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Abstract

Melphalan at a dose of 200 mg/m?2 (MEL200) remains the standard high dose therapy before
autologous stem cell transplantation (ASCT) for multiple myeloma (MM). Intensifying the high
dose regimen has shown promising results. We report here 7-year follow up of our novel high dose
regimen of busulfan and melphalan followed by bortezomib (BuMelVel). Forty-three MM patients
received BuMelVel high dose therapy with pharmacokinetic adjusted busulfan. Outcomes were
compared to a matched control cohort from the CIBMTR database (n = 162) receiving MEL200.
The primary endpoint was progression free survival. Five year PFS was 47% v 30% (95% CI; 32—
62) in favor or the BuMelVel group (95% CI; 23-37) (p=0.05). In multivariate analysis for PFS,
BuMelVel (HR 0.65; 95% CI 0.44-0.97)(p=0.036) was predictive. Similar to recent reports of
double alkylator therapy, although depth of response was similar between the BuMelVel group and
MEL200, the BUMELVEL group experienced an improved PFS.
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Introduction:

Multiple myeloma (MM) is a malignant disorder of plasma cells primarily affecting elderly
patients. The development and ultimately FDA approval of Lenalidomide in 2006 and
Bortezomib in 2003 began a period of rapid myeloma therapy expansion including 2" and
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3" generation proteasome inhibitors and immunomodulators, monoclonal antibodies, and
more recently chimeric antigen receptor T-cell therapy (CAR-T). Median progression free
survival (PFS) in up front autologous stem cell transplantation (ASCT) eligible patients now
surpasses 4 years! and with maintenance improved 5 year survival is noted for patients of
any age and ethnic background?. Despite the incorporation of novel myeloma therapies, the
disease remains incurable when treated with novel myeloma therapies in combination with
high dose chemotherapy and autologous stem cell transplantation.

In contrast to the accelerated development and exploration of effective new drugs for
induction, maintenance, and relapse, Mel200 remains the international standard for high
dose therapy before ASCT for MM in both the upfront and second transplant setting? since it
was first evaluated by Gore et al in 19894, Despite the first BMT-CTN state of the science
symposium having as one of its priorities to intensify and improve the preparative regimen
for MM, until recently, little progress has been made®. In preclinical studies, both the
combination of busulfan and melphalan® as well the combination of bortezomib and
melphalan’ have been shown to be synergistic. When pharmacologically adjusted® to yield a
four day total systemic plasma drug exposure of 20,000 uM-min, busulfan is safe and early
concerns regarding sinusoidal obstructive syndrome (SOS) appear to be eliminated® 10,

This open label phase I/11 trial prospectively evaluated a high dose regimen consisting of
high-dose intravenous busulfan and melphalan followed by bortezomib (BuMelVel). After a
phase 1 roll-in, we completed the phase Il portion and conducted a planned comparison of
patients who received the phase Il doses against a contemporaneous matched cohort of
patients receiving Mel200. This control cohort was prospectively reported to the Center for
International Blood and Marrow Transplant Research (CIBMTR) with similar
characteristics. We previously reported an improved short term one year PFS of 90% in the
BuMelVel arm as compared to 77% in the Mel200 arm (p=0.02) indicating an improved
early benefit by intensifying the preparative regimen®. Here we report our 7 year follow up
comparative data for this novel high dose regimen to the same cohort of CIBMTR patients
with the primary aim of long term PFS as well as its effect on overall survival (OS). We
believe our experience when added to recent Phase 111 data by Bashir et al which showed a
median progression-free survival of 64.7 months with busulfan plus melphalan versus 43.5
months with melphalan alone potentially establishes a new standard of care.

This open label phase I/11 study was conducted between July 2009 and May 2012 at Loyola
University Medical Center (Maywood,IL). All patients with any disease response following
induction therapy were enrolled at time of stem cell transplantation workup. General
inclusion criteria included adults aged less than 70, a diagnosis of symptomatic MM per
international myeloma working group criteriall, creatinine less than 2.5 mg/dL, no active
infections, no severe obstructive and/or restrictive pulmonary disease determined by
pulmonary function testing (ie, DLCO < 50% and/or FEV1 < 50% and/or FVC < 50%), and
cardiac ejection fraction greater than 40%. In total, 43 patients received BUMELVEL high
dose therapy followed by ASCT on the phase Il portion of this study.

Leuk Lymphoma. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hagen et al.

Procedures:

Page 3

Standard response criterial? were used and risk defined per the Mayo Risk Stratification and
International Staging System3.14, Neutrophil and platelet engraftment were defined as the
first of 3 days with a neutrophil count > 0.5 x 109/L and first date of 7 consecutive
laboratory values with platelet count > 20 x 10%/L without platelet transfusion. Common
Terminology Criteria for Adverse Events (CTCAE) were used to grade and monitor for AEs.
The Baltimore diagnostic criteria was used to diagnosis SOS°. Busulfan was administered
i.v. daily for a total of 4 days with the first 2 days (days —6 and —5) at fixed dose of 130
mg/m2 over 3 hours and the subsequent 2 doses (days —4 and —3) adjusted to achieve a
target AUC total of 20,000 pM-min as determined by pharmacokinetic analysis after the first
dose of i.v. busulfan. Melphalan at 140 mg/m2 and bortezomib at 1.6 mg/m2 were
administered i.v. on days -2 and -1, respectively. There was no planned maintenance
therapy.

Patients received prophylaxis for oral mucositis with palifermin. Two doses of 6.25 mg were
administered by i.v. bolus injection for 2 consecutive days a minimum of 24 hours before the
first busulfan dose (days —8 and —7), and a third dose of 6.25 mg was administered on day 0
after stem cell infusion. Patients received supportive care per institutional guidelines. The
Loyola University Chicago Stritch School of Medicine Institutional Review Board approved
this study and all patients voluntarily signed informed consent.

Data from this phase Il clinical trial were compared against a matched control cohort of
contemporaneous North American MM patients (n = 162) receiving high dose therapy with
single agent intravenous melphalan at a dose of 200mg/m2. Only patients who received the
phase Il (maximum tolerated) dose were included in the comparison analysis. Fifty-four
centers, not including the study center, contributed patients for the control group.

Statistical Analysis:

The primary outcome of this study was median progression free survival. Descriptive
statistics were used to report results including demographics, disease related factors,
transplant-related factors, incidence and severity of mucositis, incidence and severity of
SOS, remission rates, and relapse rates. The entire cohort was re-examined to confirm
eligibility and descriptive factors. To adjust for potential imbalances of patient and disease
related risk factors between trial and matched comparison cohorts, a one-to-four matched
paired analysis was performed. Variables used in matching include patient gender;
Karnosfsky score (<80 vs. 90-100%); international disease stage (I, Il vs. I11); cytogenetic or
mayo risk (high vs. standard); patient age; and time from diagnosis to transplant. For each
case a matched control is selected with the smallest age difference among all potential
matched controls. The BuMelVel cohort consisted of 43 patients and the matched control
cohort of 162 patients, in which 39 patients were with 1-4 matching, 1 with 1-3 matching
and 3 pairs were 1-1 matched.

The probabilities of PFS and OS were calculated using the Kaplan Meier estimator and the
probability of transplant related mortality (TRM) and relapse generated using cumulative
incidence estimates to account for competing risks. Marginal Cox model was used to
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compare the two groups while adjusting for matched pairs. The variables further considered
in multivariate models are listed above. The assumption of proportional hazards for each
factor in the Cox model was tested using time-dependent covariates. A stepwise model
selection approach was used to identify all significant risk factors. Each step of model
building contained the main effect for treatment group. Factors which were significant at a
5% level were kept in the final model. The potential interactions between main effect and all
significant risk factors were tested. Adjusted probabilities of PFS and OS and adjusted
cumulative incidence curves for TRM and relapse were generated from the final regression
models stratified on main treatment group and weighted averages of covariate values using
the pooled sample proportion as the weight function. These adjusted probabilities estimate
likelihood of outcomes in populations with similar prognostic factors.

Results:

Baseline patient characteristics are described in Table 1. The two cohorts were well balanced
for age, gender, KPS, MM isotypes, time from diagnosis to transplantation, disease stage,
and disease status before transplantation. Of note, the median age at transplant was identical
between groups at 62 years and KPS was 90 or higher in 74% and 75% of patients in the
BuMelVel and Mel200 groups respectively. More patients in the BuMelVel group received
greater than one line of therapy prior to transplant (53 v 33%). Remission status at transplant
was similar between the BuMelVel and Mel200 groups with very good partial remission
(VGPR) or greater in 42% v 47% respectively. In particular, chemo-resistant disease at
transplant was very low in both groups at 2%. There were more standard risk patients per
Mayo Stratification (NSMART) in the Mel200 group (78%) v the BuMelVel group (40%).
Median follow up of survivors was also similar between groups at 86 months (range 27-109)
in the BuMelVel group and 85 months (range 12-121) in the Mel200 group. No patients in
the BuMelVel group received planned maintenance therapy post-transplant whereas 112
(69.6%) of the Mel200 control arm were reported to have received planned post-transplant
maintenance. Within the limitations of the CIBMTR database, maintenance choice and
duration in the Mel200 group is not available.

Response Rates:

The BuMelVel regimen resulted in an overall response rate of 98%. There was no difference
in response rates at day 100 (p=0.48) but a trend toward improved response at 1 year in the
BuMelVel arm with 77% achieving a VGPR or better versus 60% in the Mel200 group
(p-0.09) (table 2).

Overall and Progression Free Survival:

As of this report and a median of more than seven years of follow up, 14 patients (32%; 95%
Cl 18-48) were still alive without disease progression the BuMelVel group versus 38 (23%;
95% CI 16-31) in the Mel200 group (p=0.33). The five year PFS was 47% (95% Cl; 32-62)
in the BuMel Vel group versus 30% (95% CI; 23-37) in the Mel200 group (p=0.05) (Figure
1). Overall survival was not different between the two groups with a 7 year survival of 64%
(95% CI; 48-79) in the BuMelVel group versus 55% (95% CI; 46—64%) in the Mel200
group (multivariate p value =0.33) (figure 1).
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In multivariate analysis, time from diagnosis to transplant of greater than versus less than 12
months was associated with an increased risk of relapse (HR 1.99; 95% CI 1.45 - 2.71)
(p=0<0.01). In multivariate analysis for progression free survival, BuMelVel high dose
therapy (HR 0.65; 95% CI 0.44-0.97)(p=0.036), shorter interval from diagnosis to transplant
of less than 12 months (HR 1.64 for >12 months; 95% CI 1.18 — 2.27), and disease status at
transplant (complete remission HR 1.00; p=0.006; see table 3 for individual response HR)
were all associated with improved progression free survival (table 3).

Regimen-Related Toxicity:

There was no difference in time to neutrophil or platelet engraftment between the two
groups. Treatment related mortality was low in both groups. Only one patient (2%, range 0—
9%) in the BuMelVel group died from transplant related causes compared to 10 (6%, range
3-11) in the Mel200 group but this was not statistically significant. PK targeted busulfan
dosing was successful in all of the BuMelVel patients with only 23% of patients having a
first dose AUC outside an acceptable range of 5000 uM-min + 20% (<4000 or >6000
UM-min). There were no episodes of SOS in the BuMelVel group. The most common grade
3 adverse events included the expected febrile neutropenia and mucositis. In particular, 37%
of patients experienced grade 3 mucositis and there was no grade 4 mucositis in the
BuMelVel group. No enteric feeding or total parenteral nutrition was needed. The median
hospital stay for the BuMelVel group was 19 days.

Discussion:

This study is a long term follow up of our earlier report of this novel Bu/Mel/Vel preparative
regimen in advanced MM. Similar to recent reports in the literature comparing busulfan and
melphalan to melphalan alonel®, we show that although depth of response was similar
between the BuMel\el group and the historical Mel200 comparator, the BuMelVel group
experienced an improved PFS including an impressive 7 year PFS without maintenance
therapy of 32%.

The combination of busulfan and melphalan has been explored in several settings (see table
4) including the phase 111 setting by the PETHEMA/GEM group?6 and the MD-Anderson
group®. Following a modern induction therapy, the MD-Anderson group randomized
patients to receive either standard Mel200 or busulfan and melphalan (BuMel) high dose
therapy with PK adjusted busulfan dosing to achieve an AUC total of 20,000 mmol-minute.
With a shorter median follow up of approximately 20 months, they found similar results to
ours with a median PFS of 64.7 versus 43.5 months (p=0.022) and a 3 year PFS of 72%
versus 50% in the BuMel and Mel200 arms respectively. 84% of patients in the BUMEL arm
and 86% of patients in the MEL200 arm initiated maintenance therapy post-transplantation.
The Spanish Myeloma Group (PETHEMA/GEM) are currently conducting a randomized
phase 111 study comparing BuMel to Mel200 following a modern induction of lenalidomide,
bortezomib, and dexamethasone with preliminary safety data presented at ASH in 201716
This may validate the recently published MD-Anderson data.

Our results however seem better than other recent reports given the lack of maintenance
therapy received by patients on our study, perhaps owing to the use of bortezomib in the
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combination and the PK dosing of the busulfan. To our knowledge, only one other group has
prospectively evaluated BuMelVel as a high dose regimen for MM7 with a much shorter
reported follow up of only 31.4 months. In their phase I/11 study following a bortezomib
based induction, they reported a higher response rate than ours with 83% of patients
achieving a very good partial response (VGPR) or better but an inferior median PFS of only
26.8 months and two year PFS of just 56%. Interestingly, they reported less grade 111
mucositis (only 14.6%) even in the absence of palifermin and no SOS. These complication
rates are similar to the report of Jung and colleagues utilizing BuMel high dose therapy8.
Finally, the Spanish group compared data from their phase 11 BuMel study to a
contemporaneous matched cohort treated on the GEM2000 protocol® who received Mel200
high dose therapy. Induction therapy was with intensive chemotherapy comprising six
alternating cycles of VBMCP (vincristine, carmustine, melphalan, cyclophosphamide,
prednisone) and VBAD (vincristine, BCNU, adriamycin, dexamethasone) chemotherapy
followed by ASCT. They found an improved PFS in the BuMel arm of 33 months compared
to 24 months in the Mel200 arm. Response rates were similar, no SOS was seen, and they
reported no grade 111 mucositis. Importantly, all three of these studies utilized non-PK
adjusted busulfan dosing, had lower rates of mucositis, and seemingly inferior progression
free survival as compared to our data potentially pointing to an under-dosing of the busulfan.

These data indicate that the combination of busulfan and melphalan appears to consistently
lengthen duration of remission without necessarily deepening response rates. It has been
postulated that the synergism between busulfan and melphalan could be due to complex
genomic lesions that are more difficult for the myeloma stem cell to repairl0. Potentially this
synergism could more effectively target the myeloma stem cell population carrying driver
mutations2 prolonging time to relapse without a further reduction in overall disease burden.
Or possibly the common target sites on DNA are saturated prior to achieving dose limiting
toxicity when a single alkylating agent is used. This remains to be clarified but could be a
point of investigation in future studies utilizing this preparatory regimen.

Importantly, we report no cases of SOS and a low transplant related mortality of only 2% (1
death due to viral pneumonia at day 146 post-transplant) reinforcing that the preparatory
regimen in myeloma can be intensified safely with improved duration of even an
unmaintained PFS. Our data showed an impressive OS of 64% and based on the recent
meta-analysis?! could perhaps have been longer had our patients received planned
maintenance as did apparently the majority of the MEL200 comparator group. Although
outcomes are improved by intensifying the preparatory regimen, the randomized data from
the MD-Anderson group suggests that this is at the expense of increased non-hematological
toxicity in particular mucositis'®. We are unable to make a direct comparison in our study to
the CIBMTR control group as mucositis rates are not reported to the CIBMTR; however, we
do note that hospital stay, time to engraftment, and transplant related mortality were not
different between the groups.

There appears to be increasing enthusiasm for intensifying the preparatory regimen in MM
using other approaches, including 2 randomized phase Il studies comparing bendamustine
and melphalan?? as well as BEAM (carmustine, etoposide, cytarabine, Melphalan)
(NCT03570983) to Mel200 in addition to the above mentioned PETHEMA-GEM study
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comparing BuMel to Mel20016. Similar to our work with busulfan, pharmacokinetic based
melphalan dosing which was once thought not feasible is being explored utilizing propylene
glycol free melphalan (Evomela)23-24, Finally, the incorporation of proteasome inhibitors
into the preparatory regimen is particularly attractive as they have been shown to enhance
the sensitivity of multiple myeloma tumor cells to chemotherapeutic agents without affecting
normal hematopoietic cells?®. Along these lines we have recently opened a phase 1/2 study
evaluating the combination of carfilzomib, busulfan, and melphalan (NCT03795597) and
have begun enrolling.

In conclusion, we show that intensifying the preparatory regimen with PK-adjusted busulfan
and combining it with both melphalan and bortezemib leads to an improved progression free
survival with around one third of our patients being progression free 7 years out from
transplant despite a lack of maintenance therapy. Our data along with the MD-Anderson data
depicting a 20 month progression free survival advantage for busulfan and melphalan signal
that a change be considered in the standard of care for high dose therapy for multiple
myeloma patients. This benefit is on par with the PFS advantages seen with up front versus
delayed ASCT and post-transplant maintenance.
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Kapian-Meier plot for progression free survival by main groups Cumulative incidence plot for relapse by main group
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Figure 1:
Progression free survival, relapse, transplant related mortality (TRM) and overall survival
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Table 1.
Baseline characteristics
Characteristic BUMELVEL MEL200 | P Value
Number of patients 43 162
Number of centers 1 54
Age at transplant - median (min-max) 62 (46-69) | 62 (42-69) 0.47
Age at transplant 0.17
40-59 9 (21) 56 (35)
60-64 17 (40) 61 (38)
65-70 17 (40) 45 (28)
Gender 0.97
Male 24 (56) 91 (56)
Female 19 (44) 71 (44)
Karnofsky Performance Score group 0.90
<90 11 (26) 40 (25)
=90 32 (74) 122 (75)
Isotype 0.86
I9G 26 (60) 100 (62)
IgA 8 (19) 32 (20)
Light chain 7(16) 27 (17)
IgD 1(2) 1(1)
non-secretory 1(2) 2(1)
International stage at transplant 0.74
Stage | 16 (37) 51 (31)
Stage /111 20 (47) 79 (49)
Unknown 7(16) 32 (20)
Mayo risk stratification at diagnosis (MSMART) <0.001
Standard risk 17 (40) 127 (78)
High risk 4(9) 18 (11)
Unknown 22 (51) 17 (10)
Lines of chemotherapy 0.02
1 20 (47) 108 (67)
>1 23 (53) 54 (33)
Disease status at transplant 0.19
CR 3(7) 33(20)
VGPR 15 (35) 43 (27)
PR 23 (53) 72 (44)
SD 1(2) 11 (7)
REL/PROG 1(2) 3(2)
Time from Diagnosis to transplant 0.61
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Characteristic BUMELVEL MEL200 | P Value
< 12 months 33 (77) 130 (80)
>12 months 10 (23) 32 (20)

Median follow-up of survivors (range), months 86 (5-109) | 85 (1-121)

BuMelVel: Bulsulfan, Melphalan, Bortezomib; Mel200: Melphalan 200mg/m2; CR
partial response; SD: stable disease; REL/PROG: relapse or progressive disease

: complete response; VGPR: very good partial response; PR:
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Table 2:
Best Response Following Transplant
Characteristic BUMELVEL | MEL200 | P Value
Number of patients 43 162
Best response @ 100 days 0.48
SCRICR 17 (40) 53 (33)
VGPR 12(28) | 4427)
PR 12 (28) 40 (25)
SD 1(2) 20 (12)
PD/Relapse 0 2(1)
Unknown 1(2) 32
Best response @ 1 year 0.09
SCR/CR 20 (47) 79 (49)
VGPR 13 (30) 27 (17)
PR 9(21) 27 (17)
SD 0 11.(7)
PD/Relapse 0 6(4)
Unknown 1(2) 12 (7)
Hypothesis testing:

a .
Kruskal-Wallis test

b .
Pearson chi-square test

BuMelVel: Bulsulfan, Melphalan, Bortezomib; Mel200: Melphalan 200mg/m2; sCR: stringent complete response; CR: complete response; VGPR:
very good partial response; PR: partial response; SD: stable disease; REL/PROG: relapse or progressive disease
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Marginal-Cox model for Relapse and Progression Free Survival

Page 14

RELAPSE
Hazard
Parameter - 95% Hazard Ratio Confidence Limits | p-value
Ratio
Main groups Control (MEL200) 1.00 0.13
Case (BUMELVEL) 0.72 0.48 1.10
Time from diagnosis to transplant | <12 1.00 <0.01
>12 1.99 1.45 271
PROGRESSION FREE SURVIVAL
Hazard
Parameter 95% Hazard Ratio Confidence Limits | p-value
Ratio
Main groups Control (MEL200) 1.00 0.036
Case (BUMELVEL) 0.65 0.44 0.97
Time from diagnosis to transplant | <12 1.00 0.003
>12 1.64 1.18 2.27
Disease status prior to HCT CR 1.00 0.006
VGPR 1.42 0.82 244 0.21
PR 2.01 1.20 3.37 0.008
SD 1.87 0.74 4.74 0.19
REL/Prog 3.96 1.47 10.65 0.007

BuMelVel: Bulsulfan, Melphalan, Bortezomib; Mel200: Melphalan 200mg/m2; CR: complete response; VGPR: very good partial response; PR:
partial response; SD: stable disease; REL/PROG: relapse or progressive disease
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Notable studies examining busulfan and melphalan plus/minus bortezomib in the literature

hematology 2019

1:2 matched control
analyses

ORR: 82 v 91%

Reference Study Design Comparator Response Progression free Toxicity

survival
Blanes et al®, Phase Il multi- BuMel *v No difference: Median PFS: 33 v TRM: 4% in BuMel v 2%
Annals of institution, Spain; Mel200 BuMel v Mel200 24m (p=0.04) in control

No grade HI/IV mucositis
in BuMel

2019

Anderson Cancer
Center

Mel:

MRD negative: 58
v 61%

CR: 52 v 49%

Park et al, BBMT Phase 1/11 No comparator At day 90: Median PFS: 26.8m | Grade 3 mucositis: 14.6%
2019 multicenter trial, BuMelvel 2VGPR: 75%
Korea CR: 55%
Bashir et al, Phase 111 single BuMel v No difference at Median PFS: Grade 3-4 non-
Lancet Haematol institution, MD Mel200 day 100 BuMel v BuMel 64.7m v Mel | haematological: BuMel

43.5m (p=0.022)

(84%) v Mel (33%)
(p<0.0001)

Grade 3 Mucositis: BuMel
14% v Mel 0% (p<0.0001)

Jung et al, BBMT Phase I1 No comparator ORR: 94% Median PFS: 27.2m | Grade 3-4 mucositis
2018 multicenter, Korea BuMel? 43.5% sCR 15.2%
27.3% VGPR 3 patients (3.2%)
developed SOS
Byun et al?’, Korean National BuMel#v Non-reported Improved 3-year No differences
Blood Research Health Database, HDMel PFS in the BuMel (mucositis not specifically
2018 retrospective group: 70.3 v 52.5% | reported)
comparison (P-0.043)
Rosinol et al, Phase 111 national BuMel##y Per high dose arm, | Per high dose arm, Per high dose arm, pending
ASH 2017 multicenter, Spain Mel200 pending pending
Barta et al?8, Phase Il multi- No comparator ORR 100% at day 2-year PFS 59% 53% grade 3 or 4 mucositis
CLML 2017 institution, US BuMelVel % 100 (95%CI 38-89%)

*

(Blanes et al): BuMel: intravenous Busulfan at 3.2mg/kg daily over days -5 to —3

Hk
(Park et al) BuMelVel: intravenous busulfan (i.v., 3.2 mg/kg/day from days -5 to —3); melphalan (i.v.,140 mg/m2/day on day -2), bortezomib
i.v. 1.3mg/m2 on days -6, -3, and +1

Hok:

*
(Bashir et al) BuMel: Busulfan test dose followed by pharmacokinetically adjusted doses of Busulfan on days -7, —6, -5, and —4 to achieve a

target daily area under the curve (AUC) of 5000 mmol-minute and melphalan 70 mg/m2 per day on days -2 and —1; melphalan 70mg/m2 on days

-2and -1
#
(

mg/m2/day was administered on day —3 and day -2

##(Byun et al) BuMel: Dosing not reported

###(Rosinol et al) BuMel: intravenous busulfan at 9.6mg/kg; melphalan 140mg/m2

Jung et al) BuMel: intravenous busulfan of 3.2 mg/kg was administered over 3 hours once daily from day —6 to days —4; melphalan of 70

(Barta et al) BuMelVel: intravenous PK directed Busulfan to achieve target total AUC of 20,000 from days —6 to —3; melphalan 150mg/m2 onf

day —2; intravenous Bortezomib given at 1mg/m2 on days -6,-3,+1,+4

M: months

TRM: Transplant-related mortality

PFS: Progression free survival

HDMel: High dose melphalan, melphalan at 200mg/m2 or less

sCR: stringent complete response

VGPR: very good partial remission
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SOS: sinusoidal obstructive syndrome
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