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Abstract

Introduction Autologous stem cell transplantation (ASCT) is the standard treatment for younger patients with newly diag-
nosed multiple myeloma (MM). However, due to restrictive exclusion criteria, more than half of eligible patients are usually
excluded from transplant studies.

Methods This retrospective monocentric analysis included 540 patients with MM who received an ASCT between 1996
and 2019.

Results Up to 2005, induction therapy consisted mainly of conventional chemotherapies, e.g. vincristine/doxorubicin/dexa-
methasone (VAD). In the following years, the triple-combinations based on bortezomib coupled with doxorubicin/dexametha-
sone (PAD), melphalan/prednisolone (VMP), cyclophposphamide/dexamethasone (VCD) or bendamustine/prednisolone
(BPV) became the most popular treatment options. A progressive improvement in PFS was observed in patients treated
with the two current induction therapies BPV (47 months) or VCD (54 months) compared to VAD (35 months, p <0.03),
PAD (39 months, p<0.01 and VMP (36 months, p <0.01). However, there was no significant difference in median OS
(VAD 78, PAD 74, VMP 72, BPV 80 months and VCD not reached). In our analysis, we also included 139 patients who do
fulfill at least one of the exclusion criteria for most phase 3 transplant studies (POEMS/amyloidosis/plasma cell leukemia,
eGFR <40 mL/min, severe cardiac dysfunction or poor general condition). Outcome for these patients was not significantly
inferior compared to patients who met the inclusion criteria for most of the transplant studies with PFS of 36 vs 41 months
(p=0.78) and OS of 78 vs 79 months (p =0.34).

Conclusions Our real-world data in unselected pts also stress the substantial value of ASCT during the first-line treatment
of younger MM pts.

Keywords Multiple myeloma - Autologous stem cell transplantation - Bortezomib - Real-world evidence

Introduction

Multiple Myeloma (MM), the second most common hema-
tologic malignancy, has an estimated incidence of more
than nine cases per 100,000 with around 7600 new cases in
Germany in 2020 (Robert Koch-Institut, 2020). The median

D4 Song-Yau Wang age at MM diagnosis is 73 years with approximately 35% of
Song-Yau.Wang @medizin.uni-leipzig.de patients being younger than 65 years (Klausen et al. 2019).
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Myélome (IFM) 90 study was the first to demonstrate the
superiority of ASCT over conventional chemotherapy (Attal
et al. 1996). A meta-analysis examined nine randomized
studies that compared conventional chemotherapy with
high-dose chemotherapy and ASCT (Koreth et al. 2007). In
most of these studies, ASCT significantly improved the rate
of complete response (CR) and progression-free survival
(PES), although an overall survival (OS) benefit could only
be demonstrated in three studies. Before the era of novel
agents, the combination of vincristine, doxorubicin and
dexamethasone (VAD) had long been the standard induc-
tion regimen prior to ASCT (Barlogie et al. 2006; Sonneveld
et al. 2012). Trials published in the ASCT setting showed
an overall response rate (ORR) ranging from 32 to 85% (CR
2-8%) after 2—4 VAD cycles and an ORR of 68-93% (CR
9-29%) after ASCT with a median PFS of 22-29 and OS
of 47-70 months. In the last 15 years, the introduction of
novel agents, particularly bortezomib, into induction therapy
for transplant-eligible patients has markedly improved the
management of MM. In the IFM 2005-01 study, bortezomib
plus dexamethasone was shown to be a highly active induc-
tion treatment prior to ASCT, resulting in an ORR of 79%
and a CR rate of 6% after induction therapy, and an ORR of
80% and a CR rate of 16% after subsequent ASCT, with a
median event-free survival of 36 months and an OS of 81%
at 3 years (Harousseau et al. 2010). Further intensification of
the induction regimen to include three-drug combinations of
bortezomib with alkylating chemotherapy (e.g. cyclophos-
phamide, bendamustine), anthracycline (doxorubicin) or
immunomodulatory drugs (thalidomide and lenalidomide)
has resulted in superior ORR and PFS. These triple combi-
nations resulted in clinically relevant improvements in ORR
(63-93%) and CR rate (7-35%) after induction therapy as
well as increasing ORR (79-97%) and CR rates (21-44%)
after ASCT with a median PFS of 35-55 months and a
3-year OS of 75-90% (Cavo et al. 2010; Moreau et al. 2011;
Sonneveld et al. 2012; Sonneveld et al. 2013; Mai et al.
2015; Mateos et al. 2015; Attal et al. 2017; Tacchetti et al.
2020). These studies are also used to evaluate the efficacy
and tolerability of the respective combination therapy and
potentially resulting approvals. However, due to restrictive
inclusion and exclusion criteria, more than half of patients
with newly diagnosed MM (NDMM) are routinely excluded
from randomized phase 3 trials with ASCT (Blimark et al.
2018; Klausen et al. 2019). In contrast, we included addi-
tional patients with kidney failure (estimated glomerular fil-
tration rate (eGFR) <40 mL/min), congestive heart failure
(left ventricular ejection fraction <40%), WHO performance
status > 2 and other severe comorbidities in our study. With
the aim of reflecting more closely on the conditions of rou-
tine practice in the changing treatment landscape, we con-
ducted a retrospective study to determine the feasibility and
efficacy for all NDMM patients treated in the Department
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of Hematology and Oncology at the University of Leipzig
with a single, tandem ASCT or autologous/reduced-intensity
conditioning allogeneic (auto-RICallo) SCT in the period
from 1996 to 2019.

Methods
Patients

This retrospective analysis included all consecutive patients
with NDMM who received first-line induction therapy fol-
lowed by high-dose therapy and subsequent ASCT in the
university hospital of Leipzig between January 1st, 1996
and December 31st, 2019. The data were collected from
an electronic database containing patient records. All
patients had a histologically or cytologically proven MM
with symptomatic disease based on the CRAB-criteria of
the International Myeloma Working Group IMWG) (Raj-
kumar et al. 2014). Patients with significantly compromised
general conditions were also considered. For better com-
parability, we have deployed the main exclusion criteria of
the four-phase 3 studies [StaMINA trial (Stadtmauer et al.
2019); IFM2013-04 trial (Moreau et al. 2016); IFM2009
trial (Attal et al. 2017) and the EMNO02/HO95 trial (Cavo
et al. 2020)], which were also used by Klausen et al. (2019):
POEMS/amyloidosis/plasma cell leukemia, eGFR <40 mL/
min, severe cardiac dysfunction (NYHA classification III-
IV, ejection fraction <40%), poor general condition caused
mainly by MM with an Eastern Cooperative Oncology
Group performance status (ECOG) 3/4, prior malignancies
within 5 years or other severe comorbidities. All patients
gave written informed consent for the applied treatment and
the use of anonymized personal data for clinical research.
This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics
Committee of the Medical Faculty, Leipzig University (IRB
00,001,750; registration number 118/18-¢).

Treatment protocols

The most commonly used induction treatments included
VAD, bortezomib, melphalan and prednisone (VMP), ben-
damustine, prednisone and bortezomib (BPV), bortezomib
and dexamethasone (VD), bortezomib, adriamycin and dexa-
methasone (PAD) and bortezomid, cyclophosphamide and
dexamethasone (VCD).

Peripheral blood stem cell (PBSC) collection was per-
formed 2-3 weeks after induction treatment. The mobili-
zation regimen consisted of cyclophosphamide 4 g/m* or
in case of severe renal insufficiency or preexisting heart
disease 2 g/m>. All patients received G-CSF (2x 5 pg/kg)
until the completion of stem cell collection. PBSC collection
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was started when the required number of CD 347 cells
(>20x 10%L) was detected in peripheral blood. The target
for all patients was to collect stem cells for two to three
transplants. In patients with a poor stem cell yield in the
first leukapheresis session, plerixafor was added before the
next apheresis.

The pre-transplantation conditioning therapy consisted of
melphalan 200 mg/m?. In case of concomitant heart amy-
loidosis or severe renal insufficiency, the dose of melphalan
was reduced to 100 or 140 mg/m?. G-CSF (5 pg/kg body
weight) was given on day 4 after stem cell reinfusion and
continued until reconstitution of leukocytes > 1.0x 10°/L.

Definition of response

Evaluation of response was based on the international uni-
form response criteria for multiple myeloma (Durie et al.
2006). In addition, the terms ‘near complete response’ (nCR)
was included. Treatment responses were verified after the
end of induction therapy and three months after the first
ASCT. OS was measured from the start of induction treat-
ment to the time of death, and PFS from the start of induc-
tion treatment to the time at which a relapse, progression or
death was observed. The degree of improvement of renal
function was assessed according to the criteria of the IMWG
consensus statement (Dimopoulos et al. 2010).

Evaluation of efficacy

Patients were examined within seven days prior to initiation
of induction therapy. Staging was performed for each patient
comprising medical history, physical examination including
a detailed neurological examination, determination of World
Health Organization Performance Status, determination of
laboratory parameters (including p,-microglobulin, serum
protein, serum protein electrophoresis, myeloma typing of
serum and urine, serum-free light chain assay (Freelite®),
serum creatinine, serum calcium and C-reactive protein),
electrocardiogram, low dose CT and bone marrow exami-
nation. Myeloma protein concentration was determined by
the integral of the area under the myeloma protein curve
(based on electrophoresis data) and by relating it to the total
serum protein. Renal function was assessed by the eGFR
using the Modification of Diet in Renal Disease (MDRD)
formula (Levey et al. 1999). Patients were followed-up at 3
to 4-weekly intervals during the period of induction therapy/
ASCT and thereafter at 12-weekly intervals until disease
progression.

Statistical methods

Descriptive statistics were calculated for demographic
and baseline variables. Regarding survival follow-up, the

data set was freezed on May 15th, 2020. All patients who
commenced treatment until this date were included in the
analysis. OS and PFS were estimated by the Kaplan—-Meier
method. Survival curves are compared by Log Rank tests
(IBM SPSS Statistics, Version 24). Transplant-related
mortality (TRM) was determined as death from any cause
other than progression or relapse before day + 100 from the
first ASCT. p-values of group differences were calculated
applying the Wilcoxon rank-sum test or Student’s t-test.
Categorical variables were compared using the x 2-test.
p-values < 0.05 were considered significant.

Results
Patient characteristics

This retrospective analysis included 540 patients with
NDMM treated with induction therapy followed by ASCT
in the first-line therapy. Baseline demographics and disease
characteristics are shown in Table 1. Median age at diag-
nosis was 59 (range 29-75) years. There were 203 females
(38%) and 337 males (62%).

Response and survival

The majority of patients (n=430; 80%) responded after
induction therapy with 21 stringent complete response
(sCR) (4%), 11 CR (2%), 31 nCR (6%), 101 very good
partial response (VGPR) (19%) and 266 partial response
(PR) (49%). The median duration from the start of induc-
tion therapy to first ASCT was 159 (range 59-517) days.
After the first ASCT, the ORR increased to 97% with 76
sCR (14%), 41 CR (8%), 88 nCR (16%), 168 VGPR (31%)
and 149 PR (28%). TRM was 0.6% (n=3), with two patients
dying due to septicemia and one patient with intracerebral
hemorrhage. With a median follow-up of 85 months, the
median PFS was 39 (95% CI 36.7—41.3) and median OS 79
(95% CI 74.1-83.9) months. In accordance with the Dan-
ish MM registry (Klausen et al. 2019), we also included
139 (26%) patients in our analysis, who fulfilled at least
one of the exclusion criteria for most clinical phase 3 trans-
plant studies [POEMS/amyloidosis/plasma cell leukemia
(n=18, 3%), eGFR <40 mL/min (n=73, 14%), severe car-
diac dysfunction (n=15, 3%), ECOG 3/4 (n=30, 6%), prior
malignancies within 5 years (n=21, 4%) and other severe
comorbidities (n="7, 1%)]. Outcome for these patients was
not significantly inferior compared to those meeting the
inclusion criteria for the majority of transplant studies: PFS
of 36 vs 41 months (p=0.78) and OS of 78 vs 79 months
(p=0.34) (Fig. 1 a, b). There was also no difference between
the groups in terms of the > CR rate (37/139, 27% vs 80/401,
20%, p=0.10).
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Table 1 Patient characteristics

. Parameter Cohort 1 Cohort 2 Cohort 3 Cohort 4
of 340 newly diagnosed 1996-2005 2006-2010 2011-2015 2016-2019
multiple myelomg patlen.ts n=71 n=125 n=191 =153
grouped in four time-periods
d.ependi.ng on the time of Median age, 57 59 59 62
diagnosis years (range) (31-70) (41-70) (29-71) (40-75)
ECOG 0/1, n (%) 45 (81) 85 (71) 98 (52) 97 (64)
>2,n (%) 10 (19) 34 (29) 92 (48) 55 (36)
Unavailable, n 16 6 1 1
MM-Type
1gG, n (%) 43 (61) 62 (50) 99 (52) 80 (52)
IgA, n (%) 11 (15) 28 (22) 37(19) 36 (24)
IgD, n (%) 0 1(1) 1(1) 2(2)
Light chain, n (%) 15 (21) 26 (21) 53 (28) 34 (22)
Asecretory, n (%) 2(3) 8 (6) 1(1) 1(1)
ISS
I,n (%) 24 (61) 66 (54) 94 (49) 78 (51)
1L, n (%) 8 (21) 28 (23) 59 (31) 45 (29)
1, n (%) 7 (18) 28 (23) 38 (20) 30 (20)
Unavailable, n 32 3 0 0
Cytogenetics®
High-risk®, n (%) 0 8 (13) 33 (23) 38 (32)
Standard-risk, n (%) 16 (100) 52 (87) 110 (77) 81 (68)
Unavailable, n 55 65 48 34
Transplant methods®
Single ASCT, n (%) 40 (56) 62 (50) 158 (83) 134 (86)
Tandem ASCT, n (%) 6(8) 49 (39) 12 (6) 15 (10)
Auto-RICallo-SCT, n (%) 25 (35) 1411 21 (11) 4(3)
Maintenance (IMiDs), n (%) 4 (6) 7 (6) 27 (14) 75 (49)
Median PFS (months) 39 36 39 43
Median OS (months) 80 78 74 nr

Abbreviation: nr not reached

 Results available from 338 patients

b High-risk: del(17p), #(4;14), t(14;16), 1(16;20)
Single ASCT: n=394, tandem ASCT n =82, auto-RICallo-SCT n=64

Outcome according to the time of MM diagnosis

According to the time of MM diagnosis, we divided the
patients into four cohorts. Cohort 1 comprises 71 patients
with their first MM diagnosis between 1996 and 2005,
cohort 2 125 patients between 2006 and 2010, cohort
3 191 patients between 2011 and 2015 and cohort 4 153
patients between 2016 and 2019 (Table 1). The median
age at diagnosis increased from 57 (range 31-70) years in
the first cohort up to 62 (range 40-75) years in the period
after 2015 (p <0.001). There was no difference between the
four cohorts regarding the subtype of MM and ISS stage.
In the later period after 2010, we transplanted significantly
more patients with a moderately/severe restricted general
condition (ECOG >2) (p<0.01). Between the first and last
cohorts, there was a significant increase in both the > VGPR

@ Springer

rate (39 vs 81%, p<0.001) and the > CR rate (11 vs 25%,
p <0.03) after the first ASCT. However, there was no sig-
nificant difference in PFS between the four cohorts (39 vs 36
vs 39 vs 43 months; p> 0.05) (Fig. 2 a). While no improve-
ment was seen in the OS during the first three cohorts, the
survival of the patients treated within the last four years was
significantly better (p <0.01) (Fig. 2 b). The 48-months OS
for patients diagnosed in the last cohort was 85% compared
with 61% in cohort 1, 74% in cohort 2 and 76% in cohort
3. Based on EMA approval, 75 patients received lenalido-
mide maintenance therapy since 2017. With a short median
follow-up time of only 17 months, there was no significant
benefit in PFS and OS for the patients on maintenance ther-
apy. No consolidation therapy was performed due to the lack
of EU approval.
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Fig. 1 Progression-free survival (PFS) (a) and overall survival (OS)
(b) of 139 patients who do not fulfill the most commonly used inclu-
sion criteria of ASCT studies compared to 401 study-eligible patients.
Outcome for those patients who did not meet the inclusion crite-
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Fig.2 Progression-free survival (PFS) (a) and overall survival (OS)
(b) according to time of MM diagnosis: 1996-2005 (n=71), 2006—
2010 (n=125), 2011-2015 (n=191) and 2016-2019 (n=153).
There was no significant difference in median PFS between the four
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ria was not significantly inferior to the outcome of those meeting
the inclusion criteria for the majority of transplant studies: median
PES (36 vs 41 months; p=0.78) and median OS (78 vs 79 months;
p=0.34)
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cohorts (39 vs 36 vs 39 vs 43 months). While no improvement was
seen in the median OS during the first three cohorts, the survival of
the patients treated within the last four years was significantly better
(p<0.01)
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Fig.3 Changing landscape of induction therapies prior to autologous
stem cell transplantation in 540 patients divided into four cohorts
over time from 1996 to 2019. VAD: vincristine, adriamycin and
dexamethasone; VMP: bortezomib, melphalan and prednisone; BPV:
bendamustine, prednisone and bortezomib, VD: bortezomib and
dexamethasone; PAD: bortezomb, adriamycin and dexamethasone;

Impact of induction therapies

In the last 25 years, we applied a large variety of different
induction therapies to reduce tumor burden prior to ASCT
(Fig. 3). In the first period up to 2005, induction therapy
consisted mainly of conventional chemotherapies, e.g. VAD,
VCAP (vincristine, cyclophosphamide, adriblastin, predni-
solone) or BP (bendamustine and prednisolone). Follow-
ing the introduction of the new substances starting in 2006,
bortezomib-containing therapies progressively replaced con-
ventional chemotherapies. VMP, which was only approved
for non-transplant eligible patients, was temporarily used by
us as induction therapy in transplant-eligible patients dur-
ing the period pending approval of bortezomib-containing
induction therapies prior to ASCT. From 2011 onwards, the
triple-combination of PAD, VCD and BPV became the most
frequent treatment options. Table 2 summarizes the patient
characteristics and basic information on therapy for the most
commonly used induction regimens. Response rates after
induction treatment and first ASCT are shown in Table 3.
After completion of induction therapy, the ORR in patients
treated with conventional chemotherapy VAD was only
66% with a> VGPR rate of 14% and a > CR rate of 2%. The
implementation of various bortezomib-containing regimens
significantly improved the ORR to 77-86% (p < 0.005), with
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VMP (n=93)

I
2011-2015 2016-2019
VD(n=33) mVAD (n=95) others (n=51)

VCD: bortezomid, cyclophosphamide and dexamethasone. Others:
Regimens used up to and including 2010: VCAP (vincristine, cyclo-
phosphamide, adriblastin, prednisolone), BP (bendamustine and pred-
nisolone) and from 2011: VTD (bortezomib, thalidomide and dexa-
methasone), VRD (bortezomid, lenalidomide and dexamethasone),
DVD (daratumumab, bortezomib and dexamethasone)

a> VGPR rate between 29 and 41% (p <0.001) and a>CR
rate between 3 and 11% (p =0.09). The majority of BPV-
treated patients (n=141; 83%) responded after a median of
2 (range 1-6) 3-weekly induction cycles with 10 sCR (6%),
4 CR (2%), 12 nCR (7%), 40 VGPR (24%) and 75 PR (44%).
In contrast, the other induction regimens required longer
treatment periods to achieve comparable response rates [e.g.
median 3 (range 1-4) 3-weekly PAD cycles (p <0.005) or
median 4 (range 2-6) 3-weekly VCD cycles (p <0.001)].
This resulted in a significantly shorter time between ini-
tiation of BPV induction therapy and the start of stem cell
mobilization e.g. BPV median 71 (range 26-309) days vs
PAD median 89 (range 59-183) days (p <0.01) or VCD
median 102 (range 45-198) days (p <0.001). There was no
significant difference between various induction therapies
in the median number of apheresis (1-2) performed and
the median yield of CD347" cells (6.5-14.2x 10° CD34*
cells/kg) harvested (Table 2). It was remarkable that a suf-
ficient number of stem cells could also be collected after
VMP induction. The median time from the start of induc-
tion treatment to ASCT was also significantly shorter in the
BPV group at 120 (range 68—431) days compared to VCD
154 (range 98-286) days (p <0.01), PAD 156 (93-328)
days (p <0.03), VMP 169 (87-363) days (p <0.001), VD
185 (95-330) days (p <0.001) and VAD 195 (59-517)
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Table 2 Patient characteristics depending on the most commonly used induction regimens prior to ASCT and basic information on induction
and stem cell mobilization

Parameter VAD VMP BPV VD PAD VCD
n=95 n=93 n=169 n=33 n=29 n="70
Median age, years (range) 57 59 60 60 61 63
(38-70) (41-71) (32-75) (40-73) (48-71) (29-72)
eGFR (mL/min)
>60, n (%) 60 (73) 73 (80) 116 (69) 27 (82) 23 (79) 54 (78)
30-59, n (%) 18 (22) 16 (18) 23 (14) 309 4(15) 12 (17)
15-29, n (%) 4(5) 1(D) 15(9) 309 2(7) 34)
<15,n (%) 1(1) 1(1) 15(9) 0 0 1(1)
Unavailable, n 12 2 0 0 0 0
Number of cycles median (range) 4 2 2 5 3 4
(2-6) (1-6) (1-6) (2-8) 1-4) (2-6)
Time to start mobilization®, days, median (range) 156 102 71 121 89 102
(59-352) (42-310) (26-309) (56-240) (59-183) (45-198)
CD34%cells (x 106/kg), median (range) 12.6 10.3 13.5 14.2 6.5 119
(3.3-70.6) (2.5-30.5) (1,7-31) (2.8-25.2) (1-26.7) (3.9-67.1)
Number of apheresis, median (range) 1 2 1 2 2 1
(1-3) 1-4) 1-4) 1-3) (1-3) (1-3)
Time to ASCT, days, median (range)b 195 169 120 185 156 154
(59-517) (87-363) (68-431) (95-330) (93-328) (98-286)

VAD: vincristine, adriamycin and dexamethasone; VMP: bortezomib, melphalan and prednisone, BPV: bendamustine, prednisone and borte-
zomib; VD: bortezomib and dexamethasone; PAD: bortezomb, adriamycin and dexamethasone; VCD: bortezomid, cyclophosphamide and dexa-
methasone

2Time from start induction treatment to stem cell mobilization

>Time from start induction treatment to ASCT

Table 3 Best confirmed Parameter VAD VMP BPV VD PAD VCD

hematological response after n=95 n=93 =169 n=33 n=29 n=70
completion of induction therapy
and three months after the first Response after induction
ASCT sCR, n (%) 1(1) 7 (8) 10 (6) 0 13) 1(1)
CR, n (%) 1(D) 303 4(2) 1(3) 0 1)
nCR, n (%) 0 9 (10) 12 (7) 309 1(3) 23)
VGPR, n (%) 11 (12) 10(11) 40 (24) 7(21) 10 (34) 16 (23)
PR, n (%) 50 (53) 43 (46) 75 (44) 17 (51) 13 (45) 39 (56)
>CR, n (%) 2(2) 10(11) 14(8) 1(3) 1(3) 2(3)
>VGPR, n (%) 13 (14) 29(31) 66 (39) 11(33) 12 (41) 20(29)
ORR, n (%) 64 (66) 72(77) 141(83) 28 (85) 25(86) 59(84)
Response after first ASCT
sCR, n (%) 5() 12 (13) 3521 5(15) 5017) 5@
CR, n (%) 7(7) 7(8) 13 (8) 2 (6) 27 4(6)
nCR, n (%) 5() 17 (18) 33 (20) 4 (12) 11 (38) 13 (19)
VGPR, n (%) 26 (27) 23 (25) 56 (33) 13 (39) 5(17) 3347
PR, n (%) 48 (51) 32 (34) 29 (17) 8 (24) 5017) 11 (16)
>CR, n (%) 12(13) 19 (20) 48 (28) 7(21) 7(24) 9(13)
>VGPR, n (%) 43 (45) 59(63) 137 (81) 24(73) 23(79) 55(79)
ORR, n (%) 91 (96) 91(98) 166 (98) 32(97) 28(97) 66 (94)
Median PFS (months) 35 36 47 31 39 54
Median OS (months) 78 72 80 64 74 nr?

Italic values represent cumulative results

sCR: stringent complete response; CR: complete response; nCR: near-complete response; VGPR: very
good partial response; PR: partial response; ORR: overall response rate; nr: not reached

“Median observation time in the VCD group is only 21 months
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days (p <0.001). The conditioning therapy prior to ASCT
consisted of melphalan 200 mg/m?. In patients with con-
comitant severe renal or pre-existing cardiac impairment,
the melphalan dose was reduced to 100 mg/m? (n=28) or
140 mg/m? (n=68). Autografts contained between 1.1 x 10°
and 36.9 x 10° (median 5.2 x 10%) CD347 cells/kg. Engraft-
ment was successful in 539 of 540 patients. The ORR after
ASCT showed no difference between the patients initially
treated with VAD (96%) or with bortezomib-containing
therapies (97%). However, the > VGPR (45% vs 76%;
p<0.001) and the > CR rate (13% vs 23%; p <0.03) were
significantly higher with bortezomib-containing induction
regimens. The comparison of the various triple-combina-
tions based on bortezomib showed similar > VGPR and > CR
rates (Table 3). An improvement in PFS was observed in
patients treated with the two current induction therapies
BPV (47 months) or VCD (54 months) compared to patients
treated with the previously used VAD (35 months, p <0.03),
VMP (36 months, p <0.01), PAD (39 months, p <0.01) and
VD (31 months, p <0.005) (Fig. 4a). The very short follow
up time of only 21 months in the VCD group does not allow
a comparison of the OS with the other induction therapies
(Fig. 4b). Among the five other treatment groups, median
OS was not significantly different (BPV 80, VAD 78, VMP
72, PAD 74, VD 64 months).
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Fig.4 Progression-free survival (PFS) (a) and overall survival (OS)
(b) depending on different induction therapies. An improvement in
median PFS was observed in patients treated with the two current
induction therapies BPV (47 months) or VCD (54 months) com-
pared to patients treated with the previously used VAD (35 months,
p <0.03), VMP (36 months, p <0.01), PAD (39 months, p <0.01) and
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Role of auto, tandem-auto or auto-RICallo-SCT

Patients received either single ASCT (n=2394), or tan-
dem ASCT (n=282) or auto-RICallo SCT (n=64). In
particular, patients with partial response to first ASCT
were candidates for tandem ASCT or RICallo SCT until
2010. Later, a tandem or RICallo transplant was predomi-
nantly performed in patients with high-risk cytogenetics.
PFS in patients undergoing single ASCT was 39 and OS
80 months and in the tandem ASCT group, PFS was 39
and OS 78 months. Due to the different transplantation
approaches, we refrained from comparing the single to the
tandem transplant in our analysis. In 64 patients with an
HLA-identical sibling, a RICallo SCT was performed after
the first ASCT. The RIC regimen consisted of fludara-
bine 30 mg/m? for 3 days plus total-body irradiation 2 Gy
(Maloney et al. 2003; Bjorkstrand et al. 2011). There was
no difference in median PFS between auto-RICallo and
single/tandem transplanted patients (39 vs 39 months;
p=0.134) and OS (76 vs 79 months; p=0.964) (Fig. 5a,
b). Non-relapse mortality at 24 months was 9% in the auto-
RICallo group compared with 2% in the single/tandem
auto group (p <0.001). This resulted in a significantly
improved 24-month PFS (74 vs 62%; p <0.01) and OS
(92 vs 76%; p < 0.03) for autologous transplanted patients.
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VD (31 months, p<0.005). The very short follow-up time of only
21 months in the VCD group does not allow a comparison of the OS
with the other induction therapies. Median OS was not significantly
different between the five other treatment groups, (BPV 80, VAD 78,
VMP 72, PAD 74, VD 64 months)
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Fig.5 Progression-free survival (PFS) (a) and overall survival
(OS) (b) depending on transplant schedule: auto (n=394), tandem-
auto (n=82) or auto-RICallo-SCT (n=64). There was no differ-

However, there was a benefit for auto-RICallo compared to
the single/tandem auto patients in the long-term follow-up
after 120 months with a PFS of 25 vs 6% (p <0.03) and OS
32 vs 23% (p <0.03), respectively.

Impact of renal function

In total 187/518 evaluable patients (36%) had mild renal dys-
function (eGFR: 60-89 mL/min), 85 (16%) moderate renal
dysfunction (eGFR: 30-59 mL/min), 32 (6%) severe renal
dysfunction (eGFR: 15-29 mL/min) and 19 (4%) renal fail-
ure/dialysis (eGFR < 15 mL/min). The majority of patients
with severe renal dysfunction/ renal failure/dialysis (n=30;
59%) received induction treatment with BPV. We observed
no difference in median PFS between patients with mild,
moderate, severe renal dysfunction and renal failure/dialysis:
39 vs 37 vs 46 vs 34 months (p=0.58), and in median over-
all survival: 79 vs 79 vs 75 vs 78 months (p =0.72) (Fig. 6a,
b). Forty-one of the 51 patients with eGFR <30 mL/min
(80%) improved their renal function after the first ASCT.
Seventeen (33%) patients reached CRrenal, 5 (10%) patients
PRrenal and 19 (37%) patients MRrenal. Seven of the 11
dialysis-dependent patients became dialysis-independent.
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ence in median PFS between auto-RICallo and single/tandem trans-
planted patients (39 vs 39 months; p=0.134) and median OS (76 vs
79 months; p=0.964)

Discussion

In this retrospective study, we present the results of a
large, single-center-cohort of 540 unselected NDMM
patients treated with ASCT. In our analysis, the median
PFS of 39 months and OS of 79 months are comparable
to those observed in other ASCT studies conducted in the
last 30 years (Fermand et al. 1998; Harousseau et al. 2010;
Sonneveld et al. 2012). In addition to the 401 patients who
fulfill the restrictive criteria for inclusion in most clinical
phase 2/3 studies, our analysis included 139 patients with
at least one clinically relevant comorbidity, which would
usually have led to study exclusion. In this subgroup of MM
patients who did not fulfill the inclusion criteria for clinical
trials, but who were considered as transplant eligible by us,
PFS was shortened only slightly and OS was not reduced.
This is concordant with the results of the Danish MM regis-
try, which also found no difference in OS between these two
groups (Klausen et al. 2019). This suggests that in clinical
practice, significantly more patients could benefit from an
ASCT than are usually included in transplant studies.
During the last 20 years, there has been a complete shift
in pre-transplant induction therapies from conventional
chemotherapy to combination therapies using novel agents
(Nooka et al. 2013; Kumar et al. 2014). This change in
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Fig.6 Progression-free survival (PFS) (a) and overall survival (OS)
(b) according to the renal function: eGFR>60 mL/min (n=382),
eGFR 30-<60 mL/min (n=285), eGFR 15-<30 mL/min (n=32),
eGFR <15 mL/min (n=19). There was no difference in median PFS

induction therapy is mirrored in our retrospective analysis.
While VAD (75%) was the predominant conventional chem-
otherapy until 2005, a transition phase up to 2010 was fol-
lowed by a complete switch to bortezomib-containing com-
binations. The remission rates after ASCT achieved in our
first cohort up to 2005 with a CR rate of 11% and a> VGPR
rate of 39% are comparable to the CR rates between 6 and
44% and > VGPR rates between 36 and 57% in other trans-
plant studies using conventional chemotherapy induction
regimens (Koreth et al. 2007; Sonneveld et al. 2012; Nooka
et al. 2013). However, our observed PFS of 39 months and
OS of 80 months after induction therapy with VAD was
considerably longer than in most studies, comparable PFS
of 24 and 42 months and OS of 65 and 82 months being
achieved only with additional consolidation or maintenance
therapy (Fermand et al. 1998; Bladé et al. 2005; Gold-
schmidt et al. 2018). The reason for our favorable results in
the first cohort could be the high proportion of auto-RICallo
transplanted patients (35%), our early extensive implementa-
tion of thalidomide monotherapy starting in 2000 and our
use of triple combinations including thalidomide (Pénisch
et al. 2008) and bortezomib since 2004 (P6nisch et al. 2013)
in a relapse setting. After the introduction of bortezomib-
containing triple combinations (VMP, BPV, PAD and VCD)
in induction therapy, there was a significant improvement
in response rates after induction. In comparing these differ-
ent triple therapies, we found similar ORR between 77 and
86% and > VGPR rates between 29 and 41%. The median
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between patients with mild, moderate, severe renal dysfunction and
renal failure/dialysis (39 vs 37 vs 46 vs 34 months; p=0.58) and in
median OS (79 vs 79 vs 75 vs 78 months; p=0.72)

duration of BPV induction to achieve best response was only
6 weeks and thus significantly shorter than the 9-12 weeks
required for other bortezomib-containing triple combina-
tions. This shorter time to best response is clinically rel-
evant because rapid tumor control is usually associated with
a corresponding improvement in clinical symptoms and a
lower risk of bortezomib-associated polyneuropathy. The
mobilization and collection of stem cells were feasible and
effective among the various triple combinations, compara-
ble to the published data for PAD, VCD (Mai et al. 2015)
and BPV (Poenisch et al. 2015). It was remarkable, how-
ever, that a sufficient number of stem cells could also be
collected after VMP induction. The reason for this could be
the low cumulative dose of oral melphalan (median 72 mg/
m?) in the VMP induction, resulting in limited stem cell
toxicity. Following the first ASCT, the ORR of the differ-
ent bortezomib-containing triple combinations increased to
94-98% with a> VGPR rate between 63 and 81% and CR
rate between 13 and 28%. These response rates compare
favorably with those reported by Moreau et al. (2011); Sonn-
eveld et al. (2012); Moreau et al. (2019) and Goldschmidt
et al. (2020) for alternative bortezomib-based regimens
PAD, VCD and VTD. Both the BPV and VCD induction
therapies, which we have used preferentially since 2011, are
associated with a significantly better PFS compared to the
other triplets, although BPV had only a slightly (but not
statistically significant) better OS compared to the triplets
VMP and PAD. Compared to the bortezomib-containing
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triple combinations, the doublet bortezomib and dexametha-
sone showed significantly shorter PFS and OS despite the
significantly longer duration of induction therapy. Therefore,
our results indicate a higher efficacy of triplet compared to
doublet therapies. Our retrospective analysis found no dif-
ference in median PFS and OS between patients transplanted
with single and tandem ASCT, or auto-RICallo SCT. The
auto-RICallo transplant patients showed significantly better
long-term survival. However, a significantly increased early
mortality needs to be expected in the first few years. This
is in line with the results of the EBMT-NMAM?2000 study,
which compared auto-RICallo SCT with tandem ASCT in
a prospective phase 3 trial (Bjorkstrand et al. 2011). The
majority of patients with severe renal dysfunction or renal
failure/dialysis received an induction treatment with BPV.
As induction therapy, this combination has shown high effi-
cacy and good tolerability in both transplant-eligible and
non-transplant-eligible MM patients with renal impairment
(Ponisch et al. 2014; Poenisch et al. 2015; Holzhey et al.
2021). Specifically, this combination induced a rapid reduc-
tion in monoclonal LC production in the first few days of
treatment, potentially preventing the development of irre-
versible renal failure (Ponisch et al. 2015; Tessenow et al.
2017; Holzhey et al. 2021). The German-Speaking Myeloma
Multicenter Group (GMMG) previously reported that the
bortezomib-based triplet therapy PAD before ASCT could
overcome the negative prognostic impact of renal impair-
ment (Scheid et al. 2014). Our results confirm this for the
bortezomib-containing inductions used predominantly here,
as we found no differences in PFS and OS in patients with
severe renal impairment compared to patients with normal
or moderate restricted renal function.

In conclusion, our real-world data demonstrate the sub-
stantial value of ASCT as a first-line treatment for younger
MM patients. In addition to patients meeting restrictive
inclusion and exclusion criteria for clinical studies, patients
with relevant comorbidities (e.g. severe renal impairment)
classified as eligible for transplantation also benefit from an
ASCT. The risk profile of patients transplanted in our clinic
has changed substantially over the past 25 years: median
age increased from 57 to 62 years and significantly more
patients with reduced general condition (ECOG >2) were
transplanted. While conventional chemotherapy was admin-
istered until 2005 after a transitional phase from 2011, exclu-
sively bortezomib-based combinations became established
as induction therapy prior to ASCT. The different borte-
zomib-containing triplets resulted in similar ORR and OS.
Only improvement in PFS was observed in patients treated
with the two current induction therapies BPV and VCD in
comparison with the previously used VMP, PAD and the
doublet VD. In addition, the significantly shorter duration
of BPV induction therapy indicates a superior efficacy of

this combination compared to the other bortezomib-based
inductions.

Acknowledgements The authors declare that no funds, grants, or other
support were received during the preparation of this manuscript.

Author Contributions All authors contributed to the study’s conception
and design. Material preparation, data collection and analysis were
performed by Song-Yau Wang, Tanja Holzhey and Wolfram Po6nisch.
The first draft of the manuscript was written by Song-Yau Wang and
Wolfram Ponisch and all authors commented on previous versions of
the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The authors have no relevant financial or non-financial inter-
ests to disclose.

Declarations

Competing interests The authors declare no competing interests.

Conflict of interest The authors declare no conflict of interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Attal M, Harousseau JL, Stoppa AM, Sotto JJ, Fuzibet JG, Rossi JF,
Casassus P, Maisonneuve H, Facon T, Ifrah N, Payen C, Bataille
R (1996) A prospective, randomized trial of autologous bone mar-
row transplantation and chemotherapy in multiple myeloma. Inter-
groupe Frangais du Myélome. N Engl J Med 335:91-97. https://
doi.org/10.1056/NEJM199607113350204

Attal M, Lauwers-Cances V, Hulin C, Leleu X, Caillot D, Escoffre M,
Arnulf B, Macro M, Belhadj K, Garderet L, Roussel M, Payen C,
Mathiot C, Fermand JP, Meuleman N, Rollet S, Maglio ME, Zey-
toonjian AA, Weller EA, Munshi N, Anderson KC, Richardson
PG, Facon T, Avet-Loiseau H, Harousseau JL, Moreau P, IFM
2009 Study (2017) Lenalidomide, bortezomib, and dexametha-
sone with transplantation for myeloma. N Engl J Med 376:1311—
1320. https://doi.org/10.1056/NEJMoal611750

Barlogie B, Kyle RA, Anderson KC, Greipp PR, Lazarus HM, Hurd
DD, McCoy J, Moore DF Jr, Dakhil SR, Lanier KS, Chapman RA,
Cromer JN, Salmon SE, Durie B, Crowley JC (2006) Standard
chemotherapy compared with high-dose chemoradiotherapy for
multiple myeloma: final results of phase III US Intergroup Trial
S9321. J Clin Oncol 24:929-936. https://doi.org/10.1200/JCO.
2005.04.5807

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJM199607113350204
https://doi.org/10.1056/NEJM199607113350204
https://doi.org/10.1056/NEJMoa1611750
https://doi.org/10.1200/JCO.2005.04.5807
https://doi.org/10.1200/JCO.2005.04.5807

Journal of Cancer Research and Clinical Oncology (2023) 149:3739-3752

Bjorkstrand B, Iacobelli S, Hegenbart U, Gruber A, Greinix H, Volin

L, Narni F, Musto P, Beksac M, Bosi A, Milone G, Corradini P,
Goldschmidt H, de Witte T, Morris C, Niederwieser D, Gahrton
G (2011) Tandem autologous/reduced-intensity conditioning allo-
geneic stem-cell transplantation versus autologous transplantation
in myeloma: long-term follow-up. J Clin Oncol 29:3016-3622.
https://doi.org/10.1200/JC0O.2010.32.7312

Bladé J, Rosifiol L, Sureda A, Ribera JM, Diaz-Mediavilla J, Garcia-

Larafia J, Mateos MV, Palomera L, Fernandez-Calvo J, Marti JM,
Giraldo P, Carbonell F, Callis M, Trujillo J, Gardella S, Moro
MJ, Barez A, Soler A, Font L, Fontanillas M, San Miguel J,
Programa para elEstudio de la TerapéuticaenHemopatiaMaligna
(PETHEMA) (2005) High-dose therapy intensification compared
with continued standard chemotherapy in multiple myeloma
patients responding to the initial chemotherapy: long-term results
from a prospective randomized trial from the Spanish coopera-
tive group PETHEMA. Blood 106:3755-3759. https://doi.org/10.
1182/blood-2005-03-1301

Blimark CH, Turesson I, Genell A, Ahlberg L, Bjorkstrand B, Carl-

son K, Forsberg K, Juliusson G, Linder O, Mellqvist UH, Nahi
H, Kristinsson SY, Swedish Myeloma Registry (2018) Outcome
and survival of myeloma patients diagnosed 2008-2015. Real-
world data on 4904 patients from the Swedish Myeloma Registry.
Haematologica 103:506-513. https://doi.org/10.3324/haematol.
2017.178103

Cavo M, Tacchetti P, Patriarca F, Petrucci MT, Pantani L, Galli M,

Di Raimondo F, Crippa C, Zamagni E, Palumbo A, Offidani M,
Corradini P, Narni F, Spadano A, Pescosta N, Deliliers GL, Ledda
A, Cellini C, Caravita T, Tosi P, Baccarani M, GIMEMA Italian
Myeloma Network (2010) Bortezomib with thalidomide plus dex-
amethasone compared with thalidomide plus dexamethasone as
induction therapy before, and consolidation therapy after, double
autologous stem-cell transplantation in newly diagnosed multiple
myeloma: a randomised phase 3 study. Lancet 376:2075-2085.
https://doi.org/10.1016/S0140-6736(10)61424-9

Cavo M, Rajkumar SV, Palumbo A, Moreau P, Orlowski R, Bladé J,

Sezer O, Ludwig H, Dimopoulos MA, Attal M, Sonneveld P, Boc-
cadoro M, Anderson KC, Richardson PG, Bensinger W, Johnsen
HE, Kroeger N, Gahrton G, Bergsagel PL, Vesole DH, Einsele
H, Jagannath S, Niesvizky R, Durie BG, San Miguel J, Lonial
S, International Myeloma Working Group (2011) International
Myeloma Working Group consensus approach to the treatment
of multiple myeloma patients who are candidates for autologous
stem cell transplantation. Blood 117:6063-6073. https://doi.org/
10.1182/blood-2011-02-297325

Cavo M, Gay F, Beksac M, Pantani L, Petrucci MT, Dimopoulos MA,

Dozza L, van der Holt B, Zweegman S, Oliva S, van der Velden
VHJ, Zamagni E, Palumbo GA, Patriarca F, Montefusco V, Galli
M, Maisnar V, Gamberi B, Hansson M, Belotti A, Pour L, Ypma
P, Grasso M, Croockewit A, Ballanti S, Offidani M, Vincelli ID,
Zambello R, Liberati AM, Andersen NF, Broijl A, Troia R, Pas-
carella A, Benevolo G, Levin MD, Bos G, Ludwig H, Aquino S,
Morelli AM, Wu KL, Boersma R, Hajek R, Durian M, von dem
Borne PA, Caravita di Toritto T, Zander T, Driessen C, Spec-
chia G, Waage A, Gimsing P, Mellqvist UH, van Marwijk KM,
Minnema M, Mandigers C, Cafro AM, Palmas A, Carvalho S,
Spencer A, Boccadoro M, Sonneveld P (2020) Autologous haema-
topoietic stem-cell transplantation versus bortezomib-melphalan-
prednisone, with or without bortezomib-lenalidomide-dexameth-
asone consolidation therapy, and lenalidomide maintenance for
newly diagnosed multiple myeloma (EMNO02/HO95): a multi-
centre, randomised, open-label, phase 3 study. Lancet Haematol
7:e456—e468. https://doi.org/10.1016/52352-3026(20)30099-5

Dimopoulos MA, Terpos E, Chanan-Khan A, Leung N, Ludwig

H, Jagannath S, Niesvizky R, Giralt S, Fermand JP, Bladé J,
Comenzo RL, Sezer O, Palumbo A, Harousseau JL, Richardson

@ Springer

PG, Barlogie B, Anderson KC, Sonneveld P, Tosi P, Cavo M, Raj-
kumar SV, Durie BG, San MJ (2010) Renal impairment in patients
with multiple myeloma: a consensus statement on behalf of the
International Myeloma Working Group. J Clin Oncol 28:4976—
4984. https://doi.org/10.1200/JC0.2010.30.8791

Durie BG, Harousseau JL, Miguel JS, Bladé J, Barlogie B, Anderson

K, Gertz M, Dimopoulos M, Westin J, Sonneveld P, Ludwig H,
Gabhrton G, Beksac M, Crowley J, Belch A, Boccadaro M, Cavo
M, Turesson I, Joshua D, Vesole D, Kyle R, Alexanian R, Tricot
G, Attal M, Merlini G, Powles R, Richardson P, Shimizu K, Tosi
P, Morgan G, Rajkumar SV, International Myeloma Working
Group (2006) International uniform response criteria for multi-
ple myeloma. Leukemia 20:1467—-1473. https://doi.org/10.1038/
sj.leu.2404284

Fermand JP, Ravaud P, Chevret S, Divine M, Leblond V, Belanger C,

Macro M, Pertuiset E, Dreyfus F, Mariette X, Boccacio C, Brouet
JC (1998) High-dose therapy and autologous peripheral blood
stem cell transplantation in multiple myeloma: up-front or rescue
treatment? Results of a multicenter sequential randomized clinical
trial. Blood 92:3131-3136

Goldschmidt H, Lokhorst HM, Mai EK, van der Holt B, Blau IW,

Zweegman S, Weisel KC, Vellenga E, Pfreundschuh M, Kersten
MlJ, Scheid C, Croockewit S, Raymakers R, Hose D, Potamianou
A, Jauch A, Hillengass J, Stevens-Kroef M, Raab MS, Broijl A,
Lindemann HW, Bos GMJ, Brossart P, van Marwijk KM, Ypma
P, Duehrsen U, Schaafsma RM, Bertsch U, Hielscher T, Jarari L,
Salwender HJ, Sonneveld P (2018) Bortezomib before and after
high-dose therapy in myeloma: long-term results from the phase
I HOVON-65/GMMG-HDA4 trial. Leukemia 32:383-390. https://
doi.org/10.1038/leu.2017.211

Goldschmidt H, Mai EK, Diirig J, Scheid C, Weisel KC, Kunz C,

Bertsch U, Hielscher T, Merz M, Munder M, Lindemann HW,
Hiigle-Dorr B, Tichy D, Giesen N, Hose D, Seckinger A, Huhn S,
Luntz S, Jauch A, Elmaagacli A, Rabold B, Fuhrmann S, Brossart
P, Goerner M, Bernhard H, Hoffmann M, Hillengass J, Raab MS,
Blau IW, Hinel M, Salwender HJ, German-speaking Myeloma
Multicenter Group (GMMG) (2020) Response-adapted lenalido-
mide maintenance in newly diagnosed myeloma: results from the
phase Il GMMG-MMS trial. Leukemia 34:1853-1865. https://
doi.org/10.1038/s41375-020-0724-1

Harousseau JL, Attal M, Avet-Loiseau H, Marit G, Caillot D, Mohty

M, Lenain P, Hulin C, Facon T, Casassus P, Michallet M, Mai-
sonneuve H, Benboubker L, Maloisel F, Petillon MO, Webb I,
Mathiot C, Moreau P (2010) Bortezomib plus dexamethasone
is superior to vincristine plus doxorubicin plus dexamethasone
as induction treatment prior to autologous stem-cell transplanta-
tion in newly diagnosed multiple myeloma: results of the IFM
2005-01 phase III trial. J Clin Oncol 28:4621-4629. https://doi.
org/10.1200/JC0O.2009.27.9158

Holzhey T, Ponisch W, Wang SY, Holzvogt M, Holzvogt B, Andrea

M, Zehrfeld T, Hammerschmidt D, Hoffmann FA, Becker C,
Schwarzer A, Schwarz M, Schonfelder-Fricke U, Edelmann T,
Braunert L, Franke GN, Jentzsch M, Schwind S, Bill M, Grimm J,
Remane Y, Platzbecker U, Scholz M (2021) Prognostic impact of
rapid reduction of involved free light chains in multiple myeloma
patients under first-line treatment with bendamustine, prednisone,
and bortezomib (BPV). J Cancer Res Clin Oncol 147:2349-2359.
https://doi.org/10.1007/s00432-020-03504-3

Klausen TW, Gregersen H, Abildgaard N, Andersen NF, Frglund UC,

Gimsing P, Helleberg C, Vangsted AJ (2019) The majority of
newly diagnosed myeloma patients do not fulfill the inclusion
criteria in clinical phase III trials. Leukemia 33:546-549. https://
doi.org/10.1038/541375-018-0272-0

Robert Koch-Institut, Gesellschaft der Epidemiologischen Krebsreg-

ister. In: Deutschland EV 12. Auflage, Korrigierte Fassung vom
17.08.2020, Krebs in Deutschland 2015/2016, Berlin


https://doi.org/10.1200/JCO.2010.32.7312
https://doi.org/10.1182/blood-2005-03-1301
https://doi.org/10.1182/blood-2005-03-1301
https://doi.org/10.3324/haematol.2017.178103
https://doi.org/10.3324/haematol.2017.178103
https://doi.org/10.1016/S0140-6736(10)61424-9
https://doi.org/10.1182/blood-2011-02-297325
https://doi.org/10.1182/blood-2011-02-297325
https://doi.org/10.1016/S2352-3026(20)30099-5
https://doi.org/10.1200/JCO.2010.30.8791
https://doi.org/10.1038/sj.leu.2404284
https://doi.org/10.1038/sj.leu.2404284
https://doi.org/10.1038/leu.2017.211
https://doi.org/10.1038/leu.2017.211
https://doi.org/10.1038/s41375-020-0724-1
https://doi.org/10.1038/s41375-020-0724-1
https://doi.org/10.1200/JCO.2009.27.9158
https://doi.org/10.1200/JCO.2009.27.9158
https://doi.org/10.1007/s00432-020-03504-3
https://doi.org/10.1038/s41375-018-0272-0
https://doi.org/10.1038/s41375-018-0272-0

Journal of Cancer Research and Clinical Oncology (2023) 149:3739-3752

3751

Koreth J, Cutler CS, Djulbegovic B, Behl R, Schlossman RL, Mun-
shi NC, Richardson PG, Anderson KC, Soiffer RJ, Alyea EP 3rd
(2007) High-dose therapy with single autologous transplantation
versus chemotherapy for newly diagnosed multiple myeloma: a
systematic review and meta-analysis of randomized controlled
trials. Biol Blood Marrow Transplant 13:183-196. https://doi.org/
10.1016/j.bbmt.2006.09.010

Kumar SK, Dispenzieri A, Lacy MQ, Gertz MA, Buadi FK, Pandey
S, Kapoor P, Dingli D, Hayman SR, Leung N, Lust J, McCurdy
A, Russell SJ, Zeldenrust SR, Kyle RA, Rajkumar SV (2014)
Continued improvement in survival in multiple myeloma: changes
in early mortality and outcomes in older patients. Leukemia
28:1122-1128. https://doi.org/10.1038/leu.2013.313

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D (1999) A
more accurate method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Modification of Diet
in Renal Disease Study Group. Ann Intern Med 130:461-470.
https://doi.org/10.7326/0003-4819-130-6-199903160-00002

Mai EK, Bertsch U, Diirig J, Kunz C, Haenel M, Blau IW, Munder
M, Jauch A, Schurich B, Hielscher T, Merz M, Huegle-Doerr
B, Seckinger A, Hose D, Hillengass J, Raab MS, Neben K, Lin-
demann HW, Zeis M, Gerecke C, Schmidt-Wolf IG, Weisel K,
Scheid C, Salwender H, Goldschmidt H (2015) Phase III trial of
bortezomib, cyclophosphamide and dexamethasone (VCD) ver-
sus bortezomib, doxorubicin and dexamethasone (PAd) in newly
diagnosed myeloma. Leukemia 29:1721-1729. https://doi.org/10.
1038/leu.2015.80

Maloney DG, Molina AJ, Sahebi F, Stockerl-Goldstein KE, Sandmaier
BM, Bensinger W, Storer B, Hegenbart U, Somlo G, Chauncey T,
Bruno B, Appelbaum FR, Blume KG, Forman SJ, McSweeney P,
Storb R (2003) Allografting with nonmyeloablative conditioning
following cytoreductive autografts for the treatment of patients
with multiple myeloma. Blood 102:3447-3454. https://doi.org/
10.1182/blood-2002-09-2955

Mateos MV, Oriol A, Rosifiol L, de Arriba F, Puig N, Martin J, Mar-
tinez-Lopez J, Echeveste MA, Sarrd J, Ocio E, Ramirez G, Mar-
tinez R, Palomera L, Payer A, Iglesias R, de la Rubia J, Alegre A,
Chinea Al, Bladé J, Lahuerta JJ, San Miguel JF (2015) Bendamus-
tine, bortezomib and prednisone for the treatment of patients with
newly diagnosed multiple myeloma: results of a prospective phase
2 Spanish/PETHEMA trial. Haematologica 100:1096-1102.
https://doi.org/10.3324/haematol.2015.124818

Moreau P, Avet-Loiseau H, Facon T, Attal M, Tiab M, Hulin C, Doyen
C, Garderet L, Randriamalala E, Araujo C, Lepeu G, Marit G,
Caillot D, Escoffre M, Lioure B, Benboubker L, Pégourié B, Kolb
B, Stoppa AM, Fuzibet JG, Decaux O, Dib M, Berthou C, Cha-
leteix C, Sebban C, Traullé C, Fontan J, Wetterwald M, Lenain P,
Mathiot C, Harousseau JL (2011) Bortezomib plus dexamethasone
versus reduced-dose bortezomib, thalidomide plus dexamethasone
as induction treatment before autologous stem cell transplantation
in newly diagnosed multiple myeloma. Blood 118:5752-5758.
https://doi.org/10.1182/blood-2011-05-355081

Moreau P, Hulin C, Macro M, Caillot D, Chaleteix C, Roussel M,
Garderet L, Royer B, Brechignac S, Tiab M, Puyade M, Escoffre
M, Stoppa AM, Facon T, Pegourie B, Chaoui D, Jaccard A,
Slama B, Marit G, Laribi K, Godmer P, Luycx O, Eisenmann JC,
Allangba O, Dib M, Araujo C, Fontan J, Belhadj K, Wetterwald
M, Dorvaux V, Fermand JP, Rodon P, Kolb B, Glaisner S, Mal-
fuson JV, Lenain P, Biron L, Planche L, Caillon H, Avet-Loiseau
H, Dejoie T, Attal M (2016) VTD is superior to VCD prior to
intensive therapy in multiple myeloma: results of the prospective
IFM2013-04 trial. Blood 127:2569-2574. https://doi.org/10.1182/
blood-2016-01-693580

Moreau P, Attal M, Hulin C, Arnulf B, Belhadj K, Benboubker L, Béné
MC, Broijl A, Caillon H, Caillot D, Corre J, Delforge M, Dejoie
T, Doyen C, Facon T, Sonntag C, Fontan J, Garderet L, Jie KS,

Karlin L, Kuhnowski F, Lambert J, Leleu X, Lenain P, Macro M,
Mathiot C, Orsini-Piocelle F, Perrot A, Stoppa AM, van de Donk
NW, Wuilleme S, Zweegman S, Kolb B, Touzeau C, Roussel M,
Tiab M, Marolleau JP, Meuleman N, Vekemans MC, Westerman
M, Klein SK, Levin MD, Fermand JP, Escoffre-Barbe M, Eveil-
lard JR, Garidi R, Ahmadi T, Zhuang S, Chiu C, Pei L, de Boer
C, Smith E, Deraedt W, Kampfenkel T, Schecter J, Vermeulen J,
Avet-Loiseau H, Sonneveld P (2019) Bortezomib, thalidomide,
and dexamethasone with or without daratumumab before and after
autologous stem-cell transplantation for newly diagnosed multi-
ple myeloma (CASSIOPEIA): a randomised, open-label, phase 3
study. Lancet 394:29-38. https://doi.org/10.1016/S0140-6736(19)
31240-1

Nooka AK, Kaufman JL, Behera M, Langston A, Waller EK, Flowers

CR, Gleason C, Boise LH, Lonial S (2013) Bortezomib-contain-
ing induction regimens in transplant-eligible myeloma patients:
a meta-analysis of phase 3 randomized clinical trials. Cancer
119(23):4119-4128. https://doi.org/10.1002/cncr.28325

Poenisch W, Plotze M, Holzvogt B, Andrea M, Schliwa T, Zehrfeld

T, Hammerschmidt D, Schwarz M, Edelmann T, Becker C,
Hoffmann FA, Schwarzer A, Kreibich U, Gutsche K, Reifenrath
K, Schwarzbach H, Heyn S, Franke GN, Jentzsch M, Leiblein
S, Schwind S, Lange T, Vucinic V, AlAli HK, Niederwieser D
(2015) Stem cell mobilization and autologous stem cell trans-
plantation after pretreatment with bendamustine, prednisone
and bortezomib (BPV) in newly diagnosed multiple myeloma. J
Cancer Res Clin Oncol 141:2013-2022. https://doi.org/10.1007/
s00432-015-1984-4

Ponisch W, Rozanski M, Goldschmidt H, Hoffmann FA, Boldt T,

Schwarzer A, Ritter U, Rohrberg R, Schwalbe E, Uhlig J, Zehr-
feld T, Schirmer V, Haas A, Kreibich U, Niederwieser D, East
German Study Group of Haematology and Oncology (OSHO)
(2008) Combined bendamustine, prednisolone and thalidomide
for refractory or relapsed multiple myeloma after autologous
stem-cell transplantation or conventional chemotherapy: results
of a Phase I clinical trial. Br ] Haematol 143:191-200. https://doi.
org/10.1111/j.1365-2141.2008.07076.x

Ponisch W, Bourgeois M, Moll B, Heyn S, Jikel N, Wagner I, Rohrberg

R, Hurtz HJ, Schmalfeld M, ABmann M, Edelmann T, Mohren
M, Hoffmann FA, Becker C, Schwarzer A, Schonfelder U, Zehr-
feld T, Hensel G, Loschcke K, Krahl R, Ali HA, Niederwieser
D (2013) Combined bendamustine, prednisone and bortezomib
(BPV) in patients with relapsed or refractory multiple myeloma.
J Cancer Res Clin Oncol 139:499-508. https://doi.org/10.1007/
s00432-012-1339-3

Ponisch W, Holzvogt B, Plotze M, Andrea M, Bourgeois M, Heyn S,

Zehrfeld T, Hammerschmidt D, Schwarz M, Edelmann T, Becker
C, Hoffmann FA, Schwarzer A, Kreibich U, Gutsche K, Reifenrath
K, Winkelmann C, Krahl R, Remane Y, Hennig E, Schliwa T,
Lindner T, Kaiser T, Vucinic V, Behre G, Niederwieser D (2014)
Bendamustine and prednisone in combination with bortezomib
(BPV) in the treatment of patients with newly diagnosed/untreated
multiple myeloma. J Cancer Res Clin Oncol 140:1947-1956.
https://doi.org/10.1007/s00432-014-1737-9

Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G,

Mateos MV, Kumar S, Hillengass J, Kastritis E, Richardson P,
Landgren O, Paiva B, Dispenzieri A, Weiss B, LeLeu X, Zweeg-
man S, Lonial S, Rosinol L, Zamagni E, Jagannath S, Sezer O,
Kristinsson SY, Caers J, Usmani SZ, Lahuerta JJ, Johnsen HE,
Beksac M, Cavo M, Goldschmidt H, Terpos E, Kyle RA, Ander-
son KC, Durie BG, Miguel JF (2014) International Myeloma
Working Group updated criteria for the diagnosis of multiple
myeloma. Lancet Oncol 15:¢538-548. https://doi.org/10.1016/
S1470-2045(14)70442-5

Scheid C, Sonneveld P, Schmidt-Wolf IG, van der Holt B, el Jarari

L, Bertsch U, Salwender H, Zweegman S, Blau IW, Vellenga E,

@ Springer


https://doi.org/10.1016/j.bbmt.2006.09.010
https://doi.org/10.1016/j.bbmt.2006.09.010
https://doi.org/10.1038/leu.2013.313
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.1038/leu.2015.80
https://doi.org/10.1038/leu.2015.80
https://doi.org/10.1182/blood-2002-09-2955
https://doi.org/10.1182/blood-2002-09-2955
https://doi.org/10.3324/haematol.2015.124818
https://doi.org/10.1182/blood-2011-05-355081
https://doi.org/10.1182/blood-2016-01-693580
https://doi.org/10.1182/blood-2016-01-693580
https://doi.org/10.1016/S0140-6736(19)31240-1
https://doi.org/10.1016/S0140-6736(19)31240-1
https://doi.org/10.1002/cncr.28325
https://doi.org/10.1007/s00432-015-1984-4
https://doi.org/10.1007/s00432-015-1984-4
https://doi.org/10.1111/j.1365-2141.2008.07076.x
https://doi.org/10.1111/j.1365-2141.2008.07076.x
https://doi.org/10.1007/s00432-012-1339-3
https://doi.org/10.1007/s00432-012-1339-3
https://doi.org/10.1007/s00432-014-1737-9
https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1016/S1470-2045(14)70442-5

3752

Journal of Cancer Research and Clinical Oncology (2023) 149:3739-3752

Weisel K, Pfreundschuh M, Jie KS, Neben K, van de Velde H,
Duehrsen U, Schaafsma MR, Lindemann W, Kersten MJ, Peter N,
Hiinel M, Croockewit S, Martin H, Wittebol S, Bos GM, van Mar-
wijk-Kooy M, Wijermans P, Goldschmidt H, Lokhorst HM (2014)
Bortezomib before and after autologous stem cell transplantation
overcomes the negative prognostic impact of renal impairment
in newly diagnosed multiple myeloma: a subgroup analysis from
the HOVON-65/GMMG-HD4 trial. Haematologica. 99:148-154.
https://doi.org/10.3324/haematol.2013.087585

Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch
U, Salwender H, Zweegman S, Vellenga E, Broyl A, Blau IW,
Weisel KC, Wittebol S, Bos GM, Stevens-Kroef M, Scheid C,
Pfreundschuh M, Hose D, Jauch A, van der Velde H, Raymakers
R, Schaafsma MR, Kersten MJ, van Marwijk-Kooy M, Duehrsen
U, Lindemann W, Wijermans PW, Lokhorst HM, Goldschmidt
HM (2012) Bortezomib induction and maintenance treatment
in patients with newly diagnosed multiple myeloma: results of
the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin
Oncol 30:2946-2955. https://doi.org/10.1200/JC0O.2011.39.6820

Sonneveld P, Goldschmidt H, Rosifiol L, Bladé J, Lahuerta JJ, Cavo M,
Tacchetti P, Zamagni E, Attal M, Lokhorst HM, Desai A, Cakana
A, Liu K, van de Velde H, Esseltine DL, Moreau P (2013) Bort-
ezomib-based versus nonbortezomib-based induction treatment
before autologous stem-cell transplantation in patients with previ-
ously untreated multiple myeloma: a meta-analysis of phase III
randomized, controlled trials. J Clin Oncol 31:3279-3287. https://
doi.org/10.1200/JC0.2012.48.4626

Stadtmauer EA, Pasquini MC, Blackwell B, Hari P, Bashey A, Devine
S, Efebera Y, Ganguly S, Gasparetto C, Geller N, Horowitz MM,
Koreth J, Knust K, Landau H, Brunstein C, McCarthy P, Nelson

Authors and Affiliations

C, Qazilbash MH, Shah N, Vesole DH, Vij R, Vogl DT, Giralt S,
Somlo G, Krishnan A (2019) Autologous transplantation, consoli-
dation, and maintenance therapy in multiple myeloma: results of
the BMT CTN 0702 Trial. J Clin Oncol 37:589-597. https://doi.
org/10.1200/JCO.18.00685

Tacchetti P, Pantani L, Patriarca F, Petrucci MT, Zamagni E, Dozza L,

Galli M, Di Raimondo F, Crippa C, Boccadoro M, Barbato S, Tosi
P, Narni F, Montefusco V, Testoni N, Spadano A, Terragna C, Pes-
costa N, Marzocchi G, Cellini C, Galieni P, GIMEMA (Gruppo Ita
lianoMalattieEmatologichedell’Adulto Italian Myeloma Network)
(2020) Bortezomib, thalidomide, and dexamethasone followed by
double autologous haematopoietic stem-cell transplantation for
newly diagnosed multiple myeloma (GIMEMA-MMY-3006):
long-term follow-up analysis of a randomised phase 3, open-label
study. Lancet Haematol 12:e861-e873. https://doi.org/10.1016/
$2352-3026(20)30323-9

Tessenow H, Holzvogt M, Holzvogt B, Andrea M, Heyn S, Schliwa

T, Schwarz M, Zehrfeld T, Becker C, Pfrepper C, Franke GN,
Krahl R, Jentzsch M, Leiblein S, Schwind S, Bill M, Vucinic V,
Lange T, Niederwieser D, Ponisch W (2017) Successful treatment
of patients with newly diagnosed/untreated light chain multiple
myeloma with a combination of bendamustine, prednisone and
bortezomib (BPV). J Cancer Res Clin Oncol 143:2049-2058.
https://doi.org/10.1007/s00432-017-2439-x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Song-Yau Wang'® - Tanja Holzhey' - Simone Heyn' - Thomas Zehrfeld? - Susann Fricke? - Franz Albert Hoffmann3 -
Cornelia Becker® - Leanthe Braunert* - Thomas Edelmann® - Inessa Paulenz® - Marcus Hitzschke® - Franziska Flade” -
Andreas Schwarzer’ - Klaus Fenchel® - Georg-Nikolaus Franke' - Vladan Vucinic' - Madlen Jentzsch' -

Sebastian Schwind’ - Saskia Hell' - Donata Backhaus' - Thoralf Lange® - Dietger Niederwieser' - Markus Scholz'® -

Uwe Platzbecker' - Wolfram P6nisch’

Hematology and Cell Therapy, Medical Clinic and Policlinic
1, University Hospital Leipzig, University of Leipzig,
LiebigstraB3e 22, 04103 Leipzig, Germany

Hospital Torgau, Christianistrafe 1, 04860 Torgau, Germany

Hematology Practice, Biedermannstralie 84, 04277 Leipzig,
Germany

Hematology Practice, Theodor - Heuss-Str. 2,
04435 Schkeuditz, Germany

E Hospital Dessau, Auenweg 38, 06847 Dessau-RoBlau,
Germany

6 Hospital Borna, Rudolf-Virchow-Stralie 2, 04552 Borna,
Germany

@ Springer

Hematology Practice, Striimpellstralie 42, 04289 Leipzig,
Germany

Hematology Practice, Bahnhofstraie 12, 07318 Saalfeld,
Saale, Germany

Hospital WeiBlenfels, Naumburger Strafle 76,
06667 Weilenfels, Germany

Institute for Medical Informatics, Statistics and Epidemiology
(IMISE), University of Leipzig, Hartelstra3e 16-18,
04107 Leipzig, Germany


https://doi.org/10.3324/haematol.2013.087585
https://doi.org/10.1200/JCO.2011.39.6820
https://doi.org/10.1200/JCO.2012.48.4626
https://doi.org/10.1200/JCO.2012.48.4626
https://doi.org/10.1200/JCO.18.00685
https://doi.org/10.1200/JCO.18.00685
https://doi.org/10.1016/S2352-3026(20)30323-9
https://doi.org/10.1016/S2352-3026(20)30323-9
https://doi.org/10.1007/s00432-017-2439-x
http://orcid.org/0000-0001-5433-8750

	Impact of the changing landscape of induction therapy prior to autologous stem cell transplantation in 540 newly diagnosed myeloma patients: a retrospective real-world study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Treatment protocols
	Definition of response
	Evaluation of efficacy
	Statistical methods

	Results
	Patient characteristics
	Response and survival
	Outcome according to the time of MM diagnosis
	Impact of induction therapies
	Role of auto, tandem-auto or auto-RICallo-SCT
	Impact of renal function

	Discussion
	Acknowledgements 
	References




