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Abstract

Comprehensive recommendations for maintenance therapy post-autologous stem cell 

transplantation (ASCT) for patients with multiple myeloma (MM) have yet to be defined. 

Bortezomib has been utilized as maintenance therapy after ASCT, but data attesting to the 

safety and efficacy of this agent compared to lenalidomide in the post-ASCT setting are 

limited. Therefore we retrospectively analyzed the outcomes of 102 MM patients who received 

maintenance therapy with bortezomib post-ASCT at Duke University’s Adult Bone Marrow 

Transplant Clinic (ABMT) between 2005 and 2015. Maintenance with bortezomib was initiated 

between 60 and 90 days after ASCT as a single agent 1.3 mg/m2 once every 2 weeks (n= 92), or 

in combination with lenalidomide (10 mg/day) (n= 10). The median age at ASCT was 64 (range 

31 to 78). Of the 100 patients with molecular data available, 42% had high-risk cytogenetics 

[including d17p, t(4;14), +1q, and t(14;16) by FISH]. Overall, 46% of patients experienced side 

effects from maintenance therapy with 31% of all patients experiencing peripheral neuropathy. In 

total, 2% of patients required discontinuation of bortezomib maintenance due to adverse events. 

No secondary malignancies were reported from the therapy. The median progression-free survival 

(PFS) for patients receiving maintenance therapy with bortezomib post-ASCT was 36.5 months 

(95% confidence interval [CI], 21.3 to NA) and median overall survival was 72.7 months (95% CI, 

63.9 to NA). PFS of patients with high-risk cytogenetics was not statistically significantly different 

to those with standard-risk cytogenetics, suggesting that maintenance with bortezomib may help 

overcome the impact of high-risk cytogenetics on early progression. These results indicate that 

maintenance therapy with bortezomib represents a safe, well tolerated, and efficacious option for 
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patients with an inability to tolerate lenalidomide, high-risk cytogenetics, renal insufficiency, or a 

previous history of another cancer.
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Introduction

High-dose induction chemotherapy followed by autologous stem cell transplantation 

(ASCT) is currently the standard of care for eligible patients diagnosed with multiple 

myeloma (MM) [1,2,3]. While studies have illustrated a benefit in both progression-free 

survival (PFS) and overall survival (OS) conferred by the use of ASCT, almost all patients 

eventually relapse after transplant [4,5]. Due to this high rate of relapse as well as the 

observed correlation between the depth of response achieved and overall outcome, several 

groups have investigated the role of maintenance therapy post-ASCT to achieve a durable 

remission and delay disease progression. Maintenance therapy is given for an extended 

period of time with the goal of prolonging the duration of response early in the disease 

course. Post-transplant maintenance therapy has even been suggested to be potentially more 

important than the choice of induction therapy for extending PFS [6–8]. While many studies 

evaluating the role of maintenance therapy indicate a clear PFS advantage, the benefit to 

overall survival remains unclear.

Initial studies involved the use of interferon and steroids as maintenance therapy. Although 

a PFS benefit was shown, these agents were associated with significant toxicities and poor 

tolerance; therefore, they are not widely used to date [9–12]. Several groups have studied 

the application of the first generation IMiD (immunomodulatory imide drug) thalidomide as 

maintenance therapy as well. These studies showed an improvement in PFS and response 

rates, however reports of significant cumulative toxicity and the possible risk of a resistant 

relapse has prevented the widespread use of thalidomide in the maintenance setting [13–

16]. A few groups observed that patients on thalidomide maintenance with high-risk 

cytogenetics experienced shorter OS and additionally, some reported shorter survival post-

relapse following thalidomide maintenance [16–18].

The standard of treatment for patients undergoing autologous transplant is to receive low 

dose post-transplant maintenance therapy with lenalidomide, which is considered a better 

candidate than thalidomide due to its more acceptable safety profile [6]. With respect to 

lenalidomide maintenance, all large randomized studies conducted to date have shown a 

PFS advantage, with one even showing an OS advantage [3,19–20]. However, in the study 

performed by Attal et al., PFS and OS after first progression were shorter in the cohort that 

received maintenance therapy with lenalidomide, suggesting that continuous therapy may 

act as a selective pressure for the dominance of more aggressive, drug-resistant sub-clones. 

Furthermore this study, similar to those investigating thalidomide maintenance, noted that 

patients with high risk cytogenetics (notably those with t(4;14) or d17p) did not derive a 

PFS or OS advantage from maintenance therapy with lenalidomide [7,19]. Two of these 
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randomized studies also indicated an increase in secondary primary malignancies with long-

term use of maintenance treatment with lenalidomide [19–20]. Due to the lack of benefit 

from maintenance with lenalidomide in patients with high-risk cytogenetics, as well as that 

patients with renal insufficiency, an inability to tolerate lenalidomide due to side effects, or 

a previous history of cancer require an alternative option for maintenance therapy, the use of 

bortezomib maintenance in the post-transplant setting has been suggested.

Bortezomib is a selective and reversible proteasome inhibitor associated with high response 

rates in newly diagnosed as well as relapsed patients [21]. The role of bortezomib as 

maintenance therapy post-transplant is less established with only two large randomized 

studies published to date, neither of which compared the use of bortezomib maintenance 

to a control group receiving no maintenance [22–23]. The study conducted by the 

HOVON/GMMG group showed the cohort that received induction with a bortezomib-based 

combination followed by bortezomib maintenance post-transplant derived both a PFS and 

OS advantage when compared to the arm that received non-bortezomib induction followed 

by transplant and thalidomide maintenance. Maintenance was terminated after a maximum 

of 2 years, regardless of whether patients had no evidence of disease progression [22]. 

A second large randomized study investigating bortezomib maintenance post-transplant 

conducted by the Spanish Myeloma Group, involved patients receiving maintenance post-

transplant, and compared interferon alpha-2b, thalidomide, and bortezomib/thalidomide. 

This study demonstrated a PFS advantage in the cohort that received bortezomib/

thalidomide maintenance. Unfortunately, some groups received induction with bortezomib 

while others did not, making it unclear whether the derived survival benefits were a result of 

the bortezomib induction or maintenance [23].

We do not have adequate guidelines for how long we should continue bortezomib in the 

maintenance setting, the optimal scheduling of the drug, and if it is truly comparable to 

lenalidomide. Large phase 3 studies aiming to optimize maintenance are ongoing, however 

results are not available at this point. Thus, one of the questions for physicians treating 

myeloma revolves around good alternative maintenance therapy options that impact PFS and 

OS for patients and are comparable or superior to lenalidomide. In this study we report 

the results of a single institution retrospective study of patients who received maintenance 

therapy with bortezomib post-autologous stem cell transplantation. Our goal was to define 

outcomes of patients on bortezomib maintenance and to determine whether this maintenance 

strategy is safe, efficacious, and well tolerated.

Methods

Patients

With institutional review board approval, we performed a systematic, retrospective review of 

medical charts of all myeloma patients who received an autologous transplant followed by 

maintenance therapy with bortezomib at the Adult Bone Marrow Transplant Clinic at Duke 

University between 2005 and December 2015. In total, 102 patients were identified.
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Definitions

Maintenance therapy was defined as low dose bortezomib (1.3 mg/m2 once every two 

weeks) therapy given subcutaneously every other week alone or in combination with low 

dose lenalidomide (10 mg/day) initiated between 60 and 90 days post autologous transplant, 

until either disease progression or cumulative toxicity necessitated alternative therapy. 

Patients who received maintenance therapy with single agent lenalidomide post-transplant 

were excluded from this study. PFS was defined as the time from the date of initiation 

of maintenance to disease progression/relapse or death, whereas OS was defined from the 

date of initiation of maintenance to the date of death from any cause. High-risk patients 

were defined as bearing the presence of any of the following high-risk cytogenetic features: 

subgroups- d17p, t(4;14), +1q, and t(14;16) by FISH. Standard-risk patients were defined as 

having the absence of any of the aforementioned high-risk cytogenetic features.

Response

Response and progression were defined according to the International Myeloma Working 

Group criteria [24]. A complete response (CR) was defined as negative immunofixation of 

serum and urine, disappearance of soft tissue plasmacytoma, and <5% plasma cells in the 

bone marrow. Very good partial response (VGPR) was defined as more than 90% reduction 

of serum M-protein and urine M-protein less than 100mg/24 hours. A partial response (PR) 

was defined as more than 50% reduction of serum M-protein or reduction of urine M-spike 

less than 200mg/24 hours. Stable disease was defined as failure to meet any response 

criteria. Responses were assessed after induction, after transplant, at 2-month intervals 

during maintenance, as well as at progression/relapse. PFS was calculated from date of 

initiation of maintenance post-transplant until progression, relapse, or death, whichever 

came first. OS was measured from date of initiation of maintenance post-transplant until 

death from any cause. Patients alive at the date of most recent contact were censored.

Statistical Analysis

The primary goal of the study was to define outcomes for patients on bortezomib 

maintenance and compare PFS between the high risk and standard risk cohorts, as well 

as among subgroups within the high-risk cohort. The Kaplan-Meier plots of the survival 

curves for the overall survival and progression free survival were obtained for the high risk 

group and standard risk group, as well as the 1q+, d17p, t(4;14) and t(14,16) subgroups. The 

log rank test was used to test for the differences between groups. A two-sided p value <0.05 

is considered to be significant. We also obtained the median survival times and their 95% 

confidence intervals. All statistical analyses were performed using R 3.2.3 (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

Patient Characteristics

Patient characteristics are outlined in Table 1. In total, 102 patients (51 males and 51 

females) received post-transplant maintenance therapy with bortezomib at our institution 

from January 2005 to December 2015. Median age at transplant was 63 years (range, 
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31-75). The majority of patients received RVD (31%) and VCD (33%) as induction therapy 

prior to transplant. At time of transplant 72 patients (71%) achieved at least a VGPR. 

Post-transplant, 58 patients (57%) achieved a VGPR, 20 patients (20%) achieved a CR, and 

18 patients (17%) achieved a sCR. All patients received post-transplant maintenance therapy 

incorporating bortezomib. In total, 92 patients (90%) received single agent bortezomib 

maintenance and 10 patients (10%) received a combination of lenalidomide and bortezomib. 

We identified 20 patients (20%) with history of other primary cancer. These patients were 

placed on bortezomib maintenance due to the potentially increased risk of developing 

secondary a cancer if placed on long-term maintenance with lenalidomide.

Response and Survival

The median follow-up period was 18.8 months for survivors. In total, 35 patients (34%) 

had disease progression on maintenance. The median progression-free survival (PFS) for 

all patients who received maintenance therapy with bortezomib was 36.5 months (95% 

confidence interval [CI], 21.3 to NA). The median overall-survival (OS) was 72.7 months 

(95% CI, 63.9 to NA) (Figures 1 and 2). The safety profiles and most common toxicities 

are listed in Table 2. Peripheral neuropathy was the most commonly experienced toxicity 

(31%). The second most common toxicity was fatigue (15%). GI symptoms (5%), Rash 

(2%), Nausea (3%), and Neutropenia (1%) were less commonly observed. In 2 (2%) of 102 

patients, treatment was discontinued due to peripheral neuropathy related to the bortezomib 

based maintenance therapy. At time of last follow up, 55 patients (54%) remained free of 

any reported toxicity, 2 patients (2%) discontinued bortezomib maintenance due to adverse 

effects, and no patients had died due to adverse events. There were no incidences of 

secondary malignancies reported as a result of maintenance therapy with bortezomib.

Secondary Analyses

Fluorescent in situ hybridization was available in 99 patients. Of those 100 patients with 

available data, 42% had high-risk cytogenetics [d17p, t(4;14), +1q, t(14;16)] at time of 

diagnosis. When compared with patients who had standard-risk cytogenetics at diagnosis, 

those harboring high-risk cytogenetics receiving bortezomib maintenance therapy did not 

display a statistically significant inferior PFS (p=.95) (Figure 3). In order to evaluate a 

possible differential effect of bortezomib maintenance therapy based on patient cytogenetics, 

subgroup analyses were performed for FISH abnormalities, including t(4;14), d17p, +1q, 

and t(14;16). In these analyses, patients with various high risk FISH abnormalities were 

compared against each other and with standard-risk patients i.e. patients without these 

cytogenetic abnormalities. In analyses, there were no statistically significant differences 

in PFS for any of the high-risk subgroups when compared with each other and with the 

standard-risk cohort, though the sample sizes for the high-risk subgroups were small (Figure 

4).

Discussion

Despite significant progress in the treatment of Multiple Myeloma, disease relapse and 

the corresponding necessity for multiple sequential treatments remains a mainstay of the 

disease. In order to prolong PFS post-ASCT, a low dose maintenance therapy is often 
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administered. The selection of maintenance therapy is a major decision for physicians, 

and currently we do not have conclusive guidelines regarding the use of these agents 

[25]. Therapy with low dose lenalidomide is the most widely used maintenance strategy 

for patients with MM post-transplant. Some patients are unable to tolerate lenalidomide, 

have high-risk myeloma, renal insufficiency, or a previous history of other cancer; thus, 

an alternative bortezomib based maintenance strategy has been explored. Unfortunately, 

we currently do not have adequate guidelines for how long to continue bortezomib in the 

maintenance setting as well as if it is truly comparable to lenalidomide [26].

This retrospective analysis indicates that that patients can benefit from post-transplant 

bortezomib maintenance, with median PFS from date of maintenance initiation of 36.5 

months and OS of 72.7 months, which is comparable to the historical data reported by 

other studies exploring bortezomib in the maintenance setting [22, 23]. Additionally, we 

found that maintenance with bortezomib is well tolerated with minimal toxicities and that 

patients were able to stay on maintenance bortezomib until progression with no evidence of 

secondary malignancies. Peripheral neuropathy related to the therapy was the most prevalent 

toxicity experienced. Among those who received bortezomib maintenance, 31% experienced 

some degree of peripheral neuropathy. Overall this maintenance strategy was well tolerated, 

even in those with renal insufficiency, with only 2% of patients discontinuing therapy 

due to side effects. Patients who were cytogenetically defined as high-risk derived similar 

benefit from this maintenance strategy as those with standard-risk disease. Progression-free 

survival in the high-risk and standard-risk cohorts was not statistically significantly different, 

indicating that bortezomib maintenance impacted positively on high-risk patients, a cohort 

that historically when treated with lenalidomide maintenance, failed to achieve a PFS 

comparable to patients with standard-risk disease. Our subgroup analysis did not show a 

statistically significant difference in PFS among high-risk subgroups when compared with 

each other as well as with the standard-risk cohort, though our sample sizes for the high-risk 

subgroups were small.

It is important to acknowledge the limitations of this retrospective study. Primarily, that the 

sample size of 102 patients was relatively small, and the median follow-up time of 20.45 

months was short. Additionally, the sample sizes for the high-risk cohorts were low enough 

such that we cannot draw any definite conclusions as to whether patients harboring certain 

types of high-risk cytogenetics benefit more or less from maintenance with bortezomib.

The prospective randomized trial evaluating bortezomib in the maintenance setting 

conducted by the HOVON/GMMG group has been updated to include a long-term follow-up 

and subgroup analysis. This follow-up asserted that bortezomib based induction followed 

by maintenance therapy with bortezomib post-ASCT significantly improved PFS and OS in 

patients harboring the d17p cytogenetic abnormality, and nearly completely overcame the 

negative impact conferred by this abnormality. However, subgroups harboring the t(4;14) 

and +1q abnormalities did not benefit to such a degree, and the negative impact conferred 

by these abnormalities remained significant. Additional studies are required to determine 

whether or not patients with t(4;14) and +1q truly benefit from maintenance therapy with 

bortezomib [27]. The role of maintenance therapy in the context of the current treatment 

landscape remains a topic that must be further explored. It is widely accepted that the use of 
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post-transplant maintenance therapy extends time to progression post-transplant for patients 

with MM. However it has also been suggested that the imposition of long-term maintenance 

therapy may lead to the selection of more aggressive, drug resistant sub-clones, specifically 

in the study by Attal et al., in which PFS and OS after first progression were shorter in the 

cohort that received maintenance therapy with lenalidomide [19, 28].

Newly released agents are beginning to be considered for use as potential maintenance 

therapies post-ASCT. Particularly ixazomib, a second-generation proteasome inhibitor, 

represents a new option that may eventually replace bortezomib in the maintenance setting. 

Ixazomib is the first oral proteasome inhibitor to be approved by the FDA. Side effects 

appear to be more manageable than those of bortezomib, with a lower incidence of 

peripheral neuropathy. Its oral administration and side effect profile present an attractive 

and convenient option for patients who would have otherwise received post transplant 

maintenance with bortezomib [29–30]. An abstract from a phase II trial recently evaluated 

ixazomib given in combination with lenalidomide in the maintenance setting (ASH 2015). 

Overall, the incidence of adverse events was comparable to that of historical data on 

maintenance with lenalidomide alone. At time of abstract presentation, the median PFS 

had not been reached, and the estimated 2-year PFS was 83%. Next generation therapies, 

especially immunostimulatory monoclonal antibodies, should also be studied further to 

determine their potential benefit in the maintenance setting [31–32].

In summary, despite the benefits conferred by ASCT, nearly all patients relapse 

posttransplant. Maintenance therapy represents an important strategy by which to delay 

disease progression and relapse. Therefore, comprehensive guidelines for the use of 

maintenance therapy are important for physicians to effectively communicate the duration 

of therapy, potential toxicities, and PFS and OS benefits to patients. Our study concludes 

that bortezomib in the maintenance setting is well tolerated, efficacious, and can be 

continued without evidence of secondary malignancy until disease progression. Our data 

suggests that this maintenance strategy confers a PFS benefit to patients with high-risk 

cytogenetics, a population that has been reported to derive limited benefit from maintenance 

with lenalidomide. Next generation agents such as ixazomib are being explored in the 

maintenance setting and may further reduce maintenance-related toxicities and likely impact 

even more favorably on PFS and OS than our current strategies. Additional large-scale 

studies are required to evaluate treatment outcomes in patients with MM who received 

maintenance therapy compared to no maintenance post-ASCT as well as to evaluate 

the possibility of long-term maintenance eventually giving rise to more drug-resistant 

sub-clones, and finally to further evaluate subgroups that may benefit the most from one 

maintenance strategy over another.
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Highlights

• Retrospective review analyzing outcomes of maintenance therapy with 

bortezomib post autologous stem cell transplantation (ASCT)

• Total of 102 patients treated from 2005–2015 analyzed

• Total of 2% of patients required discontinuation of bortezomib maintenance 

due to adverse events.

• Bortezomib in the maintenance setting is well tolerated, efficacious, and 

can be continued without evidence of secondary malignancy until disease 

progression.
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Figure 1. 
OS for MM patients on maintenance therapy with bortezomib
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Figure 2. 
PFS for MM patients on maintenance therapy with bortezomib
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Figure 3. 
PFS of high risk and standard risk cohorts

Sivaraj et al. Page 13

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2024 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
PFS of high risk subgroups
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Table 1.

Patient Demographics and Disease Characteristics

Characteristic No. %

Age at transplant, years

 < 65 years of age 53 52%

 ≥ 65 years of age 49 48%

 Median 64

 Range 31–78

Sex

 Male 51 50%

 Female 51 50%

Race

 White 73 71%

 Black 24 24%

 Asian 4 4%

 Other 0 0%

 Missing 1 1%

Immunochemical Subtype

 IgG 53 52%

 IgA 27 26%

 IgD 1 1%

 LCM 21 21%

 Non-secretory 0 0%

Light Chain Type

 Kappa 63 62%

 Lambda 39 38%

ISS Stage

 Stage I 40 39%

 Stage II 29 28%

 Stage III 23 23%

 Unknown 10 10%

Genetic Abnormality

 High Risk 43 42%

  d17p 20 20%

  t(4;14) 13 13%

  +1q 13 13%

  t(14;16) 5 5%

 Standard Risk 56 55%

 Not Performed 3 3%
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Characteristic No. %

Melphalan Dose

 200 mg/m2 78 76%

 140 mg/m2 24 24%

Induction Therapy

 RVD 32 31%

 VCD 34 33%

 VD 19 19%

 RD 10 10%

 TD 2 2%

 VAD/similar 5 5%

Disease Status at Transplant

 PR 30 29%

 VGPR 50 49%

 CR 5 5%

 sCR 17 17%

Type of Transplant

 Single Auto 97 95%

 Tandem Auto 5 5%

Post-transplant Maintenance Therapy

 Lenalidomide + bortezomib 10 10%

 Bortezomib 92 90%

Disease Status Post-Transplant

 PR 6 6%

 VGPR 58 57%

 CR 20 20%

 sCR 18 17%

Baseline Creatinine

 ≤2mg/dl 71 69%

 > 2mg/dl 18 18%

 Unavail. 13 13%

Number of skeletal lesions

 0 38 37%

 1–2 16 16%

 >3 48 47%

History of another primary cancer

 Positive 20 20%

 Negative 82 80%
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Characteristic No. %

Median Beta-2 microglobulin 3.23

ISS indicates International Staging System; RVD, lenalidomide-bortezomib-dexamethasone; VCD, bortezomib-cyclophosphamide-dexamethasone; 
TD, thalidomide-dexamethasone; VAD, Vincristine-Adriamycin-Doxorubicin

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2024 May 17.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sivaraj et al. Page 18

Table 2.

Safety Profile & Toxicities from Maintenance Therapy

Variable No. %

AE leading to discontinuation of bortezomib 2 2%

Death from AE 0 0%

Secondary Malignancy 0 0%

Toxicities

 Yes 47 46%

 No 55 54%

Neutropenia 1 1%

Fatigue 15 15%

Peripheral Neuropathy 32 31%

Nausea 3 3%

Rash 2 2%

GI symptoms 5 5%

AE, Adverse Event; GI, Gastrointestinal
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