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Simple Summary: Patients with multiple myeloma (MM) refractory to conventional treatment
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< strategies represent an unmet medical need. Allogeneic stem cell transplantation (allo-HSCT) is a
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controversially discussed treatment option in MM, only used in selected patients due to its high rates
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of morbidities and mortality. We present a retrospective analysis of all MM patients who underwent
allo-HSCT at our center during the last 10 years. In the overall cohort, and especially in patients with
at least VGPR prior to allo-HSCT, remarkable long-term survival is possible. Therefore, even in the

Milanov, R.; Aichinger, C. et al. context of new treatment modalities, allo-HSCT may still offer a therapeutic option for individual
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MM patients.

Abstract: Background: Despite major treatment advances, multiple myeloma remains incurable.
The outcome of patients who are refractory to immunomodulatory agents, proteasome inhibitors,
and anti-CD38 monoclonal antibodies is poor, and improved treatment strategies for this difficult-
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to-treat patient population are an unmet medical need. Methods: This retrospective, unicentric
analysis included 38 patients with relapsed/refractory multiple myeloma or plasma cell leukemia
Academic Editor: Enrique M. Ocio who underwent allogeneic stem cell transplantation (allo-HSCT) between 2013 and 2022. Survival

outcomes, relapse incidence, and non-relapse mortality were calculated according to remission
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status, date of allo-HSCT, cytogenetic risk status, timing, and number of previous autologous HSCTs.
Results: The median PFS was 13.6 months (95% CI, 7.7-30.4) and the median OS was 51.4 months
(95% (I, 23.5-NA) in the overall cohort. The cumulative incidence of relapse at 3 years was 57%,
and non-relapse mortality was 16%. The median PFS and OS were significantly longer in patients
with very good partial remission (VGPR) or better compared to patients with less than VGPR at
the time of allo-HSCT (mPFS 29.7 months (95% CI, 13.7-NA) vs. 6.5 months (95% CI, 2.6-17.0);
p = 0.009 and mOS not reached vs. 18.6 months (95% CI, 7.0-NA); p = 0.006). Conclusion: For selected
patients, allo-HSCT may result in favorable overall survival, in part by providing an appropriate
This article is an open access article  hemato-immunological basis for subsequent therapies.
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
40/).
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1. Introduction

Despite tremendous advances in the treatment of multiple myeloma (MM) over
the past two decades, the disease remains mostly incurable [1]. The introduction of
immunomodulatory drugs (IMiDs), proteasome inhibitors (PIs), and anti-CD38 mono-
clonal antibodies (anti-CD38 Abs) has led to a significant improvement in the outcome
of patients with MM [2]. Of particular concern is the subset of patients who are refrac-
tory to IMiDs, Pls, and anti-CD38 Abs, showing early relapse after first- or second-line
therapy, including autologous stem cell transplantation (ASCT) or primary refractory MM
patients. These difficult-to-treat patient populations have particularly dismal outcomes,
frequently associated with poor overall survival [3,4]. Allogeneic hematopoietic stem cell
transplantation (allo-HSCT) represents a treatment option for MM patients with early
relapse to other established MM therapies, especially after ASCT, or lacking further thera-
peutic options after a long-standing disease history [5]. Nevertheless, the role of allo-HSCT
in the treatment of MM remains challenging due to its high toxicity along with limited
response rates, although it is a potentially curative approach for a limited number of se-
lected patients [6]. Regardless of the ongoing controversial debate about the indication for
allo-HSCT in MM, the use of allo-HSCT is increasing in Europe even after the introduction
of new therapeutic agents, reflecting the high unmet medical need for further treatment
options in relapsed/refractory MM (RRMM) [7]. The adaptation of conditioning regimens
with a shift from myeloablative conditioning (MAC) to reduced-intensity conditioning
(RIC) resulted in a significantly reduced non-relapse mortality (NRM) but higher relapse
rate [8]. In a proportion of patients, allo-HSCT following RIC can still lead to a long-term
response through a graft-versus-myeloma (GvM) effect. The long-term follow-up of a large,
pooled analysis of patients treated with tandem autologous versus autologous—allogeneic
transplantation showed significantly longer overall survival with ASCT /RIC-allo-HSCT
compared to tandem ASCT [9]. Importantly, median post-relapse survival was also signif-
icantly improved by allo-HSCT, underlining a durable GvM effect leading to improved
efficacy and disease control even with subsequent therapies. A repeated and similarly good
response to therapy regimens already used before allo-HSCT was also observed in other
studies as well as deep and durable responses to the current standard-of-care therapeutics
like IMiDs, PIs, and anti-CD38 Abs with good tolerability [9-12]. Data on the efficacy and
safety of BCMA-targeted therapies including T-cell-recruiting agents after allo-HSCT are
sparse and limited to a few patients [13,14], in part due to the frequent exclusion of patients
post allo-HSCT from randomized trials.

We conducted a retrospective analysis including all patients who underwent allo-
HSCT in the last 10 years at our center to evaluate the outcomes of allo-HCST, identify
factors that determine the outcome, and document the subsequent course after MM relapse.

2. Materials and Methods
2.1. Patient Population and Data Collection

This single-center retrospective analysis included all consecutive patients diagnosed
with MM or plasma cell leukemia who underwent allo-HSCT between November 2013
and November 2022. Data cut-off for follow-up data was 14 August 2023. All patients
provided written informed consent to data collection and analysis in compliance with the
European Society for Blood and Marrow Transplantation (EBMT), national authorities,
and the institutional review board/local ethics committee. Data collected included patient
demographics, disease characteristics, treatment history, response status, transplant details,
outcome data, and data on transplant complications and NRM. International Staging Sys-
tem (ISS) [15] was documented at time of initial diagnosis as well as cytogenetic risk profile.
Besides high-risk status, defined by the International Myeloma Working Group (IMWG)
as including t(4;14), t(14;16), and del(17p) [16], the gain or amplification of chromosome
1q and complex karyotypes were recorded. Data of all therapy regimens before and after
allo-HSCT as well as number and time course of previous ASCTs are available. Response
assessment was performed using the IMWG consensus criteria for response and the mini-
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mal residual disease assessment in MM 2016 [17]. MM response was assessed after the last
therapy regimen prior to allo-HSCT. In addition, the best responses to allo-HSCT and to
post-allo-HSCT relapse therapy were collected. Conditioning regimens were classified as
“myeloablative” and “reduced-intensity” according to published criteria [18].

2.2. Statistical Analysis

Descriptive analyses were performed to summarize medians with the minimum and
maximum (range) for continuous variables and counts and percentages for categorical
variables. Progression-free survival (PFS) and overall survival (OS) were estimated using
the Kaplan—-Meier method. PFS and OS were measured from the date of allo-HCST until
progression or death, respectively. In addition, OS was evaluated from the first relapse after
allo-HSCT. Cumulative incidence functions of relapse and NRM were calculated. Non-
relapse mortality was considered a competing risk for relapse; relapse was considered a
competing risk factor for NRM. Gray’s test was performed to compare cumulative incidence
between groups. To estimate cause-specific hazard ratios (HRs), Cox regression models
were used. Two-sided p values < 0.05 were considered statistically significant.

All statistical analyses and visualizations were carried out using the R statistical
software version 4.2.2 [19].

3. Results
3.1. Patient, Disease, and Transplant Characteristics

Between 13 November 2013 and 2 November 2022, 38 consecutive patients with RRMM
received an allo-HSCT at our center. The patients’ baseline characteristics are shown in
Table 1. The median age at the time of allo-HSCT was 55 years (range, 38-67), and 61% of
patients were male. The median time from the initial diagnosis of MM to allo-HSCT was
3.8 years (range, 0.3-13.6). The proportion of patients with any high-risk characteristic was
remarkable, with 53% having one or more high-risk cytogenetic abnormality (CA) including
t(4;14), t(14;16), del(17p), gain or amp 1q, or a complex karyotype; and 21% of patients had
extramedullary disease (EMD) prior to allo-HSCT. Comparing the two cohorts of patients
with allo-HSCTs from 2013 to 2018 and from 2019 to 2022, those transplanted from 2019 to
2022 were slightly older and more likely to have high-risk features such as a high-risk CA
or EMD. All but two patients had undergone one or more ASCTs (95%); in both patients
without ASCT, autologous cell collection was not possible due to insufficient treatment
response. Half of the patients had two ASCTs, and 13% of the ASCTs were preplanned
tandem transplantations due to high-risk MM. Patients were heavily pretreated with a
median of seven previous therapy regimens (range, 4-13). A total of 74% of patients were
triple-class-exposed, i.e., had received at least one IMiD, one PI, and one anti-CD38 A; and
24% were triple-class refractory. Since the initial approval of an anti-CD38 Ab did not occur
until mid-2016, the proportion of triple-class-exposed patients in the cohort transplanted
between 2013 and 2018 was rather low at 47%. In contrast, all patients transplanted as of
2019 were triple-class-exposed prior to allo-HSCT.

Table 1. Baseline characteristics of patients who received an allo-HSCT between 2013 and 2022.

2013-2018 2019-2022 All Patients
n=19) (n=19) (n =38)
Median age, years 52.8 (38.4-64.4) 58.1 (44.8-67.2) 55.2 (38.4-67.2)
Sex
Male 12 (63%) 11 (58%) 23 (61%)
Female 7 (37%) 8 (42%) 15 (39%)
Median time from
diagnosis to allo-HSCT, 3.7 (0.6-8.2) 3.8 (0.3-13.6) 3.8 (0.3-13.6)

years
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Table 1. Cont.

2013-2018 2019-2022 All Patients

(n=19) (n=19) (n =38)

Extramedullary disease 2 (11%) 6 (32%) 8 (21%)
ISS stage

1 7 (37%) 4 (21%) 11 (29%)

I 5 (26%) 5 (26%) 10 (26%)

I 3 (16%) 6 (32%) 9 (24%)

Unknown 4 (21%) 4 (21%) 8 (21%)

Cytogenetic profile

Any high-risk CA 8 (42%) 12 (63%) 20 (53%)

High-risk IMWG 1 (5%) 5 (26%) 6 (16%)

Gain/Amp 1q 7 (37%) 10 (53%) 17 (45%)

Complex karyotype 4 (21%) 0 (0%) 4 (11%)

Median previous therapy 7 (4-13) 7 (4-13) 7 (4-13)
regimens

Previous ASCT 18 (95%) 18 (95%) 36 (95%)

>1 ASCT 9 (47%) 10 (53%) 19 (50%)

Tandem ASCT 2 (11%) 3 (16%) 5 (13%)

Triple-class exposed 9 (47%) 19 (100%) 28 (74%)

Triple-class refractory 4 (21%) 5 (26%) 9 (24%)

Allo-HSCT = allogeneic stem cell transplantation, ASCT = autologous stem cell transplantation, CA = cytogenetic
abnormality, IMWG = International Myeloma Working Group, ISS = International Staging System.

Details of the allo-HSCTs including the stem cell and donor characteristics, condition-
ing regimen, and GVHD-prophylaxis are depicted in Table 2. The source of stem cells was
peripheral blood in 84% of patients; all patients transplanted after 2018 received a graft
generated from peripheral-blood stem cells. Conditioning regimens were myeloablative in
55% of patients and reduced-intensity in 45%. The intensity of conditioning was adjusted
according to previous therapies and patient fitness. Total body irradiation (TBI) between
2 and a maximum of 8 Gray was part of the conditioning regimen in 58% of patients; the
proportion of TBI-based conditioning was more frequent in transplantations after 2018
at 74% than in earlier years at 42%. Donors were divided into matched related donors
(MRD), matched and mismatched unrelated donors (MUD and MMUD), and haploidenti-
cal related donors (Haplo). The distribution was 26% MRD, 34% MUD, 8% MMUD, and
32% Haplo. GVHD prophylaxis differed according to donor type, and post-transplant
cyclophosphamide/tacrolimus/mycophenolate mofetil (PTCy-Tac-MMF) was used after
Haplo transplantation and in a proportion of MMUDs. The majority of other patients
received a combination of a calcineurin inhibitor and MME. Anti-T lymphocyte globulin
(ATLG) was used in 66% of transplants, particularly in HLA-matched HSCT.

Table 2. Response at time of allo-HSCT and transplant characteristics.

2013-2018 2019-2022 All Patients
(n=19) n=19) (n =38)
Status at allo-HSCT
SCR 0 (0%) 2 (11%) 2 (5%)
CR 4 (21%) 3 (16%) 7 (18%)
VGPR 5 (26%) 4(21%) 9 (24%)
PR 8 (42%) 7 (37%) 15 (39%)
SD 0 (0%) 3 (16%) 3 (8%)

PD 2 (11%) 0 (0%) 2 (5%)
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Table 2. Cont.
2013-2018 2019-2022 All Patients
n=19) n=19) (n=38)
Type of transplantation
MRD 5 (26%) 5 (26%) 10 (26%)
MUD 7 (37%) 6 (32%) 13 (34%)
Haplo 5 (26%) 7 (37%) 12 (32%)
MMUD 2 (11%) 1 (5%) 3 (8%)

Source of stem cells
BM 6 (32%) 0 (0%) 6 (16%)
PB 13 (68%) 19 (100%) 32 (84%)

Conditioning regimen

Myeloablative 10 (53%) 11 (58%) 21 (55%)
Reduced intensity 9 (47%) 8 (42%) 17 (45%)
Auto-allo protocol 4 (21%) 0 (0%) 4 (11%)
TBI 8 (42%) 14 (74%) 22 (58%)

GVHD prophylaxis
ATLG 15 (79%) 10 (53%) 25 (66%)
CNI-MTX 4 (21%) 0 (0%) 4 (11%)
CNI-MMF 10 (53%) 11 (58%) 21 (55%)
PTCy-Tac-MMF 5 (26%) 8 (42%) 13 (34%)

Maintenance therapy post o o o

allo-HSCT 1 (5%) 9 (47%) 10 (26%)
DLI 8 (42%) 6 (32%) 14 (37%)

Allo-HSCT = allogeneic stem cell transplantation, ATLG = anti-T lymphocyte globulin, BM = bone marrow,
CNI = calcineurin inhibitor, CR = complete remission, DLI = donor lymphocyte infusion, GVHD = graft-versus-
host disease, MAC = myeloablative conditioning, MMF = mycophenolate mofetil, MMUD = mismatched
unrelated donor, MRD = matched related donor, MTX = methotrexate, MUD = matched unrelated donor,
NMA = non-myeloablative conditioning, PB = peripheral blood, PD = progressive disease, PR = partial remission,
PTCy = post-transplant cyclophosphamide, RIC = reduced-intensity conditioning, RTC = reduced-toxicity condi-
tioning, SCR = stringent complete remission, SD = stable disease, Tac = Tacrolimus, TBI = total body irradiation,
VGPR = very good partial remission.

The overall response rate (ORR) to the last therapeutic regimen before allo-HSCT,
defined as achieving at least partial remission (PR), was 87%; 47% of patients achieved very
good partial remission (VGPR) or better, 18% of patients achieved complete remission (CR),
and 5% achieved stringent complete remission (SCR).

3.2. Response to Allo-HSCT and Maintenance

After allo-HSCT, the depth of remission improved in a large proportion of patients,
with 55% of all patients achieving SCR. In contrast, the proportion of patients with an
inadequate response prior to allo-HSCT remained largely unchanged after allo-HSCT, with
13% versus 11% of patients with less than PR (Figure 1).

Patients transplanted between 2019 and 2022 were more likely to receive maintenance
therapies (47%) than patients with allo-HSCTs before 2019 (5%). Mostly PIs or IMiDs
or combinations were used as maintenance therapies. Overall, the rate of maintenance
therapy after allo-HSCT was relatively low at 26%. The primary reason to withhold
maintenance therapy was preexisting or expected toxicity; in the case of PIs, mainly
preexisting polyneuropathy; in the case of IMiDs, the risk of inducing GVHD; and in the
case of both drug classes, severe and prolonged cytopenia. On the other hand, 37% of
patients received donor lymphocyte infusions (DLI), either in preemptive (minimal residual
disease, lack of SCR, or declining chimerism) or therapeutic indication (after relapse) in the
further course.
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Figure 1. Response status of patients before and after allo-HSCT. Allo-HSCT = allogeneic stem cell
transplantation, CR = complete remission, PR = partial remission, SCR = stringent complete remission,
VGPR = very good partial remission.

3.3. Survival Outcomes

After a median follow-up of survivors of 37.5 months (95% CI, 21.8-57.4), the median
PFS following allo-HSCT was 13.6 months (95% CI, 7.7-30.4) in the overall cohort. The
3-year PFS probability was 27.1% (95% CI, 0.15-0.48). The median OS was 51.4 months
(95% CI, 23.5-NA), with an OS probability of 53.1% (95% CI, 0.38-0.74) at 3 years (Figure 2).
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Figure 2. Kaplan-Meier curves of survival outcomes, overall cohort. (A) Progression-free survival.
(B) Overall survival.
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The median PFS was significantly longer in patients with VGPR or better com-
pared to that of patients with less than VGPR at the time of allo-HSCT (29.7 months
(95% CI, 13.7-NA) vs. 6.5 months (95% CI, 2.6-17.0); HR 0.38; 95% CI, 0.18-0.81; p = 0.009)
(Figure 3A). The median OS was not reached in patients with VGPR or better and was
significantly longer than that in patients with less than VGPR (NR vs. 18.6 months (95% CI,
7.0-NA); HR 0.23; 95% (I, 0.08-0.72; p = 0.006) (Figure 3B).
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Figure 3. Kaplan—-Meier curves of survival outcomes according to achieved response prior to allo-
HSCT. (A) Progression-free survival. (B) Overall survival.

In the cohort of patients transplanted between 2019 and 2022, compared to patients
transplanted between 2013 and 2018, no significant difference was revealed for PFS (median
17.0 months (95% CI, 10.7-NA) vs. 13.6 months (95% CI, 4.8-48.3); HR 0.80; 95% ClI,
0.37-1.74; p = 0.58), while OS (median NR (95% CI, 28.9-NA) vs. 24.1 months (95% ClI,
13.6-NA); HR 0.45; 95% CI, 0.16-1.30; p = 0.13) tended to be longer. The presence of at least
one high-risk CA including t(4;14), t(14;16), del(17p), gain/amp 1q, or complex karyotypes
resulted in significantly worse OS compared with patients without high-risk CA (median
24.1 months (95% CI, 16.3-NA) vs. NR (95% CI, 51.4-NA); HR 0.28; 95% CI, 0.08-1.04;
p = 0.04). The PFS results according to high-risk status were borderline significant (p = 0.05)
(Figure 4). The time interval between the last ASCT and allo-HSCT affected OS but not PFS.
The 3-year OS probability was significantly lower in patients who underwent allogeneic
transplantation less than 2 years after the last ASCT than in patients who underwent
ASCT more than 2 years before their allo-HSCT (38% (95% CI, 0.20-0.71) vs. 67% (95% CI,
0.47-0.97); p = 0.02). Finally, patients with one or two ASCTs before their allo-HSCT were
compared. No statistically significant difference in PFS and OS was seen, but there was a
trend towards worse outcome in patients with two ASCTs before allo-HCST. The number
of treatment regimens administered prior to allo-HSCT did not have a significant impact
on OS (<6 versus >6 regimens; 3-year OS 64% versus 48%; p = 0.70). Neither the type of
conditioning (p = 0.60) nor the type of donor (p = 0.44) had a significant influence on OS.

Multivariate analysis confirmed the significant impact of remission status (less than
VGPR versus at least VGPR before allo-HSCT) and cytogenetic high-risk factors (any
high-risk CA versus no high-risk CA) on overall survival (Table 3).
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Table 3. Multivariate Cox regression analysis for overall mortality.

Variable Hazard Ratio p-Value
Less than VGPR before allo-HSCT 7.70 (1.22-48.65) 0.03
High-risk CA 5.28 (1.13-24.82) 0.04
Allo-HSCT 2013-2018 0.54 (0.12-2.38) 0.42
Interval ASCT to allo-HSCT < 2 years 2.19 (0.44-11.01) 0.34
One ASCT before allo-HSCT (versus two) 0.65 (0.15-2.86) 0.57

Allo-HSCT = allogeneic stem cell transplantation, ASCT = autologous stem cell transplantation, CA = cytogenetic
abnormality, VGPR = very good partial remission.
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Figure 4. Kaplan—-Meier curves of survival outcomes according to transplant date and cytogenetic risk
status (A) Progression-free survival and (B) overall survival according to transplant date, 2013-2018
or 2019-2022. (C) Progression-free survival and (D) overall survival according to cytogenetic risk
status, high-risk versus standard risk.

3.4. Relapse Incidence, GHVD and Non-Relapse Mortality

The cumulative incidence of relapse at 3 years was 57% (95% ClI, 0.38-0.72), and the
cumulative incidence of NRM at 3 years was 16% (95% CI, 0.06-0.30) in the overall cohort
(Figure S1). The most common causes of NRM were infections and acute GVHD (aGVHD).
The cumulative incidence of aGVHD until day 100 after allo-HSCT was 42.1% (95% ClI,
0.26-0.57) for aGVHD grade 2-4 and 18.4% (95% ClI, 0.08-0.32) for aGVHD grade 3-4. For
moderate/severe chronic GVHD (cGVHD), the 2-year cumulative incidence was 12.5%
(95% CI, 0.03-0.26).
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Depth of remission before allo-HSCT had no significant impact on the cumulative
incidence of relapse, with a 3-year incidence of 53% (95% CI, 0.23-0.77) in patients with
VGPR or better, compared to 60% (95% CI, 0.34-0.79) in patients with allo-HSCT with
less than VGPR (p = 0.21). By contrast, cytogenetic high-risk status tended to have an
adverse impact on the cumulative relapse incidence, with a 3-year incidence of 65% (95%
CI, 0.36-0.84), compared to 40% (95% CI, 0.13-0.66) in patients without a high-risk CA
(p = 0.08) (Figure 5). The date of allo-HSCT, the interval between the last ASCT and allo-
HSCT, and the number of ASCTs did not affect the cumulative incidence of relapse.
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® s e I
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Figure 5. Relapse by response status prior to allo-HSCT, transplant date and cytogenetic risk status.
Cumulative incidence curves for relapse according to (A) response of at least or less than VGPR, (B)
transplant date between 2013 and 2018 or 20192022, (C) cytogenetic high-risk or standard-risk status.
NRM was non-significantly lower in patients with at least VGPR at the time of allo-
HSCT in patients transplanted between 2019 and 2022 and in patients with a longer interval
between their last ASCT and their allo-HSCT (>2 years) (Figure 6).
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Figure 6. Non-relapse mortality by response status prior to allo-HSCT, transplant date and cytogenetic
risk status. Cumulative incidence curves for relapse according to (A) response of at least or less
than VGPR, (B) transplant date between 2013 and 2018 or 2019-2022, (C) cytogenetic high-risk or
standard-risk status.

3.5. Subsequent Therapies and Outcomes after Relapse Post-Allo-HSCT

Overall, 58% of all patients relapsed after allo-HSCT by the time of the data cut-off. A
total of 45% of patients have died, including 63% of the patients transplanted before 2019
and 26% of the patients transplanted from 2019 to 2022. The most common cause of death
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was the progression of MM, at 53%. All but one of the twenty-two patients with relapse
post allo-HSCT received at least one subsequent treatment line. Table S1 shows the best
response achieved to any subsequent therapy regimen after relapse post-allo-HSCT.

The estimated median OS from the first relapse after allo-HSCT was 22.6 months (95%
CI, 13.7-NA) (Figure S2). Of the surviving 21 patients, 16 are in ongoing remission (76%).
The median number of therapy regimens (including both maintenance/consolidation and
salvage therapies) post-allo-HSCT in the overall cohort was two (range, 0-9). Relapsed
patients received a median of four therapy regimens after allo-HSCT (range, 0-9). Eleven
(50%) of the twenty-two relapsed patients were able to achieve at least a VGPR on a
subsequent line of therapy, and six patients (27%) achieved a SCR. A total of 41 different
therapy regimens were used to treat RRMM post-allo-HSCT. A summary of the different
substances and substance classes that were administered is shown in Table S2.

In terms of treatment regimens administered for relapse after allo-HSCT, IMiDs were
used most frequently in a total of 18 patients (82%). The most commonly administered IMiD
was pomalidomide in 15 patients (68%). A total of 17 patients (77%) received carfilzomib,
12 of whom also received another PI during the further course of treatment. Treatment
with monoclonal antibodies was also common in relapsed patients after allo-HSCT at 77%.
Five patients with t(11;14) received venetoclax combinations at relapse post-allo-HSCT.
BCMA-targeted therapies, specifically, belantamab mafodotin and teclistamab, were used
upon availability in the case of relapse. Five patients (23%) received belantamab mafodotin
and a total of seven patients (32%) were treated with bispecific antibodies; all received
teclistamab, and one patient additionally received talquetamab. None of these patients
developed unexpected side effects, and importantly, no patient developed GVHD. Six of
the seven patients treated with teclistamab had extramedullary MM manifestations at the
time of therapy initiation, and one patient with plasma cell leukemia had an incipient
biochemical relapse. Three patients showed ongoing responses at the data cut-off for 15.6,
12.1, and 8.6 months.

4. Discussion

For many years, allo-HSCT has been a controversially discussed topic in multiple
myeloma. With the introduction of today’s standard of care in earlier lines of therapy
using different combinations of PIs, IMiDs, and anti-CD38 Abs, the prognosis for a large
proportion of MM patients has improved significantly, both in newly diagnosed MM
patients and also in the relapsed/refractory setting. However, there remains a small
proportion of mostly young patients who relapse despite treatment with all available
conventional therapy options. This patient population represents an unmet medical need,
and to date, allo-HSCT has been a potential treatment modality that has been able to
provide prolonged survival for a subset of these difficult-to-treat patients. The present
analysis of 38 consecutive patients who underwent allo-HSCT at our center during the
last 10 years shows a remarkable median OS of 51.4 months in heavily pretreated patients
after a median of seven prior therapy regimens. In addition, for allo-HSCTs performed
between 2019 and 2022, the median OS was not reached. The median PFS of 13.6 months
in the context of the evaluated population is also notable, particularly the median PFS
of 17 months for the allo-HSCTs performed between 2019 and 2022. Our results appear
to be favorable compared with historical data from a large EBMT analysis. Specifically,
for patients transplanted after 2004 in later lines of therapy, the EMBT analysis showed a
median OS of 26 months and a median PFS of 11 months [7]. Even better outcomes have
been observed in our analysis if at least VGPR was achieved prior to allo-HSCT, with a
median PFS of 29.7 months, a median OS not reached, and a 3-year survival probability
of 72%. These results are clearly superior to various real-world evaluations of triple-
exposed MM patient populations treated with standard-of-care therapies, where durations
of response or time to next treatment were well below one year and overall survival was
between 8 and 15 months [3,20-25]. Considering the deepest possible remission before
allo-HSCT to be the most important factor for a good outcome, the indication for allo-HSCT
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should be restricted to patients who are able to achieve at least VGPR to bridging-therapy
before allo-HSCT. Patients who achieve less than a PR prior to planned allo-HSCT do not
appear to benefit from this treatment modality and should be managed with an alternative
therapy. Other factors such as cytogenetic and clinical high-risk features like early relapse
after ASCT and EMD should be considered as well, as they may lead to a deterioration of
outcome. The presence of at least one high-risk genetic abnormality consisting of t(4;14),
t(14;16), del(17p), gain/amp 1q, or complex karyotypes resulted in significantly worse OS
in this analysis, whereas the 3-year OS in patients without high-risk features was excellent
at 85.7%. Thus, the adverse impact of high-risk cytogenetic abnormalities could not be
overcome by allo-HSCT in this analysis.

Independent of disease-associated factors, achieving the lowest possible rate of transplant-
related complications and NRM is also of importance. Prior MM therapies and those poten-
tially needed in the future should be included in considerations regarding the selection of
conditioning regimen and GVHD prophylaxis. The rather low rate of cGVHD in our analysis
may be explained by maintenance or relapse therapies in a relevant proportion of patients.
In addition to steroid-containing therapies, PIs and anti-CD38 Abs are supposed to have
preventive effects on GVHD. Overall, the cumulative incidence of NRM in this analysis was
relatively low at 16% at 3 years. Among more recently transplanted patients, the estimated
3-year NRM was even lower at 11%.

Limitations of this analysis are the retrospective design and the small number of cases.
These factors reflect the fact that larger prospective analyses of allo-HSCT in RRMM are
scarce and that this treatment modality is reserved for a small proportion of patients for
whom other options are not available.

Although relapses after allo-HSCT are frequent, a response can usually be achieved by
a thoughtful use of previously administered therapies. The observed long median OS (NR
for allo-HSCTs between 2019 and 2022), as compared to the shorter median PFS (17 months
in the above cohort) in our analysis, suggests that therapies that were ineffective before
allo-HSCT are able to induce remissions again in the context of a reestablished (donor-
derived) immune system. In addition, novel therapeutic options are available, most notably,
chimeric antigen receptor T (CAR-T) cell therapies and bispecific antibodies. To date, few
experience has been gained with CAR-T cells after allo-HSCT, though existing data show
comparable efficacy and good tolerability in patients after allo-HSCT [13,14]. At our center,
no patient has received CAR-T cell therapy after allo-HSCT due to the lack of availability
in Austria. However, a total of seven patients have received bispecific antibodies with
surprisingly favorable responses. Three patients with extensive extramedullary soft tissue
plasmacytomas showed complete remission during therapy with teclistamab. Possibly, the
allogeneic T-cell system is less exhausted, and therefore, it is possible to achieve deep and
durable remissions with bispecific antibodies in such high-risk patients.

With the approval of two BCMA-targeted CAR-T cell therapies, idecabtagene vicleucel
(ide-cel) and ciltacabtagene autoleucel (cilta-cel), important alternative treatment options
have recently become available, even in heavily pretreated MM patients.

Comparing the efficacy and toxicity profile of allo-HSCT and CAR-T cell therapy,
CAR-T cells, and, in particular, cilta-cel, seem to provide a better outcome, especially in
patients with inadequate disease control [26,27]. Regarding the toxicity profile, cilta-cel
as well as allo-HSCT show a certain rate of NRM, and especially persistent neurological
symptoms after CAR-T cell therapy may become a chronic burden for the patient, similarly
to GVHD after allo-HSCT. Last but not least, the availability of CAR-T cell therapy is
still extremely limited; thus, for well-selected, younger patients, allo-HSCT will certainly
remain a therapeutic option for the treatment of RRMM in the near future.

5. Conclusions

Allogeneic stem cell transplantation can achieve remarkably long overall survival
in heavily pretreated MM patients. To achieve optimal outcomes, strict patient selection
and, especially, achieving at least VGPR before allo-HSCT are the most important factors.
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Harnessing the transferred, donor-derived immune-hematopoietic background after allo-
HSCT, previously ineffective or intolerant therapeutics may be able to induce remissions
again, and T-cell-recruiting therapies may eventually be more effective via a less-exhausted
donor T-cell system. If CAR-T cell therapies become widely available, it is highly anticipated
that they will be preferred over allo-HSCT, although CAR-T cell therapies also have relevant
toxicities, and thoughtful patient selection will still be required.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ cancers15245738/s1, Figure S1: Cumulative Incidence for Relapse
and Non-relapse mortality, overall cohort (A) Cumulative incidence for relapse. (B) Cumulative
incidence for non-relapse mortality; Figure S2: Kaplan-Meier curve of overall survival from first
relapse after allo-HSCT. Table S1: Number of therapy regimens and best response after relapse post
allo-HSCT. Table S2: Therapies administered for relapse after allo-HSCT.

Author Contributions: Conceptualization, J.C. and L.S.; Methodology, LS., A.N. and ]J.C.; Formal
Analysis, AN. and L.S.; Data Curation, I.S., A.N. and J.C.; Writing—Original Draft Preparation, LS.,
AN. and ].C.; Writing—Review and Editing, I.5., AN.,SM.-S., VB.-A,, M.B.,, D.W,, O.S,, EK,, RM,,
C.A, SN, TB., SK,M.G., AW. and A.P. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki. The Institutional Review Board, the Ethics Committee of the Johannes
Kepler University Linz, approved the process of written informed consenting (EK Nr. 1035/2022,
04-APR 2022).

Informed Consent Statement: All patients provided written informed consent to data collection and
analysis, in compliance with the European Society for Blood and Marrow Transplantation (EBMT),
national authorities, and the Institutional Review Board.

Data Availability Statement: Data are available from the authors upon request.
Acknowledgments: Open Access Funding by the University of Linz.

Conflicts of Interest: I.S. received honoraria/travel support from Abbvie, Amgen, BMS, Gilead,
GSK, Janssen, Novartis, Pfizer, Sanofi, Stemline, Takeda. S.M. received honoraria/travel support
from Abbvie, Amgen, BMS, Gilead, Jazz, Novartis, Pfizer, Servier. V.B. received honoraria/travel
support from AOP, Blueprint, BMS, Gilead, GSK, Incyte, Janssen, Novartis, Sanofi, Takeda. M.B.
received travel support from Gilead, Lilly, Neovii, Novartis. D.W. received honoraria from Roche.
O.S. received honoraria/travel support from Beigene, Incyte, Janssen, Lilly, Roche, Servier.E.K.
received honoraria/travel support from AOP orphan, Janssen, Novartis, Takeda. R.M. received
honoraria/travel support from Amgen, Jazz, Novartis, Pfizer, Sobi. C.A. received travel support from
Abbvie, Astra Zeneca, Ipsen, Lilly, MSD, Novartis, Roche, Sandoz, Servier. S.N. received honoraria
from Abbvie, BMS, Stemline. T.B. received honoraria/travel support from Beigene, Janssen. S.K.
received honoraria from Takeda. M.G. received honoraria/travel support from BMS, Janssen, Sanofi.
A.P. received honoraria/travel support from Abbvie, Amgen, Astra Zeneca, BMS, Daiichi Sankyo,
Gilead, Janssen, Novartis, Pfizer, Roche, Saegen, Sandoz, Sanofi, Takeda. J.C. received honoraria from
Janssen, BMS, and Takeda. All other authors declare no conflicts of interest.

1.  Kim, S; Berenson, J.R. Predicting Outcomes and Monitoring Disease in Patients with Multiple Myeloma. Clin. Adv. Hematol.

Omncol. 2023, 21, 484-493.

2. Ramasamy, K.; Gay, F.; Weisel, K.; Zweegman, S.; Mateos, M.V.; Richardson, P. Improving outcomes for patients with relapsed
multiple myeloma: Challenges and considerations of current and emerging treatment options. Blood Rev. 2021, 49, 100808.

[CrossRef]

3.  Mateos, M.-V,; Weisel, K.; De Stefano, V.; Goldschmidt, H.; Delforge, M.; Mohty, M.; Cavo, M.; Vij, R.; Lindsey-Hill, ].; Dytfeld, D.;
et al. LocoMMotion: A prospective, non-interventional, multinational study of real-life current standards of care in patients with
relapsed and/or refractory multiple myeloma. Leukemia 2022, 36, 1371-1376. [CrossRef]


https://www.mdpi.com/article/10.3390/cancers15245738/s1
https://www.mdpi.com/article/10.3390/cancers15245738/s1
https://doi.org/10.1016/j.blre.2021.100808
https://doi.org/10.1038/s41375-022-01531-2

Cancers 2023, 15, 5738 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

Charalampous, C.; Goel, U.; Kapoor, P; Binder, M.; Buadi, EK.; Cook, J.; Dingli, D.; Dispenzieri, A.; Fonder, A.L.; Gertz, M.A;
et al. Outcomes of patients with primary refractory multiple myeloma in the era of triplet and quadruplet induction therapy.
Blood Adv. 2023, 7, 4371-4380. [CrossRef]

Giralt, S.; Garderet, L.; Durie, B.; Cook, G.; Gahrton, G.; Bruno, B.; Hari, P; Lokhorst, H.; McCarthy, P; Krishnan, A.; et al.
American Society of Blood and Marrow Transplantation, European Society of Blood and Marrow Transplantation, Blood and
Marrow Transplant Clinical Trials Network, and International Myeloma Working Group Consensus Conference on Salvage
Hematopoietic Cell Transplantation in Patients with Relapsed Multiple Myeloma. Biol. Blood Marrow Transplant. 2015, 21,
2039-2051. [CrossRef]

Greil, C.; Engelhardt, M.; Finke, J.; Wasch, R. Allogeneic Stem Cell Transplantation in Multiple Myeloma. Cancers 2021, 14, 55.
[CrossRef]

Sobh, M.; Michallet, M.; Gahrton, G.; Iacobelli, S.; van Biezen, A.; Schonland, S.; Petersen, E.; Schaap, N.; Bonifazi, F.; Volin, L.;
et al. Allogeneic hematopoietic cell transplantation for multiple myeloma in Europe: Trends and outcomes over 25 years. A study
by the EBMT Chronic Malignancies Working Party. Leukemia 2016, 30, 2047-2054. [CrossRef]

Crawley, C.; Iacobelli, S.; Bjorkstrand, B.; Apperley, ].F.; Niederwieser, D.; Gahrton, G. Reduced-intensity conditioning for
myeloma: Lower nonrelapse mortality but higher relapse rates compared with myeloablative conditioning. Blood 2007, 109,
3588-3594. [CrossRef]

Costa, L.J.; Iacobelli, S.; Pasquini, M.C.; Modi, R.; Giaccone, L.; Blade, ].; Schonland, S.; Evangelista, A.; Perez-Simon, J.A.; Hari, P;
et al. Long-term survival of 1338 MM patients treated with tandem autologous vs. autologous-allogeneic transplantation. Bone
Marrow Transplant. 2020, 55, 1810-1816. [CrossRef]

Gahrton, G.; Iacobelli, S.; Garderet, L.; Yakoub-Agha, I.; Schonland, S. Allogeneic Transplantation in Multiple Myeloma—Does It
Still Have a Place? J. Clin. Med. 2020, 9, 2180. [CrossRef]

Lépez-Corral, L.; Caballero-Veldzquez, T.; Lépez-Godino, O.; Rosifiol, L.; Pérez-Vicente, S.; Fernandez-Avilés, F.; Krsnik, I.;
Morillo, D.; Heras, I.; Morgades, M.; et al. Response to Novel Drugs before and after Allogeneic Stem Cell Transplantation in
Patients with Relapsed Multiple Myeloma. Biol. Blood Marrow Transplant. 2019, 25, 1703-1712. [CrossRef]

Chhabra, S.; Szabo, A.; Glisch, C.; George, G.; Narra, R.K.; Harrington, A.; Jerkins, ].H.; D’Souza, A.; Dhakal, B.; Pasquini,
M.C,; et al. Relapse after Allogeneic Hematopoietic Cell Transplantation for Multiple Myeloma: Survival Outcomes and Factors
Influencing Them. Biol. Blood Marrow Transplant. 2020, 26, 1288-1297. [CrossRef]

Htut, M.; Dhakal, B.; Cohen, A.D.; Martin, T.; Berdeja, ].G.; Usmani, S.Z.; Agha, M.; Jackson, C.C.; Madduri, D.; Deraedt, W.; et al.
Ciltacabtagene Autoleucel in Patients with Prior Allogeneic Stem Cell Transplant in the CARTITUDE-1 Study. Clin. Lymphoma
Myeloma Leuk. 2023, 23, 882-888. [CrossRef] [PubMed]

John, L.; Sauer, S.; Hegenbart, U.; Dreger, P.; Hundemer, M.; Miiller-Tidow, C.; Schmitt, A.; Schmitt, M.; Raab, M.S.; Schénland,
S.0. Idecabtagene Vicleucel Is Well Tolerated and Effective in Relapsed /Refractory Myeloma Patients with Prior Allogeneic Stem
Cell Transplantation. Transplant. Cell Ther. 2023, 29, 609.e1-609.e6. [CrossRef] [PubMed]

Greipp, P.R.; San Miguel, ].; Durie, B.G.; Crowley, ].].; Barlogie, B.; Bladé, J.; Boccadoro, M.; Child, J.A.; Avet-Loiseau, H.; Kyle,
R.A.; et al. International Staging System for Multiple Myeloma. J. Clin. Oncol. 2005, 23, 3412-3420. [CrossRef]

Palumbo, A.; Avet-Loiseau, H.; Oliva, S.; Lokhorst, H.M.; Goldschmidt, H.; Rosinol, L.; Richardson, P.; Caltagirone, S.; Lahuerta,
J.J.; Facon, T.; et al. Revised International Staging System for Multiple Myeloma: A Report from International Myeloma Working
Group. J. Clin. Oncol. 2015, 33, 2863-2869. [CrossRef]

Kumar, S.; Paiva, B.; Anderson, K.C.; Durie, B.; Landgren, O.; Moreau, P.; Munshi, N.; Lonial, S.; Bladé, J.; Mateos, M.-V,; et al.
International Myeloma Working Group consensus criteria for response and minimal residual disease assessment in multiple
myeloma. Lancet Oncol. 2016, 17, e328-e346. [CrossRef]

Bacigalupo, A ; Ballen, K.; Rizzo, D.; Giralt, S.; Lazarus, H.; Ho, V.; Apperley, J.; Slavin, S.; Pasquini, M.; Sandmaier, B.M.; et al.
Defining the Intensity of Conditioning Regimens: Working Definitions. Biol. Blood Marrow Transplant. 2009, 15, 1628-1633.
[CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2013.

Gandhi, U.H.; Cornell, R.F; Lakshman, A.; Gahvari, Z.].; McGehee, E.; Jagosky, M.H.; Gupta, R.; Varnado, W.; Fiala, M.A;
Chhabra, S.; et al. Outcomes of patients with multiple myeloma refractory to CD38-targeted monoclonal antibody therapy.
Leukemia 2019, 33, 2266—2275. [CrossRef]

Elsada, A.; Zalin-Miller, A.; Knott, C.; Caravotas, L. A registry study of relapsed or refractory multiple myeloma pre-exposed to
three or more prior therapies including a proteasome inhibitor, an immunomodulatory agent and CD38-targeted monoclonal
antibody therapy in England. eJHaem 2021, 2, 493-497. [CrossRef]

Jagannath, S.; Lin, Y,; Goldschmidt, H.; Reece, D.; Nooka, A.; Senin, A.; Rodriguez-Otero, P; Powles, R.; Matsue, K.; Shah, N.; et al.
KarMMa-RW: Comparison of idecabtagene vicleucel with real-world outcomes in relapsed and refractory multiple myeloma.
Blood Cancer . 2021, 11, 116. [CrossRef]

Merz, M.; Goldschmidt, H.; Hari, P.; Agha, M.; Diels, J.; Ghilotti, F.; Perualila, N.J.; Cabrieto, J.; Haefliger, B.; Sliwka, H.; et al.
Adjusted Comparison of Outcomes between Patients from CARTITUDE-1 versus Multiple Myeloma Patients with Prior Exposure
to PI, Imid and Anti-CD-38 from a German Registry. Cancers 2021, 13, 5996. [CrossRef] [PubMed]


https://doi.org/10.1182/bloodadvances.2023009681
https://doi.org/10.1016/j.bbmt.2015.09.016
https://doi.org/10.3390/cancers14010055
https://doi.org/10.1038/leu.2016.101
https://doi.org/10.1182/blood-2006-07-036848
https://doi.org/10.1038/s41409-020-0887-4
https://doi.org/10.3390/jcm9072180
https://doi.org/10.1016/j.bbmt.2019.04.026
https://doi.org/10.1016/j.bbmt.2020.02.020
https://doi.org/10.1016/j.clml.2023.08.012
https://www.ncbi.nlm.nih.gov/pubmed/37716872
https://doi.org/10.1016/j.jtct.2023.06.010
https://www.ncbi.nlm.nih.gov/pubmed/37348705
https://doi.org/10.1200/JCO.2005.04.242
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1016/S1470-2045(16)30206-6
https://doi.org/10.1016/j.bbmt.2009.07.004
https://doi.org/10.1038/s41375-019-0435-7
https://doi.org/10.1002/jha2.214
https://doi.org/10.1038/s41408-021-00507-2
https://doi.org/10.3390/cancers13235996
https://www.ncbi.nlm.nih.gov/pubmed/34885106

Cancers 2023, 15, 5738 14 of 14

24.

25.

26.

27.

Delforge, M.; Vekemans, M.-C.; Anguille, S.; Depaus, J.; Meuleman, N.; Van de Velde, A.; Vande Broek, I.; Strens, D.; Van Hooren-
beeck, S.; Moorkens, E.J.; et al. Real-World Outcomes for Standard-of-Care Treatments in Patients with Relapsed/Refractory
Multiple Myeloma. Blood 2021, 138, 4075. [CrossRef]

Tang, D.; Hari, P; Ramasamy, K.; Weisel, K.; Joshi, P; Liu, L.; Che, M.; Hernandez, G.; Abonour, R.; Hardin, ].W.; et al. Real-World
Treatment Patterns and Clinical, Economic, and Humanistic Burden in Triple-Class Refractory Multiple Myeloma: Analysis of the
Connect ® Multiple Myeloma (MM) Disease Registry. Blood 2021, 138, 117. [CrossRef]

Berdeja, J.G.; Madduri, D.; Usmani, S.Z.; Jakubowiak, A.; Agha, M.; Cohen, A.D,; Stewart, A.K; Hari, P.; Htut, M.; Lesokhin, A.;
et al. Ciltacabtagene autoleucel, a B-cell maturation antigen-directed chimeric antigen receptor T-cell therapy in patients with
relapsed or refractory multiple myeloma (CARTITUDE-1): A phase 1b/2 open-label study. Lancet 2021, 398, 314-324. [CrossRef]
Zhao, W.-H.; Liu, ].; Wang, B.-Y.; Chen, Y.-X,; Cao, X.-M.; Yang, Y.; Zhang, Y.-L.; Wang, F.-X.; Zhang, P--Y,; Lei, B.; et al. A phase 1,
open-label study of LCAR-B38M, a chimeric antigen receptor T cell therapy directed against B cell maturation antigen, in patients
with relapsed or refractory multiple myeloma. J. Hematol. Oncol. 2018, 11, 141. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1182/blood-2021-146250
https://doi.org/10.1182/blood-2021-146830
https://doi.org/10.1016/S0140-6736(21)00933-8
https://doi.org/10.1186/s13045-018-0681-6

	Introduction 
	Materials and Methods 
	Patient Population and Data Collection 
	Statistical Analysis 

	Results 
	Patient, Disease, and Transplant Characteristics 
	Response to Allo-HSCT and Maintenance 
	Survival Outcomes 
	Relapse Incidence, GHVD and Non-Relapse Mortality 
	Subsequent Therapies and Outcomes after Relapse Post-Allo-HSCT 

	Discussion 
	Conclusions 
	References

