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ABSTRACT

Introduction: High-dose melphalan (HDM) followed by autologous haematopoietic stem cell transplantation (ASCT) remains
the standard of care for eligible patients with multiple myeloma (MM). Our objective was to evaluate the effectiveness and safety of
adding bortezomib and bendamustine to melphalan (BBM) compared with HDM for relapsed MM, and investigate if BBM could
offset the anticipated reduction in remission time observed after second ASCT (ASCT2) relative to first ASCT (ASCT1).

Method: We conducted a retrospective analysis of medical records of 43 patients with relapsed MM who received BBM following
first-line HDM from November 2011 to October 2018 at Uppsala University Hospital, and compared them with a cohort of 43
patients receiving HDM immediately before and after the BBM era.

Results: The Kaplan-Meier estimated reduction in median time to next treatment was 26% for BBM- and 39% for HDM-treated
patients in ASCT2 versus ASCT1 (p = 0.198), and 15% versus 39% in median progression-free survival (p = 0.0122). The estimated
median overall survival after ASCT2 was 72.2 months versus 51.5 months (p = 0.14). Severe adverse events with BBM were
consistent with those from HDM alone, although a trend toward increased risk of febrile neutropenia was observed.
Conclusion: Compared with standard HDM, the BBM-protocol in ASCT2 was associated with a smaller decline in progression-
free survival relative to the ASCT1, and a consistent trend toward higher effectiveness across other measures. These findings suggest
that BBM may help preserve efficacy in the setting of repeated transplantation and underscore the need for larger prospective
studies to confirm these results.

1 | Introduction followed by autologous haematopoietic stem cell transplantation

(ASCT) has been a cornerstone in the treatment of MM for fit
Multiple myeloma (MM) is a chronic haematological malignancy patients for almost 30 years [2-4], and is considered standard of
that accounts for about 10% of all haematological cancers and care for eligible patients [2, 5, 6]. Although many new therapeutic
1% of all cancers in general [1]. High-dose melphalan (HDM) agents have been introduced, the role of consolidation with
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HDM and ASCT remains intact [7-10]. The UK Myeloma X
study found that treating patients with a second ASCT (ASCT?2)
after relapse following ASCT in frontline therapy delayed disease
progression and improved overall survival (OS) [11, 12]. Many
different variations of conditioning regimens at ASCT have
been unsuccessfully investigated to challenge HDM as the gold
standard [13].

Bortezomib is a first-in-class proteasome inhibitor that has
been used in many induction combinations for MM and has
shown beneficial effects when combined with alkylating agents
[14-16]. Adding bortezomib to HDM has been investigated by the
Intergroupe Francophone du Myélome (IFM) study group that
reported no increase in toxicity, but no statistical superiority in
response rates, PFS or OS [17, 18]. A Danish-Swedish Phase II
trial interestingly reported no difference in time to next treatment
(TNT) and PFS between first ASTC (ASCT1) and ASCT2 when
bortezomib was added to HDM in first relapse after conventional
HDM [19].

Bendamustine hydrochloride is an alkylating agent with anti-
metabolite properties and manageable toxicity that is effective in
MM |20, 21]. Bendamustine has been reported to have activity
in p53-deficient cells resistant to standard therapy in vitro [22]
and can overcome melphalan resistance in myeloma cell lines
by inducing cell death through mitotic catastrophe [23]. Adding
bendamustine to HDM has been investigated in a few Phase I and
IT studies, reporting acceptable toxicity and efficacy comparable
to HDM [24-27].

Neither bortezomib nor bendamustine has shown any significant
increase in toxicity when combined with HDM. To mitigate
the anticipated reduction in TNT and PFS at ASCT2 compared
to ASCT1, the conditioning regimen for patients eligible for
ASCT2 at Uppsala University Hospital (UUH) was changed to
bortezomib-bendamustine-melphalan (BBM) from 1 November
2011 to 31 October 2018. The objective of this study was to evaluate
the effectiveness and safety of the conditioning regimen BBM
and compare it to HDM in the setting of previously transplanted
relapsed MM.

2 | Materials and Methods
2.1 | Data Collection

This retrospective single-centre cohort study compares the con-
ditioning regimen BBM to standard HDM for relapsed MM after
HDM in first-line treatment. Patients were identified through
the local European Society for Blood and Marrow Transplan-
tation (EBMT) registry at UUH. Patients from three regions
referring patients to UUH for ASCT were included in the study;
Dalarna, Gévleborg and Uppsala with a total population of
968,326 on 31 December 2022, accounting for 9.2% of the Swedish
population [28].

The data sources were the local EBMT registry and electronic
medical records. We used the International Myeloma Working
Group’s definitions of diagnosis and response [29, 30]. All severe
adverse events (AEs) were collected from the start of conditioning
until Day +100 after ASCT2 according to the National Cancer

Institute’s Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 [31].

2.2 | Inclusion Criteria

The inclusion criteria were a diagnosis of MM, and first relapse
after previous ASCT according to the International Myeloma
Working Group, treatment with ASCT2 as part of second-line
treatment at UUH and conditioning at ASCT2 with either BBM
or HDM.

2.3 | Exclusion Criteria

The exclusion criteria were tandem (double) ASCT in first-line
treatment or failure to meet the minimal data requirements
defined as: date of ASCT1 and ASCT2, date of progression
and start of induction treatment following ASCT1 and ASCT2,
medical records from hospitalisation for ASCT2 and at least one
follow-up visit (unless early death before the first follow-up visit).

2.4 | Endpoints

As we wanted to investigate whether BBM could offset the antic-
ipated reduction in TNT and PFS after ASCT2 versus ASCT]I, the
primary endpoint was set to the Kaplan-Meier estimated relative
difference in median TNT after ASCT2 compared to ASCTI.
The secondary endpoints were the corresponding difference in
median PFS, the Kaplan-Meier estimated median TNT, PFS and
OS after ASCT2, OS at 2 years after ASCT2, the average TNT after
ASCT2 compared to ASCTI for each individual patient, and the
depth of best response after ASCT2. The TNT, PFS and OS were
calculated from the day of ASCT. Additional secondary endpoints
were the treatment-related mortality rate, the mean duration of
neutropenia (absolute neutrophil count [ANC] < 0.5 x 10°/L) at
ASCT2, the mean time until engraftment at ASCT2, the mean
duration of hospitalisation after stem cell infusion at ASCT2, and
the frequency of severe AEs.

2.5 | Conditioning Protocols

The BBM-protocol consisted of bortezomib 1.3 mg/m? sub-
cutaneously on Days —5 and -2, bendamustine 100 mg/m?
intravenously on Days —3 and —2 and melphalan 200 mg/m?
intravenously (or 140 mg/m?, if the glomerular filtration rate was
estimated to be below 30 mL/min) on Day —2. On Day -2, ben-
damustine was administered first, followed by bortezomib and
melphalan. In the HDM-protocol, melphalan was administered
as described above. See Appendix S1 for further information on
procedures.

2.6 | Statistical Analysis

Statistical analysis was performed with R v4.4.3 (using the
packages ggplot2, survival, survimner, tidyverse devtools, Imtest,
tidyr and gtsummary). Data are summarised using frequencies
for categorical variables, medians and interquartile ranges for
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BBM

64 patients with ASCT2 identified
November 2011 until October 2018

9 did not meet inclusion criteria
e 8 not treated with BBM
* 1 not multiple myeloma

A4

A4
55 patients included

12 patients excluded
e 8 ASCT2 later than in 2nd line
e 4 with tandem ASCT in first line

v

A4
43 patients analysed

HDM

80 patients with ASCT2 identified before
November 2011 and after October 2018

»| 3 did not meet inclusion criteria
e 3 not multiple myeloma

v

77 patients included

34 patients excluded
e 8 ASCT2 later than in 2nd line
e 24 with tandem ASCT in first line
e 2 missing data

v

A4
43 patients analysed

FIGURE 1 | Patient inclusion and exclusion. Abbreviations: ASCT2 = Autologous haematopoietic stem cell transplantation in treatment line 2,

BBM = bortezomib-bendamustine-melphalan, HDM = high-dose melphalan.

discrete variables and means and standard deviations for contin-
uous variables. Frequencies are presented with a 95% confidence
interval. To determine statistically significant differences between
proportions, Fisher’s exact test was used. Differences in TNT, PFS
and OS were estimated using the log-rank test in Kaplan-Meier
plots. Unpaired Student’s ¢-test was used to determine statistical
significance for means and proportions with normal distribution.
Two-sample z-test was used to determine statistical significance
for sample proportions. Univariable and multivariable linear
regression analyses were performed to estimate the effects of
key confounding variables. A two-tailed p-value < 0.05 was
considered statistically significant.

3 | Results
3.1 | Patient Inclusion

We identified 64 patients treated with ASCT2 between 1
November 2011 and 31 October 2018. Nine did not fulfil
the inclusion criteria and 12 met at least one exclusion cri-
terion. The final BBM-cohort consisted of 43 patients. We
identified 27 consecutive patients treated with HDM before
November 2011 and 53 after October 2018, of which 21 and
22 remained, respectively, after exclusions. The main reasons
for exclusion were tandem transplantation in first-line treat-
ment and ASCT2 performed later than in second treatment
line (Figure 1). Data were collected between 4 January and
17 February 2025.

3.2 | Patient Characteristics

The patients in the BBM-cohort had their ASCT2 between
November 2011 and June 2018, and those in the HDM-cohort
between June 2006 and July 2011 and November 2018 and
February 2023, respectively. The cohorts were balanced overall.
There were trends toward less deep responses prior to ASCT2 and
more patients with plasmacytomas in the BBM-cohort, and more
female and older patients and higher Charlson Comorbidity Score

in the HDM-cohort. The median time between ASCT1 and ASCT2
was similar between the cohorts, 42.0 versus 42.3 months. For the
BBM-treated patients, all were previously exposed to bortezomib,
and one patient to bendamustine (Table 1).

3.3 | Myeloma Treatment

The study period spans more than two decades; hence, the
treatment of MM has changed dramatically over time (Table 2).
Consolidation was only used in HDM-patients, one in first-line
and three in second-line treatment. Maintenance therapy, primar-
ily single-agent lenalidomide, was used in eight BBM-patients
after ASCT2 for an average of 10 months, whereas 15 patients
received maintenance therapy with single-agent thalidomide,
lenalidomide, or bortezomib in the HDM-cohort, for an average
of 16 months, p = 0.088.

3.4 | In-Patient Care

All patients were mobilised using cyclophosphamide and
granulocyte-colony stimulating factor (G-CSF), except one
HDM-patient who received G-CSF only. Stem cell harvest
for both ASCTs was performed before ASCTI, except for six
patients in the first HDM-cohort, who had another harvest
prior to ASCT2. The average time to neutrophil granulocyte
count reaching 0.5 X 10°/L or more was 13.4 (+1.70) days for
the BBM-cohort, and 13.0 (+2.86) for the HDM-cohort, p =
0.43. G-CSF was used in six (12%) BBM-patients and 23 (53%)
HDM-patients, p < 0.0001. The mean time until platelets were
20 X 10°/L or more was shorter in the BBM-cohort; 11.3 (+1.60)
days versus 13.2 (+3.16) for HDM-patients, p < 0.001. The average
time until engraftment was 13.7 (+2.11) days for BBM-patients,
and 14.1 (£3.63) for HDM-patients, p = 0.54. Twenty BBM-
and 17 HDM-patients were treated in outpatient care for at
least some part of the period of neutropenia. The average time of
hospitalisation after stem cell infusion, including such outpatient
care, was 16.7 days (+4.38) for BBM-patients and 15.3 days (+2.57)
for HDM-patients, p = 0.074.
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TABLE 1 | Patient characteristics.

BBM (%) n=43 HDM (%) n =43 p-value
Age, years
Mean (range) 61.3 (41.0-71.4) 63.7 (42.8-71.1) 0.086
40-50 3(7.0) 1(2.3)
50-60 13 (30) 11 (26)
60-70 26 (60) 28 (65)
> 70 1(2.3) 3(7.0)
Sex
Female / Male 15(35) / 28 (65) 18 (42) / 25 (58) 0.50
Charlson Comorbidity Index at ASCT2
Mean (range) 1.70 (0-4) 2.23 (0-9) 0.47
0 3(10) 1(2.3)
1 12 (28) 10 (23)
2 24 (56) 22 (51)
3 3(10) 4(9.3)
4 1(2.3) 4(9.3) 017
5 — 1(2.3)
93 — 1(2.3)
Myeloma stage, according to Durie-Salmon
1A 5(12) 8(19)
1B 1(2.3) 0
2A 11 (26) 7 (16)
2B 1(2.3) 2(4.7)
3A 22(51) 20 (47)
3B 3(7.0) 6 (14)
Disease marker P
Monoclonal-protein 37 (86) 31(71)
Bence Jones 3(10) 8(19)
Serum free light chains 2(4.7) 4(9.3)
Oligosecretory 1(2.3) —
Non-secretory — —
Plasmacytoma
In first-line treatment 12 (28) 4(9.3) 0.026
In second-line treatment 7 (16) 2(4.7) 0.085
Depth of disease response at ASCT2
SD 6 (14) 4(9.3) 0.50
PR 22 (51) 21 (49)
VGPR or CR 15 (35) 18 (42) 0.51
Stem cells administered at ASCT®, mean
ASCT1 (range) 3.7(2.0-7.9) 4.1(2.0-11.5)
ASCT?2 (range) 3.7(21-7.9) 4.0 (1.8-9.2) 0.48
Months from diagnosis to ASCT1, mean (range) 5.7 (2.5-30) 10.4 (2.5-108)
Months from ASCTI to ASCT2, mean (range) 42.0 (6.2-107) 42.3(12.2-137)

Note: Demographics and myeloma characteristics of the BBM- and HDM-cohorts at diagnosis.

Abbreviations: ASCT1 = autologous haematopoietic stem cell transplantation in treatment line 1, ASCT2 = autologous haematopoietic stem cell
transplantation in treatment line 2, BBM = bortezomib-bendamustine-melphalan, CR = complete remission, HDM = high-dose melphalan, PR = partial
remission, SD = stable disease, VGPR = very good partial remission.

4The patient with Score 9 was the only patient needing intensive care and the only one who died within the first 100 days following ASCT.

YMain disease marker used for surveillance.

YExpressed as mean number of CD34 positive cells x10°/kilogram of body weight.
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TABLE 2 | Myeloma treatment.

BBM (%) Months HDM (%) Months
n=43 (range) n=43 (range) p-value

Induction in first-line

CyDex 4(9.3) 10 (23)

VCD 30 (70) 15 (35)

CTD 2(4.7) —

VelDex 3(7.0) 2(4.7)

VTD 1(2:3) 5(12)

VAD 3(7.0) 6 (14)

VRD — 3(7.0)

VelDex + CHVP — 1(2.3)

Radiotherapy 7 (16) 1(2.3)
Consolidation after ASCT1

Bortezomib — — 1(2.3) 3
Maintenance after ASCT1

Number of patients 2(4.7) 10 (23) 0.013

Pegylated interferon 1(2.3) 4(9.3) 0.081

Bortezomib — 4(9.3) 0.041

Ixazomib 1(2.3) —

Thalidomide — 1(2.3)

Lenalidomide — 5(12) 0.019
Induction in second-line

CyDex — 6(14)

VCD 28 (65) 6 (14)

CTD — 2(4.7)

VelDex 2(6.7) 7 (16)

VTD 3(7.0) 3(7.0)

VAD — 1(2.3)

CHVP 1(2.3) —

LenDex 7 (16) 1(2.3)

ThalDex — 1(2.3)

VRD 1(2.3) 4(9.3)

KD — 1(2.3)

KCD — 4(9.3)

DVD — 3(7.0)

Dara-LenDex — 1(2.3)

Dara-VTD — 4(9.3)

Bendamustine 1(2.3) —

Radiotherapy 5(2) 1(2.3)
Consolidation after ASCT2

Number of patients — 3(7.0) 0.078

Dara-VelDex — — 2(4.7) 1.2 (0.9-1.5)

Dara-VTD — — 1(2.3) 11

(Continues)
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TABLE 2 | (Continued)

BBM (%) Months HDM (%) Months
n=43 (range) n=43 (range) p-value
Maintenance after ASCT2
Number of patients 8(19) 15 (35) 0.088
Bortezomib 1 10 4 15(7.3-29) 0.081
Thalidomide 1 10 4 7.3 (5.1-9.3) 0.081
Lenalidomide 5 3.6 7 22 (1-42)
(11-6.3)
LenDex 2 6 (4.0-8.0) — —
PomDex 1 32 — —
Daratumumab used (in second-line) — 8(19) 0.003

Note: Myeloma treatment is given for patients in the BBM and HDM cohorts. Time expressed as mean (range). Before 2006, the induction treatment in first-
line was restricted to vincristine, adriamycin and dexamethasone. From 2006 to 2008, cyclophosphamide with dexamethasone was the predominant therapy of
choice. Since 2009, most patients were given bortezomib, most commonly in combination with cyclophosphamide and dexamethasone, with cyclophosphamide
being replaced by thalidomide for some patients. From 2018, lenalidomide was added to some patients in first-line induction treatment. In second-line treatment,
bortezomib was first used in 2008, and lenalidomide in 2013. In 2020, the first patients were treated with daratumumab and carfilzomib, respectively, thus only
used in the HDM-cohort.

Abbreviations: BBM = bortezomib-bendamustine-melphalan, CHVP = cyclophosphamide-doxorubicine-bortezomib-prednisolone, CTD = cyclophosphamide-
thalidomide-dexamethasone, CyDex = cyclophosphamide-dexamethasone, Dara-LenDex = daratumumab-lenalidomide-dexamethasone, Dara-VID =
daratumumab-bortezomib-thalidomide-dexamethasone, DVD = daratumumab-bortezomib-dexamethasone, HDM = high-dose melphalan, KCD = carfilzomib-
cyclophosphamide-dexamethasone, KD = carfilzomib-dexamethasone, LenDex = lenalidomide-dexamethasone, PomDex = pomalidomide-dexamethasone,
ThalDex = thalidomide-dexamethasone, VAD = vincristine-adriamycine-dexamethasone, VCD = Bortezomib-cyclophosphamide-dexamethasone, VelDex =

bortezomib-dexamethasone, VRD = bortezomib-lenalidomide-dexamethasone, VTD = bortezomib-thalidomide-dexamethasone.

3.5 | Primary Endpoint

The Kaplan-Meier estimated reduction in median TNT at ASCT2
compared to ASCT1 was 26% for BBM-patients and 39% for HDM-
patients, p = 0.198 (Figure 2).

3.6 | Secondary Endpoints

In Kaplan-Meier analysis, the decrease in median PFS after
ASCT2 compared to ASCT1 was significantly smaller in the
BBM-cohort, 15% compared to 39% in the HDM-cohort, p =
0.0122 (Figure 2). The median TNT after ASCT2 was 21.4 months
(CI 15.6-29.7) in the BBM-cohort, and 19.0 months (CI 14.3-39.6)
in the HDM-cohort, p = 0.84. The median PFS was 18.4 months
(CI 14.0-23.7) versus 15.4 months (CI 11.2-26.7), p = 0.92, and the
median OS was 72.2 (CI 40.8-125.3) months versus 51.5 months
(CI 29.5-81.4), p = 0.14. After 2 years, the OS was 88% for BBM-
and 79% for HDM-treated patients, p = 0.24. The TNT after
ASCT2 was on average 0.75 (+0.45) of the TNT after ASCT1 for
each individual patient in the BBM-cohort compared to 0.66
(+0.41) for the HDM-cohort, p = 0.41 (Figure 3). In each cohort, 21
patients had improved at least one step in depth of best response
(steps: stable disease, partial remission, very-good partial
remission/complete remission) from ASCT2 compared to after
ASCT1.

We conducted a univariable and multivariable regression analysis
to assess the most important confounders affecting TNT after
ASCT2. The analysis revealed that time between ASCT1 and
ASCT2 was the most important confounder, followed by the
Charlson Comorbidity Index and depth of best response prior to

ASCT2. In the multivariable analysis, conditioning with BBM was
associated with a 5.0-month longer TNT, p = 0.163 (Appendix S2).

3.7 | Safety

One patient in the BBM-cohort died 2.5 years after ASCT2,
from chronic diarrhoea that had begun at ASCT2. In the HDM-
cohort, one patient died 13 days after ASCT2, resulting in a
treatment-related mortality rate of 2.3%. The patient had prostate
cancer, diabetes mellitus type II, and developed influenza and
bacterial pneumonia in the neutropenic phase after ASCT2,
which was complicated by acute respiratory distress syndrome
and supraventricular arrhythmias.

In the BBM-cohort, 29 patients had died at the end of the study,
of which 25 cases were due to relapse or progressive disease, three
due to cardiovascular disease, and one from late complications of
ASCT described above. In the HDM-cohort, there were 27 deaths,
out of which 24 were due to relapse or progressive disease. Apart
from the ASCT-related case already described, one patient died of
sepsis and one from hyperinflammatory syndrome.

There was no statistically significant difference in the frequency
of the total number of AEs. Oral mucositis and hypokalaemia
were more common in the BBM-cohort, whereas nausea was
more common in the HDM group. In the BBM-cohort, 13 patients
received parenteral nutritional support, compared to 19 patients
in the HDM-cohort, p = 0.18. The most common severe AE
was febrile neutropenia in both cohorts. Febrile neutropenia
occurred in 26 BBM-patients versus 17 HDM-patients, p = 0.052
(Table 3).
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Time to next treatment for BBM-treated patients
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Progression-free survival for HDM-treated patients
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FIGURE 2 |

Time to next treatment and progression-free survival after ASCT1 and ASCT2. Comparison between ASCT2 and ASCTI for time to

next treatment and progression-free survival measured from the day of ASCT for the BBM- and HDM-cohorts. Abbreviations: ASCT1 = autologous

haematopoietic stem cell transplantation in treatment line 1, ASCT2 = autologous haematopoietic stem cell transplantation in treatment line 2, BBM =

bortezomib-bendamustine-melphalan, HDM = high-dose melphalan, PFS = progression-free survival, TNT = time to next treatment.

The most common microbiologically verified bacteraemias were
coagulase-negative staphylococci and Escherichia coli in both
cohorts. Intravenous antibiotics were used in 28 BBM- and 21
HDM-patients, p = 0.13. There were two cases of herpes zoster
in BBM-treated patients. Both patients had stopped antiviral
prophylaxis prematurely at the time of reactivation. There were
two cases of cytomegalovirus reactivation in the HDM-cohort,
one requiring intravenous treatment. There were no reactivations
of Epstein-Barr virus, no cases of invasive or systemic fungal
infection found in any patient and no cases of fatal COVID-19.

4 | Discussion

The primary finding of this retrospective cohort study is that
adding bortezomib and bendamustine to HDM as conditioning
treatment at ASCT in second-line for MM was associated with
a trend toward higher effectiveness in all endpoints, including
TNT, PFS and most notably OS. Patients treated with BBM had a
significantly smaller decline in PFS following ASCT2 compared to
ASCT1 than HDM-patients. AEs with BBM were manageable and
consistent with expectations for HDM alone, although a tendency
toward increased febrile neutropenia was observed.

To account for inter-patient variability, we used the difference in
TNT and PFS between ASCTI and ASCT2 within each cohort
to allow for better comparisons between the treatments. The
study design with a control group before and after the BBM-
period was chosen to reduce the likelihood that early patients

had a disadvantage in less effective treatment for MM, and
correspondingly, late patients benefited from an advantage. We
generally used medians as endpoints for that reason, and also to
reduce the risk of outliers affecting the results. In Figure 3, the
HDM curve crosses the BBM curve for TNT and PFS, most likely
because the HDM-cohorts were enrolled at different periods. In
contrast, no such pattern was observed for OS, which showed a
consistent, though not statistically significant, advantage for BBM
over HDM.

The reasons for any advantage of BBM are difficult to assess.
Potentially, sensitisation of bendamustine-exposed myeloma cells
to the effect of melphalan can play a role [23], and another is that
the triplet BBM combination might suppress certain myeloma
clones to a greater extent.

As BBM is a more intensive conditioning regimen, the trend
toward more febrile neutropenia should be given attention. The
frequency of febrile neutropenia was 52% in the early HDM-
cohort, compared to 27% in the latter, p = 0.0923. This indicates
that there was a diminished risk of febrile neutropenia over
time, which could have influenced the result. The more frequent
use of G-CSF in HDM-patients could be another reason. We
recommend watchfulness and strict adherence to preventive
actions to minimise the risk of febrile neutropenia if using the
BBM-protocol.

To our knowledge, this is the first study that evaluates BBM
as conditioning regimen for MM. The trend of superiority for
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FIGURE 3 | Time tonexttreatment, progression-free survival and overall survival after ASCT2. Time to next treatment, progression-free survival and
overall survival were measured from the day of ASCT2 for patients treated with BBM and HDM. Abbreviations: ASCT2 = autologous haematopoietic stem
cell transplantation in treatment line 2, BBM = bortezomib-bendamustine-melphalan, HDM = high-dose melphalan, PFS = progression-free survival.
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TABLE 3 | Severe adverse events.

BBM (%) n = 43

HDM (%) n = 43

Grade 3 Grade 4 Grade 3 Grade 4 Grade 5 p-value
Febrile neutropenia® 25 (58) 1(2.3) 15 (35) 1(2.3) 1(2.3) 0.052
Nausea 8(19) — 17 (40) — — 0.033
Diarrhoea 5(12) — 11 (26) — — 0.096
Oral mucositis 12 (28) — 2(4.7) — — 0.0035
Hypokalaemia® 10 (23) — 2(4.7) 1(2.3) — 0.035
Catheter-related infection 2(4,7) — 1(2.3) — —
(non-neutropaenic)®
Syncope 2(4.7) — — — —
Abdominal pain — — 1(2.3) — —
Acute kidney injury — — 1(2.3) — —
Acute respiratory distress syndrome — — — — 1(2.3)
Atrial fibrillation 1(2.3) — 1(2.3) — —
Back pain 1(2.3) — — — —
CMV reactivation — — 1(2.3) — —
Esophagitis — — 1(2.3) — —
Haemorrhagic cystitis — — 1(2.3) — —
Heart failure — — 1(2.3) — —
Hyperglycaemia 1(2.3) — — — —
Hypoalbuminaemia — — 1(2.3) — —
Hypocalcaemia — — 1(2.3) — —
Maculo-papular rash — — 1(2.3) — —
Supraventricular tachycardia — — 1(2.3) — —
Thromboembolic event 1(2.3) — 1(2.3) — —
Vascular access thrombosis — — 1(2.3) — —
Vomiting 1(2.3) — — — —

Notes: All Grade 3, 4 and 5 adverse events according to CTCAE v5.0 for all patients from the start of mobilisation to Day +100 after ASCT. Anaemia, neutropenia,
leukopenia and thrombocytopenia, as well as transient alopecia and amenorrhoea, were expected during the first weeks after ASCT and were not included.
Abbreviations: BBM = bortezomib-bendamustine-melphalan, HDM = high-dose melphalan.

2Febrile neutropenia comprises all episodes of fever (according to CTCAE v5.0) regardless of clinical infection occurring during the neutropenic phase following

stem cell mobilisation and conditioning.
YOccurring outside the neutropenic phase.

BBM over HDM is stronger in this study compared to previous
studies of either bortezomib or bendamustine in combination
with HDM. The IFM studies reported non-significant trends
of superiority for bortezomib and HDM conditioning despite
larger cohorts in the Phase III trial than in this study [17, 18].
It is possible that the addition of bendamustine in our study
improved the outcomes. The effectiveness was better in this study
compared to Mark and Gomez-Arteaga’s Phase I and II studies
of bendamustine and HDM conditioning, but they also reported
no increase in toxicity [24, 27]. It seems that adding a triplet
treatment as conditioning improves effectiveness and possibly
contributes to increased toxicity, as can be seen in the trend of
febrile neutropenia.

This BBM-protocol uses available and approved drugs for MM.
It takes three additional chronological days to administer, even
if Days —5 to —3 could be given in an outpatient setting. The

time to engraftment, although G-CSF was used more frequently
in the HDM-cohort, was comparable. The trend toward longer
hospitalisation after ASCT in the BBM-cohort might be explained
by the trend toward more febrile neutropenia as discussed above.

There are several limitations of this study due to its design
and rather small cohort sizes. First, much of the treatment and
management of MM has changed during this study period. How,
and to what extent, that impacted the results is difficult to judge.
Second, as the management of the patients was done in routine
care, local and individual traditions could have affected when,
how and how often patients were assessed, when treatment
was initiated, and which treatments were used. However, a
good example that the cohorts could be compared is the almost
identical time between ASCTI and ASCT2, 42.0 versus 42.3
months, respectively, a factor that has been repeatedly recognised
as the most important predictive factor of the effectiveness of
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ASCT2 [32]. This was confirmed in our regression analysis. Third,
as the cohorts were separated in time, there are relatively more
patients in the second HDM-cohort who have not yet progressed,
been treated or died at the time of data collection, which could
underestimate the effectiveness of HDM in the latter cohort.
Fourth, we did not include genetic risk status due to excessive
missing data, but most likely there were more genetically high-
risk patients included in the BBM-cohort, as only four patients
were excluded because of tandem transplantation, compared
to 25 patients in the HDM-cohort. Another limitation is the
retrospective design with the inherent risk of information bias
and uncontrolled confounders that could affect the results of the
study. The regression analysis identified the Charlson Comorbid-
ity Index, which was higher in the HDM-cohort, and depth of
best response at ASCT2, which was lower in the BBM-cohort, as
important factors affecting the TNT.

The use of either consolidation or maintenance therapy after
ASCT2 was 19% in the BBM-cohort and 42% in the HDM-cohort,
p = 0.019. However, maintenance was also used significantly less
for BBM-patients compared to HDM-patients after ASCT1, 4.7%
versus 23%, p = 0.013. Daratumumab was used in eight HDM-
patients as induction or consolidation treatment for ASCT?2.
Of these eight patients, two had PR at the time of ASCT2,
and six had achieved VGPR (75%), which can be compared
with 34% achieving VGPR or better in the rest of the HDM-
cohort, p = 0.034, and 35% in the BBM-cohort at ASCT2. The
more frequent use of consolidation and maintenance, including
daratumumab, could constitute an advantage for HDM in this
study.

In conclusion, compared with standard HDM, the BBM-protocol
in ASCT2 was associated with a smaller decline in PFS relative to
ASCT1. Patients treated with BBM also showed a consistent trend
toward improved outcomes across other measures, particularly
OS. These findings suggest that BBM may help preserve efficacy
in the setting of repeated transplantation and underscore the need
for larger prospective studies to confirm these results.
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