

Baseline GFR and stage       

   <15 (stage V) – 3 (33) – – – 3 (5) 

   15–<30 (stage IV) – – 8 (42) – 1 (8) 9 (16) 

   30–<50 (stage III) – – – – 12 (92) 12 (21) 

Patients without a renal response, n / n (%) 2 6 11 12 – 31 (53) 

Baseline GFR and stage       

   <15 (stage V) 2 (100) – – – – 2 (3) 

   15–<30 (stage IV) – 5 (56) 1 (5) – – 6 (10) 

   30–<50 (stage III) – 1 (11) 10 (53) 12 (100) – 23 (40) 

*Best on-study GFR was missing for 3 patients, due to no post-baseline GFR values being recorded 
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Table 4. Patients with baseline GFR <50 mL/min who had a renal response29 and 

stage migration from baseline GFR to best GFR on study 

Renal 

response Change in GFR (mL/min) N=24 MM response 

CR 15–<30 to ≥60 1 1 PD 

 30–<50 to ≥60 12 1 CR, 3 VGPR, 4 PR, 2 SD, 2 

missing 

MR <15 to 15–<30 3 1 VGPR, 1 PR, 1 SD 

 15–<30 to 30–<60 8 2 VGPR, 2 PR, 1 SD, 3 missing 
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Table 5. Safety profile of bortezomib-dexamethasone (±cyclophosphamide or 

lenalidomide after four cycles) 

Patients with AEs, n (%) N=163 

At least one AE 157 (96) 

   At least one treatment-related AE 155 (95) 

At least one serious AE 61(37) 

   Pneumonia 9 (6) 

   Thrombocytopenia 6 (4) 

At least one grade 3/4 AE 104 (64) 

Most common grade 3/4 AEs (>3%):  

   Thrombocytopenia 28 (17) 

   Anemia 16 (10) 

   Constipation 9 (6) 

   Peripheral sensory neuropathy 8 (5) 

   Polyneuropathy 8 (5) 

   Diarrhea 7 (4) 

   Pneumonia 7 (4) 

   Neutropenia 6 (4) 

   Neuropathy peripheral 6 (4) 

AEs resulting in treatment discontinuation 51 (31) 

AEs resulting in dose adjustments of bortezomib or dexamethasone 75 (46) 

On-study deaths due to AEs* 11 (7) 

*Deaths that occurred due to AEs within 30 days after last dose of study drug: 

Cardio-respiratory arrest, small intestinal obstruction, septic shock, viral infection, 

acute respiratory failure, pulmonary edema, aortic aneurysm, , sepsis, oliguria (1 

each), myocardial infarction (n=2). Of these, 3 were possibly related to bortezomib 

treatment: myocardial infarction, sepsis, and oliguria. An additional 4 deaths due to 
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AEs occurred more than 30 days after the last dose, due to unrelated pneumonia, 

pulmonary edema, and cardiac failure, and treatment-related cardiac failure.  
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FIGURE LEGENDS 

Figure 1. CONSORT diagram of study design and patient flow through protocol 

Figure 2. Kaplan Meier analyses of (A) time to first response (n=107) and (B) time to 

best confirmed response (n=107) in the mITT population (N=163) 

Figure 3. Kaplan Meier analysis of (A) time to progression (n=88) (B) progression-

free survival (n=101) and (C) overall survival (n=55). Curves show data in all 163 

patients in the mITT population, in patients who discontinued prior to completing, or 

did not require randomization after, four cycles and received bortezomib-

dexamethasone throughout their treatment (VD, n=144), and in patients who 

achieved SD after four cycles and were randomized to sequential therapy with 

bortezomib-dexamethasone (VD), VDC, or VDR (n=19). 









PATIENTS AND METHODS 

Patients 

Patients aged 18 years or older with measurable secretory MM (serum monoclonal protein 

≥1 g/dL or urine M-protein ≥200 mg/24 hours) who had relapsed/progressed following, or 

who were refractory to, one previous line of therapy were eligible. Patients were required to 

have a Karnofsky Performance Status of ≥60%, a life expectancy ≥6 months, and adequate 

hematologic and hepatic function, defined as: platelets ≥50 x 109/L, hemoglobin ≥7.5 g/dL, 

absolute neutrophil count ≥0.75 x 109/L, corrected serum calcium <14 mg/dL, 

aspartate/alanine aminotransferase ≤2.5 times upper limit of normal, and total bilirubin ≤1.5 

times upper limit of normal. There were no eligibility restrictions based on renal function. 

Patients were excluded if they had: received nitrosoureas or any other chemotherapy 

(including thalidomide), clarithromycin, or interferon within 6 weeks, or undergone major 

surgery within 4 weeks of the start of the study; grade ≥2 peripheral neuropathy or 

neuropathic pain as assessed by the National Cancer Institute Common Terminology 

Criteria for Adverse Events version 3.0; received corticosteroids (>10 mg/day prednisone or 

equivalent) within 3 weeks, immunotherapy/antibody therapy within 8 weeks, 

plasmapheresis within 2 weeks, or an experimental drug/device within 4 weeks before 

enrollment; myocardial infarction within 6 months of enrollment, New York Heart Association 

Class III or IV heart failure, uncontrolled angina, severe uncontrolled ventricular arrhythmias, 

or electrocardiographic evidence of acute ischemia or active conduction system 

abnormalities. 

 

All patients provided written informed consent. Review boards at all participating institutions 

approved the study, which was conducted according to the provisions of the Declaration of 

Helsinki, the International Conference on Harmonisation, and the Guidelines for Good 

Clinical Practice. 



 

Study design 

This was a randomized, open-label, parallel-group, phase 2 study conducted at 49 sites in 

10 European countries (France, Germany, Greece, Hungary, Lithuania, Poland, Serbia, 

Spain, Turkey, and the United Kingdom) from 12 May 2008–2 Aug 2011 (enrollment from 5 

May 2008 to 31 December 2009), and is registered with ClinicalTrials.gov (NCT00908232), 

and EudraCT (2007-001462-33). The study design is shown in Figure 1. All patients were 

initially to receive four 21-day cycles of bortezomib-dexamethasone, which comprised 

bortezomib 1.3 mg/m2 IV bolus on days 1, 4, 8, and 11, and dexamethasone 20 mg p.o. 

daily on the days of and after bortezomib dosing (days 1, 2, 4, 5, 8, 9, 11, and 12). 

 

Subsequent treatment was dependent on patients’ investigator-assessed response at the 

end of cycle 4 (cycle 5, day 1). Patients achieving at least partial response (PR) received a 

further four cycles of bortezomib-dexamethasone. Patients with SD were randomized (1:1:1), 

for cycles 5–8, to either: a further four cycles of bortezomib-dexamethasone, four cycles of 

bortezomib-dexamethasone as above plus cyclophosphamide 500 mg p.o. daily on days 1, 

8, and 15 (VDC), or four cycles of bortezomib-dexamethasone as above plus lenalidomide 

10 mg p.o. daily on days 1–14 (VDR). Randomization was based upon a computer-

generated randomization schedule prepared prior to the study by the sponsor, and was 

stratified by age (<65 vs. ≥65 years) and country. Patients with progressive disease (PD) 

during or after the initial four cycles of bortezomib-dexamethasone discontinued study 

treatment. 

 

All patients allocated to VDR who had any risk factor for venous thromboembolism were to 

receive concomitant prophylactic therapy of aspirin 81–100 mg p.o. daily or low-dose low 



molecular weight heparin (LMWH). Additionally, supportive therapies were permitted, 

including GCSF/GM-CSF, erythropoietins, and bisphosphonates, as required. Concomitant 

corticosteroids (other than dexamethasone as part of study treatment), anti-neoplastic 

agents with anti-MM activity, radiation therapy, and investigational agents for MM were not 

permitted. Subsequent anti-MM therapy following completion of study treatment was not 

permitted until PD was established. 

 

Assessments 

The primary objective was to assess the response rate to continued bortezomib-

dexamethasone, VDC, or VDR in patients who achieved SD after four cycles of bortezomib-

dexamethasone. The secondary objectives consisted of other efficacy parameters, including 

time to response, duration of response (DOR), time to progression (TTP), progression-free 

survival (PFS), 1-year survival rate and overall survival (OS); assessment of the safety 

profile; and evaluation of change in renal function after four initial cycles of bortezomib-

dexamethasone. Due to the majority of patients receiving bortezomib-dexamethasone for all 

eight planned treatment cycles, changes in renal function were assessed from baseline 

through cycle 8. Other assessments included safety and efficacy at the end of bortezomib-

dexamethasone treatment (8 cycles) and at the end of the 1-year follow-up period. 

 

Response was assessed using the International Myeloma Working Group (IMWG) uniform 

response criteria.22 Assessments were based on serum and urine M-protein levels, which 

were evaluated at baseline, prior to treatment on day 1 of each cycle, at the end-of-treatment 

visit, and monthly thereafter. Response assessment was validated by an Independent Data 

Monitoring Committee (IDMC). Patients were followed monthly until progression/relapse and 

then every other month for survival, until the last enrolled patient had been followed for 1 

year. Safety was monitored throughout the study and until 30 days after the last dose of 



study drug. Adverse events (AEs) were graded according to the National Cancer Institute 

Common Terminology Criteria for Adverse Events v3.0. Bortezomib dose modifications for 

peripheral neuropathy (PN) AEs were recommended per established guidelines.23 

 

Renal function was defined by calculated glomerular filtration rate (GFR) using the 

Cockcroft-Gault formula23 and was divided into the following stages by GFR based on the 

US National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative:24 Stage I/II, 

≥60 mL/min; Stage III, 30–<60 mL/min; Stage IV, 15–<30 mL/min; Stage V, <15 mL/min. 

GFR was assessed at baseline or screening, prior to treatment on day 1 of each cycle, and 

at the end-of-treatment visit. Patients were assessed for renal function stage migration 

between baseline and best on-study GFR. Additionally, patients were evaluated for renal 

response, based upon baseline and best on-study GFR, according to previously reported 

criteria.25 A renal complete response (CRrenal) was defined as a GFR improvement from <15, 

15–<30, or 30–<50 mL/min at baseline to ≥60 mL/min; a renal partial response (PRrenal) as 

an improvement from <15 to 30–<60 mL/min, with a >100% GFR increase; and a renal 

minor response (MRrenal) as an improvement from <15 to 15–<30 mL/min or from 15–<30 to 

30–<60 mL/min, with a >50% GFR increase. 

 

Statistical Methods 

A sample size of 190 patients was determined for the study, based on the assumption that 

approximately 60% of patients would have SD after four cycles of bortezomib-

dexamethasone and the intention to enroll approximately 38 patients per randomized 

treatment arm. The modified intention-to-treat (mITT) population comprised all patients who 

received at least one dose of study drug and who had at least one post-baseline efficacy 

assessment, and was used for analyses of safety and outcomes (TTP, PFS, OS). Time-to-

event distributions were estimated using the Kaplan-Meier method. Overall best confirmed 



response to treatment was assessed in all patients in the mITT population with IDMC-

validated best confirmed response data. However, as noted, investigator-assessed response 

was used when determining entry into the randomized sequential therapy portion of the 

study. Changes in renal function were evaluated in all patients in the mITT population who 

had baseline and on-study assessments of GFR. 

 


