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Abstract: Allogeneic hematopoietic cell transplantation in multiple myeloma has evolved over the
decades. Myeloablative regimens have been replaced by the reduced intensity and non-myeloablative
conditionings to reduce treatment-related toxicity and mortality while sparing graft-vs.-myeloma
effects. Newer agents with potent anti-myeloma activity are not mutually exclusive and the com-
bination with an allograft may improve long-term outcomes in this incurable disease especially in
high-risk patients. Allografting may also be a platform for other promising new cell therapies such
as CAR T-cells, NK-, and CAR NK-cells. These studies are warranted in the context of clinical trials.
This review highlights the progress that has been made over the decades and possible future roles of
allografting in the treatment landscape of multiple myeloma

Keywords: allogeneic transplantation; myeloablative; non-myeloablative; multiple myeloma; new
drugs; CART

1. Introduction

In 1955, Main and Prehn by giving mice lethal irradiation and marrow from an H2
incompatible strain were able to avoid the rejection of a subsequent skin graft from the
same donor strain [1]. It would be later proved that the survival of the graft was due to the
persistence of donor cells leading to “tolerance”. These experiments contributed to lay the
foundation stone of the currently most established form of cell immunotherapy: allogeneic
bone marrow transplantation. In the late 1950s, the first attempts to treat hematologic
patients with irradiation and intravenous infusion of marrow from healthy donors were
reported and, in 1970, approximately 200 patients had been treated. Unfortunately, all
attempts had failed [2]. However, the perseverance of E.D. Thomas and his group led to the
first successful reports in patients with leukemia and aplastic anemia in the mid-1970s [3,4].
Since then a history of tremendous breakthroughs unfolded in the field of allogeneic bone
marrow transplantation and cell immunotherapy.

The role of allograting in multiple myeloma (MM) has always been hotly debated
though it remains the only potentially curative treatment. Initially, high rates of trans-
plant toxicity and long-term risk of relapse have prevented its widespread use. However,
over time, many factors, such as greatly improved supportive care and reduced toxicity
conditioning regimens, combined to significantly reduce the risk of lethal complications.
So, nowadays, as for all other therapies for MM, disease recurrence is the major cause of
treatment failure. In this review, we highlight the progress that has been made over the
past decades, and the potential current role of allografting in combination with potent
anti-MM agents and other cell therapies such as CAR T and CAR NK therapies (Figure 1).

Hemato 2021, 2, 89-102. https:/ /doi.org/10.3390/hemato2010005

https://www.mdpi.com/journal /hemato


https://www.mdpi.com/journal/hemato
https://www.mdpi.com
https://orcid.org/0000-0002-0860-3266
https://doi.org/10.3390/hemato2010005
https://doi.org/10.3390/hemato2010005
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/hemato2010005
https://www.mdpi.com/journal/hemato
https://www.mdpi.com/2673-6357/2/1/5?type=check_update&version=2

Hemato 2021, 2

Myeloablative Introduction of Introduction of “Biologically” Haploidentia Autologous CART Cells
Conditioning Reduce Non- Randomised 1 Allogeneic CART Cells
Bu-Cy Intensity Myeloablative Trials (Tandem Allografting
Cy-TBI Conditioning Total Body Auto-Allovs.
(Seattle Allografting Irradiation Tandem Auto) (Castagna,
Montreal Allografting Saliebi)
Toronto (Kroger) (Garban, Bruno,
7)[]'ka igan (Maloney) Glacoone,
Bologna Gahrton,
Surre) Biorkstrand,
1y it k
Arkansas .RTISJTMP.T, Giralt,
Rosignol)
Boston
Vancover)
1980+ | 2002-2003+ | 2003+ | | 2006-2007+ | 2018+ |
Indications: Indications: Indications: Indications: Indications: Multiple
Relapsed/ Newly Newly Relapsed/ prior Lines
Refractory; Diagnosed- Diagnosed All Disease Refractory; of Therapy
Young/ Relapsed/ Risks (Manly Young/
Medically Refractory Young/Elderly Newly Elderly
Fit Patients Myelema Patients Diagnosed) Patients
Related and Comparison
Unrelated Studies
Donors

Figure 1. Timeline of allografting and cell therapies over the decades in multiple myeloma.

2. The First Reports: Myeloablative Conditionings and Their Toxicity

The very first experiences were reported by D Thomas from Seattle in 1957, as part
of a transplant series of six patients with hematologic malignancies [4]. All patients died,
and only one showed signs of engraftment. In the mid-'80s a few other centers presented
case reports with encouraging results. Impressive was the report by Garthon et al. from
the Karolinska Institute, in 1983, where a woman with refractory MM was treated with
an allograft [5]. The patient achieved complete remission (CR) that lasted for longer than
3 years. Though the patient was not cured, the interest in allografting for MM was growing.
The reports from the late 1980s/early 1990s included only myeloablative conditioning
regimens. Cyclophosphamide was used in association with total body irradiation (TBI)
or busulfan, or melphalan with TBI [6-17]. At that time, these conditions were limited to
young medically fit patients. However, in MM patients, transplant-related mortality (TRM)
up to 60% was clearly higher if compared to other diseases. Reasons for these unacceptable
toxicity rates were somehow difficult to find. The profound immunodeficiency typical
of all plasma cell dyscrasias may have been responsible for the TRM observed in MM.
Most representative reports are illustrated in Table 1. Among them, the US intergroup trial
(5§9321) was of particular interest given its prospective design comparing autografting with
myeloablative allografting [10]. This study enrolled newly diagnosed MM patients and
compared early vs. late autografting, but also included a third arm that allowed patients,
under the age of 55, with HLA-identical siblings to undergo myeloablative allografts.
This arm was prematurely closed given an excessively high early TRM of 53% in the first
36 patients enrolled. However, after a follow-up of 7 years, overall survival (OS) was
overlapping in both autologous and allogeneic recipients with progression-free survival
(PFS) of 15% and 22%, respectively. However, while the risk of relapse progressively
continued in the autograft patients, OS for the allograft cohort reached a plateau with
follow up extending to 10 years. Despite the higher risk of toxicity, the conclusion drawn
by the Authors was that allografting was the only curative treatment for MM.
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Table 1. Myeloablative conditioning regimens for allografting in multiple myeloma.

Reference

Conditioning

Transplant-Related Mortality %

Complete Remission %

Overall Survival %

11

Mel (100 mg/mz),
TBI (12 Gy)

53 (at 1 year)

39 (at 7 years)

12

Bu, Cy, £TBI

48 (at day 100)
63 (at 1 year)

34

22 (at 5 years)

13

Cy, TBI
Bu, Cy
Mel (100 mg/m?), TBI

19 (at day 100)

62

47 (at 3 years)

14

Cy, TBI (14Gy)
Bu, Cy

10

55 (at 2 years)

15

Mel (110 mg/m?), TBI
(10.5Gy) Cy,
TBI Cy, Mel
Bu, Cy

54

37

36 (at 3 years)

16

Cy, TBI (12Gy)
Mel (140 mg/m?), TBI
(10.5Gy)

Bu, Cy
Others

22

57

32 (at 40 months)

17

Mel (160 mg/m?), TBI
(12Gy)
Cy, TBI (12Gy)
Bu, Cy

59

50

32 (at 3 years)

18

Cy, TBI
Mel, TBI
Bu, Cy, TBI
Others

25

40 (at 3 years)

Abbreviations: Bu: Busulfan; Cy: cyclophosphamide; TBI: total body irradiation; Mel: melphalan.

Over the years, toxicity appeared to be gradually reducing. A retrospective registry
analysis from the European Bone Marrow Transplant (EBMT) group reported a significant
improvement in OS in the late 1990s owing to a reduction in transplant-related mortal-
ity [18]. Six-hundred-ninety patients, median age 44 years, who underwent myeloablative
allografts were divided into two groups depending on the year of transplant: 1983 through
1993 versus 1994 through 1998. TRM rates at 6 months and 2 years were lower in the period
1994-1998 than between 1983-1993, 21% versus 38% and 30% versus 46%, respectively.
Reduced toxicity correlated with better OS and PFR at 3 years from 35% to 55% and from
7 to 19 months for the period 1994-1998. Undoubtedly, the reduction in TRM was at least
partly due to improved supportive care and better patient and donor selections.

Overall, the retrospective nature of most of these studies prevented determining
the real role of myeloablative allografting in MM. Of note, most patients were heavily
pretreated, had the chemo-resistant disease at transplant, and received a variety of condi-
tionings and GvHD prophylaxes. Despite selection bias, however, it was clear that better
clinical outcomes were associated with patients with chemo-sensitive MM. In most studies,
only 10-25% of patients eventually became long-term disease-free survivors, but those
were potentially cured.

3. The Concept of Tandem Autologous-Allogeneic Transplantation and
Reduced-Intensity Conditioning Regimens

The use of myeloablation prior to transplant was commonly limited to young med-
ically fit patients. This prevented many elderly patients from receiving potentially cura-
tive treatment for their hematological malignancy. In the late 1990s, investigators were
prompted to explore highly immunosuppressive, but less myelosuppressive, conditionings
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that could establish stable donor engraftment, reduce transplant-related organ toxicities,
and spare graft-vs.-tumor effects (Table 2). A series of pioneering preclinical studies, soon
translated into clinical practice, was carried out by the Seattle group where it was shown
that stable donor engraftment could be obtained with a combination of low dose non-
myeloablative TBI (200 cGy) and fludarabine, followed by unmanipulated G-CSF mobi-
lized donor peripheral blood stem cells and potent immunosuppression with cyclosporine
and mycophenolate mofetil [19]. However, the risk of engraftment failure and rejection
was higher in those patients, including MM patients, who had not received prior intensive
chemotherapy for the treatment of their underlying malignancies. The hypothesis that the
risk of graft-failure and the TRM of myeloablative conditionings could be circumvented
by introducing a tandem approach of an autologous transplant followed, 2—4 months
later, by a non-myeloablative TBI based allograft was clinically investigated. The rationale
for this tandem autologous-allogeneic approach was to separate in time the high-dose
cytoreduction with melphalan (200 mg/m?) and the curative graft-vs.-myeloma with the
potential of drastically reducing TRM and mortality. Of note, the burden of tumor erad-
ication was almost totally shifted to donor-derived T cells. Initially, the Seattle group
reported 52 newly diagnosed MM patients, treated with this tandem modality, with a
complete remission rate of 48% while PFS and OS were 48% and 69% respectively [20].
The same tandem concept was also developed by Kroger et al. in Germany with the
conditioning of melphalan, fludarabine, and anti-thymocyte globulin using both related
and unrelated donors [21,22]. In the early 2000s, the tandem autologous-allogeneic ap-
proach was the only innovative procedure in the armamentarium of MM treatments that
could be clinically investigated. Thus, before the era of so-called new drugs with potent
anti-myeloma effects, prospective randomized clinical trials comparing allografting after
non-myeloablative/reduced-intensity conditioning and double autologous transplantation
were designed. The concept of Mendelian or genetic randomization was applied. This
concept relies on the biological process through which offspring inherit genetic traits half
from each parent. One in four siblings is then expected to have a potential HLA-identical
sibling donor. Comparing by the intention-to-treat analysis patients with HLA-identical
siblings, who could be assigned to allografting, and those without such siblings, who could
only receive an autograft, was a surrogate for an unbiased randomization.

Table 2. Allografting in multiple myeloma after the introduction of non-myeloablative/reduced intensity conditionings.

Reference

Type of Conditioning/
Study Design

Transplant-Related
Mortality

Event Free Survival or

Progression-Free
Survival

Overall Survival

Non-myeloablative /Prospective
Phase II Auto-Allo in Newly
Diagnosed MM

0% at 100 days

NR

78% at 552 days

Reduced-Intensity / Prospective
Phase II Auto-Allo in Newly
Diagnosed MM

11% at 100 days

70% at 13 months

76% at 13 months

Reduced Intensity /Prospective
Phase II Auto-Allo from
Unrelated Donors

10% at 100 days

53% at 2 years

74% at 2 years

Reduced Intensity /Prospective
Comparison Auto-Allo vs.
Tandem Auto in High Risk

Newly Diagnosed MM

11% vs. NR

19 vs. 22 months

34 vs. 49 months

[26,27]

Non-myeloablative /Prospective
Randomised Auto-Allo vs.
Tandem Auto in Newly
Diagnosed MM

16% vs. 2% at 6.5 years

35 vs. 29 months

80 vs. 54 months

Reduced Intensity /Prospective
Comparison Auto-Allo vs.
Tandem Auto in High Risk

Newly Diagnosed MM

16% vs. 5%

Not reached vs. 31 months

Not reached vs. 58 months
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Reference

Type of Conditioning/
Study Design

Transplant-Related
Mortality

Event Free Survival or
Progression-Free
Survival

Overall Survival

[29,30]

Non-myeloablative /Prospective
Randomised Auto-Allo vs.

Tandem Auto in Newly
Diagnosed MM

16% vs. 3% at 8 years

25% vs. 18% at 8 years
27% vs. 15% at 8 years

42% vs. 33% at 10 years
42% vs. 29% at 10 years

[31,32]

Non-myeloablative /Prospective
Randomised Auto-Allo vs.

Tandem Auto in Newly
Diagnosed MM

20% vs. 9% at 6 years
20% vs. 11% at
10 years

22% vs. 25% at 6 years
18% vs. 19% at 10 years

59% vs. 60% at 6 years
44% vs. 43% at 10 years

Non-myeloablative /Prospective
Randomised Auto-Allo vs.

Tandem Auto in Newly
Diagnosed MM

NR

43% vs. 39% at 3 years
22% vs. 12% at 8 years

75% vs. 68% at 3 years
49% vs. 36% at 8 years
48% vs. 27% at 10 years

[35]

Multiple
regimens/Retrospective

Haploidentical Allografting in

MM Relapsed/
Refractory Patients

10% at 18 months

33% at 18 months

63% at 18 months

Multiple
regimens/Retrospective

Haploidentical Allografting in

MM Relapsed/
Refractory Patients

21% at 1 year

17% at 2 year

48% at 2 year

Multiple regimens/Prospective
Randomised Auto-Allo vs.
Tandem Auto in MM Patients in

First Relapse

27% at 5 years

NR

31% vs. 9% at 7 years

Abbreviations: MM multiple myeloma, NR: not reported.

A first such study comparing two trials on high-risk MM, in the light of elevated
serum p2-microglobulin and del(13), was initially reported by the French group [23,24].
All patients received an autograft (melphalan 220 mg/m?). Sixty-five with HLA-identical
sibling donors were then treated with an allograft after a regimen combining busulfan,
fludarabine, and high-dose anti-thymocyte globulin. Outcomes were compared with
219 high-risk patients who received a second autograft (melphalan 220 mg/m?). TRM and
response rates did not significantly differ. After a median follow-up of 2 years, OS and
event-free survival (EFS) were 35% and 25%, and 41% and 30% for the double autologous
and the autologous-allogeneic groups, respectively. This study was criticized for the use of
high dose anti-thymocyte globulin that, though probably reduced the incidence of chronic
graft vs. host disease to 7%, prevented potentially curative GvM. The first study which
showed superior results with the auto-allo tandem approach was reported by the Italian
group [25,26]. Two-hundred-forty-five consecutive newly diagnosed myeloma patients, up
to 65 years, diagnosed between 1998-2004 were included. Patients received VAD-based
regimens followed by standard autograft (melphalan 200 mg/m?). Eighty patients with
HLA-identical siblings were offered non-myeloablative TBI conditioning followed by an
allograft. Eighty-two patients without HLA-identical siblings were assigned to receive
a second autograft after high-dose or intermediate doses of melphalan (140-200 mg/m?,
and 100 mg/m?, respectively). In the first report, at a median follow-up of 45 months,
OS and EFS were significantly longer in patients with donors: 80 vs. 54 months and
35 vs. 29 months. Having an HLA-identical sibling was the only independent variable
significantly associated with longer OS and EFS. Overall, in patients who completed the
assigned treatments as per protocol arms, TRM was 10% and 2%, respectively. Median
OS was not reached in the tandem auto-allo group and was 58 months in the tandem
autologous group. EFS was 43 and 33 months, respectively. In the latest update, more than
7 years from diagnosis, the median OS was not reached in the auto/allo group vs. 4.2 years
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in the tandem auto group (p = 0.001) [26]. The long-term follow-up is a major strength of
the study through the number of patients enrolled in the two cohorts is low. The Spanish
study PETHEMA [27] enrolled only 25 patients in the auto-allo arm who were compared to
85 patients who received auto-auto. In this study design, only patients who did not reach
CR or near CR after the autograft were eligible to either the allograft or a second autograft
in the light of the availability of an HLA-identical sibling donor. Conditioning regimens
used for the allograft were melphalan and fludarabine, while for the second autograft
was cyclophosphamide, BCNU, etoposide (CBV), or high-dose melphalan. The difference
was not statistically significant between the two arms, though the median time for PFS
and OS were superior in the auto-allo cohort. The HOVON-50 study [28,29] enrolled
260 patients. One hundred-twenty-two had an HLA-identical sibling donor. Ninety-nine
out of the 122 patients with a donor were treated with an auto/allo approach, whereas
patients without a donor received a tandem auto/auto or maintenance with thalidomide
after the first autograft. By intention to treat analysis, no significant differences in PFS or
OS between the two groups at 8 or 10 years. However, when only the 99 patients who
completed the protocol receiving the allograft (n = 99) were compared to the 122 who
continued maintenance or received a second auto, there was a significant advantage in PFS
for the allo patients at 8 years, this did not translate into a significantly better OS. The largest
multicenter prospective study is the BMT-CTN 0102 trial [30]. It accrued 710 patients under
the age of 70 years of age; 625 had the standard-risk disease. One hundred-fifty-six (83%)
of 189 patients with the standard-risk disease were treated with the auto-allo (200 cGy
TBI) in the light of absence/presence of an HLA-identical sibling donor; and 366 (84%)
of 436 without donors tandem auto/auto (high-dose melphalan, 200 mg/m?). Primary
endpoints in standard-risk myeloma (32 microglobulin < 3.0 mg/L and absence of deletion
13 by classic karyotyping) were OS and PFS. In the initial report, there was no statistically
significant difference in 3-year PFS or OS between the two cohorts. In a recent update [31],
there was still no significant difference between PFS and OS at 6 and 10 years, respectively,
in standard-risk patients whereas allo patients with high-risk disease had better long-term
clinical outcomes. The second-largest multicenter study, the EBMT study [32,33], included
357 patients from 23 European centers. Patients younger than 70 years of age with an
HLA-identical sibling were allocated to auto-allo (n = 108) and those without to tandem
auto (n = 249). Trial results were first published in 2011 [32] and updated in 2013 [33] with
a median follow-up of 96 months. PFS and OS were significantly superior in the auto-allo
cohort as compared to the single auto or tandem auto at that time (22% vs. 12% (p = 0.027,
and 49% vs. 36% (p = 0.030), at 96 months). The reason for the superior PFS and OS in
the auto-allo cohort was a lower relapse rate despite higher TRM. Of note, at a follow-up
of 36 months, there was no significant difference in PFS or OS indicating that long-term
follow-up is necessary to see the benefits of the allograft. By protocol analysis, comparing
the patients who had received the auto-allo transplant (n = 92) with those who received
tandem auto (n = 104), the same differences were confirmed.

Importantly, two meta-analyses which included some of these studies were carried
out [34,38]. In the first one, published in 2013, Armeson et al. used a comprehensive
search strategy of published and unpublished reports including six clinical trials. Their
findings showed that in the upfront management of MM, auto-allo was associated with
higher TRM and CR rates without improvement in clinical outcomes (OS and PFS) [34,38].
However, the most recent meta-analysis employed an individual patient data analysis
that included the Italian study, the Spanish PETHEMA, the EBMT—NMAM2000, and
BMT-CTN studies for a total of 1338 patients, 439 in the auto-allo group and 899 in the
auto-auto group respectively [38]. At a median follow-up of 118.5 months, 5-year OS,
and 10-year OS were 62% vs. 59%, and 44% vs. 36% at 10 years (p = 0.01) for auto-allo
and tandem auto respectively, whereas 5-year PFS and 10-year PFS were 30.1% vs. 23.4%
(p = 0.01) and 18.7% vs. 14.4% (p = 0.06) for auto-allo and tandem auto. Overall, this
individual patient data analysis showed a significantly longer PFS and OS with the auto-
allo approach. However, the study also stresses the importance of a long follow-up to
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evaluate the difference between the two transplant modalities. Moreover, the advantage of
the allo-auto approach may partly be due to a long-term effect of GvM, but, most likely, to
the synergy of the residual donor T cells at relapse and the rescue with novel anti-myeloma
agents with immune-modulatory activities.

4. Haplo-Identical Transplantation

The use of post-transplant cyclophosphamide (PT-Cy) to selectively deplete allo-
reactive T cells has allowed to considerably increase the number of haploidentical-HCT.
The encouraging clinical findings reported in other malignancies prompted investigators
to evaluate the role of haploidentical-HCT also in relapsed/refractory myeloma [35,36,39].
Castagna et al. reported on a series of 30 heavily pretreated MM patients who received
haplo-HCT with PT-Cy as GVHD pro-phylaxis. Cumulative incidences of relapse/progres-
sion and non-relapse mortality at 18 months were 42% and 10%, respectively. Cumulative
incidences of grade II-IV acute GVHD and chronic GVHD were 29% and 7%. After a
median follow-up of 25 months, 18-month progression-free survival (PFS) and overall
survival (OS) were 33% and 63%, respectively [39]. A larger series was reported in a
retrospective EBMT/CIBMTR study that included 96 patients, transplanted between 2008
and 2016, who had relapsed and all had received a prior autologous transplant. PT-Cy
was administered to 73 patients and the remaining patients received non-PT-Cy-based
GVHD prophylaxis regimens. After a median follow-up of 2 years, 2-year progression-free
survival (PFS) was 17%, and overall survival (OS) was 48%. At 2 years, the cumulative
risk of relapse/progression was 56%, and 1-year non-relapse mortality (NRM) was 21%.
Incidence of grade II-IV acute GVHD and chronic GVHD were 39% and 46%, respec-
tively [35]. Though patient series were rather heterogeneous, chemo-refractory disease at
transplantation was invariably associated with lower clinical outcomes. However, both
studies showed an association between the use of PT-Cy and substantially improved OS, en-
couraging further studies of haploidentical-HCT in patients with MM. These encouraging
results also led to further investigation. In a recent study, the hypothesis that natural killer
(NK) cell alloreactivity may reduce MM relapse in the setting of a haploidentical-HCT was
evaluated. A prospective phase 2 study using a killer cell immunoglobulin-like receptor
(KIR)-ligand mismatched haploidentical donor included 12 patients with poor-risk MM.
The graft source was bone marrow. The primary endpoint was 1.5-year PFS. All patients
relapsed within a median time of 90 days leading to a premature study termination in the
light of predefined stopping rules. In this small patient series with chemo-refractory MM,
NK cell KIR mismatch was not superior to conventional allo-SCT [36].

5. Allografting in Refractory/Relapsed Myeloma and High-Risk Disease

The emergence of new agents with potent anti-myeloma activity and the conflicting
results of allografting in newly diagnosed myeloma patients with the tandem auto-allo
approach did not allow to identify a definite role for allografting in the upfront setting,
and an allograft became more commonly used in the setting of relapsed/refractory dis-
ease [37,40—-42]. Moreover, in the early 2000s disease stratification by cytogenetics analysis
was not routinely carried out, and, at that time, the only del13qg- was thought to be primarily
associated with poor prognosis. Among others [37,40-42], a significant study was reported
by Patriarca et al. where the Authors compared 79 patients who received an allograft
at first relapse with 90 patients, without an available HLA-identical donor, who were
then treated with combinations of bortezomib and immunomodulatory drugs. Patients
who received an allograft showed a significantly better 7-year OS and PFS of 31% and
9% compared to 18% and 0%, respectively [43,44]. Of note, this study was an updated
analysis of a previous report where clinical outcomes were not different between the 2 co-
horts of patients stressing once more that long-term follow-up is needed to evaluate the
potential effects of an allograft [43,44]. Several other studies have been reported [37,40-42].
However, the often relatively small numbers of the patient series, the retrospective nature,
and a not standardized maintenance approach make it difficult to define the real role of
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allografting in the setting of refractory/relapsed patients. However, in the attempt to reach
a consensus on clinical recommendations, members from four scientific societies (including
the International Myeloma Working Group, the American Society of Blood and Marrow
Transplantation and Cell Therapies (ASBMT), the European Society of Blood and Marrow
Transplantation (EBMT), and the Blood and Marrow Transplant Clinical Trials Network)
agreed that allografting should be considered in patients with early relapse (less than
24 months from diagnosis) after first-line treatment with an autograft or in those patients
with high-risk features such as poor cytogenetics and plasma cell leukemia [45]. Preferably,
patients should be enrolled in well-designed prospective trials.

Currently, cytogenetic abnormalities are routinely evaluated to establish prognosis
in MM patients at diagnosis and at different follow-up timepoints. Aberrations such
as dell7p, t (4, 14), t (14; 16), gain (1q), and del8p have clearly been associated with
poor clinical outcomes. Unfortunately, these aberrations were not known when most
biological randomized studies, before the era of new drugs, were designed in newly
diagnosed patients. Dell3q was initially the first chromosomal abnormality that was
associated with poor outcome but is now primarily considered a surrogate marker of
other aberrations. Whether GvM, especially if combined with anti-myeloma agents, may
overcome the poor prognosis determined by certain cytogenetic aberrations remain a
matter of debate. In an update of the EBMT-NMAM?2000 study, del13q-pos patients in the
autograft cohort did worse than del13g-neg patients. However, there was no difference
in clinical outcomes between dell3q-neg patients and dell3g-pos patients in the auto-
allo cohort shoeing that GvM might overcome the negative effects of this aberration [33].
More recently, a phase 3 trial by Knop et al. compared tandem auto-auto vs. auto-allo
(with reduced-intensity conditioning) in patients with newly diagnosed MM and del13q.
The availability or absence of an HLA-identical matched donor determined the nature
of the second transplant. The primary endpoint was PFS by intention-to-treat analysis.
At a median follow-up of 91 months, median PFS was 34 vs. 21 months in the auto-allo
cohort vs. tandem auto (p = 0.003), whereas OS was 70.2 versus 71.8 months (p = 0.856),
respectively. However, in patients carrying both del13q and del17p, median PFS and OS
were 37.5 and 61.5 months in the auto-allo (n = 19) vs. 6.1 and 23.4 months in the tandem
auto cohort (p = 0.0002 and 0.032). These findings suggest a survival benefit for the first-
line allografting in high-risk MM [46]. In another interesting report by Kroger et al. [47],
16 out of 73 patients carrying del17p13 and/or t (4; 14) who had received tandem auto-allo
(reduced-intensity conditioning) experienced similar 5-year PFS as those without such
aberrations (24% vs. 30%, respectively, p = 0.70) suggesting that GvM might overcome the
poor prognostic impact associated with chromosomal abnormalities.

6. Allogeneic Transplantation and Novel Agents: An Immunological Synergy

Most of the randomized trials comparing auto-allo vs. auto-auto in the upfront
setting were designed before the era of new drugs. However, multiple treatment choices
became available at the time of relapse as newer agents, over the years, were approved
for MM patients. Giaccone et al. reported for the first time the observation that OS after
relapse was significantly longer in the auto-allo cohorts as compared to tandem auto [26].
These preliminary findings were also confirmed by Gahrton et al. in an update of the
EBMT- NMAM 2000 experience [33]. A larger retrospective analysis was carried out at the
Center for International Blood and Marrow Transplant Research (CIBMTR) [48]. Htut et al.
compared post-relapse OS after auto-allo vs. tandem auto in patients prospectively reported
to the CIBMTR between 2000 and 2010. Overall, after a median follow-up of 8.5 years,
404 patients (72%) had relapsed in the auto-auto cohort and 178 (67%) in the auto-allo
cohort group. Interestingly, at six months after the second transplant, in the auto-allo
group, 46% of the total relapses had already occurred as compared to 26% in the auto-
auto group. However, 6-year post-relapse OS was 44% in the auto-allo group and 35%
in the auto-auto group (p = 0.05). Of note, by multivariate analysis, both groups had
a similar risk of death during the first year after relapse, nonetheless, for time points
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beyond 1 year, the auto-allo group had significantly superior OS (p = 0.005). The recurrent
observation that there appears to be a synergy between donor-derived T cells and the
immunologic effects of several anti-myeloma agents may partly be explained by recent
functional studies. Wolschke et al. showed that lenalidomide enhances both NK and T
cell-mediated anti-myeloma activity after allografting; while Kneppers et al. showed that
lenalidomide increases HLA-DR + T cell subsets indicating T cell activation [49,50].

7. Minimal Residual Disease (MRD) and Graft-vs.-Myeloma

GvM, potentially curative for MM, consists of an immunological response of donor
T cells against myeloma cells through the recognition of possibly disease-specific anti-
gens. This evidence was initially documented by the achievement of CR following dis-
continuation of immunosuppression or after the infusion of donor T cells in patients
with post-transplant relapse [13,51,52]. Some Investigators, however, reported that the
strongest predictors for response to donor lymphocyte infusions were acute and chronic
GvHD [53-56] indicating that GvHD and GvM may share the same antigenic targets
(Figure 2). Bruno et al., however, reported that the development of chronic GVHD was not
correlated with CR rates and response duration [26] suggesting that subclinical long-term
graft-vs.-host reactions may occur in the absence of GVHD. Flow cytometry and PCR meth-
ods are more sensitive than standard immunofixation to evaluate the death of response and
may help to identify treatment algorithms capable of eradicating the disease [57,58]. Thus,
the application of studies on MRD is currently expanding [58]. The possible achievement
of molecular remission (MR) by PCR methods is further evidence for GvM. High rates of
prolonged MR, a reliable indicator of maximal reduction and potential disease eradication,
were initially reported after myeloablative conditioning [59,60]. The predictive value of
molecular monitoring after a myeloablative allograft was assessed by a European Group
for Blood and Marrow Transplantation (EBMT) longitudinal study on patients who reached
clinical CR [60]. Of 48 evaluable patients, 16 (33%) attained durable post-transplant PCR-
negativity after transplantation, whereas 13 (27%) remained persistently PCR-positive and
19 (40%) showed a mixed pattern. The cumulative risk of relapse at 5 years was 0% for PCR-
negative patients, 33% for PCR-mixed patients, and 100% for PCR-positive patients [60].
More recently, durable MR has also been reported with non-myeloablative conditioning
where the burden of tumor eradication is completely shifted toward donor T cells and
their ability to generate graft-vs.-myeloma effects. After a remarkable median follow-up of
12 years in a cohort of 26 patients treated with the tandem auto-non myeloablative allo ap-
proach, Ladetto et al. reported that the achievement of MR by nested-PCR was significantly
associated with better long-term OS and EFS [61]. Not only median durations of both OS
and EFS had not been reached at follow-up, but some patients had been disease-free and
off-therapy up to 20 years (Figure 3). It is interesting to notice that in the EBMT study
the occurrence of MR was observed in the early post-transplant follow-up whereas after
the non-myeloablative conditioning patients usually achieved MR later, up to one-year
post-transplant. This phenomenon may be explained by the immediate cytoreductive effect
of high dose conditionings, which mainly included 12 Gy TBI or high-dose busulphan, as
compared with the low dose TBI (2 Gy) non-myeloablative conditioning. Overall, these
studies report MR rates second to no other treatment approaches in MM.
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Figure 2. Graft-vs.-myeloma effect by histology (H&E staining). (A) biopsy proven myeloma cutis
at day +19 post-allograft; (B) biopsy proven skin graft-vs.-host disease at day +45; (C) biopsy of
myeloma cutis at day +60 showing lymphocyte infiltration and dying plasma cells. (Courtesy of Dr.
D. Novero).

Dgn M.W. D +29 +29 +100 +100 +230 +230 +390 +390

Figure 3. Graft-vs.-myeloma (GvM) and minimal residual disease (MDR) by nested PCR analysis.
The patient reached molecular remission (sensitivity 1/10°) in peripheral blood at one-year post-
allograft and later in the bone marrow indicative of ongoing GvM. The patient has remained in
continuous MDR negative remission for 20 years (Courtesy of Drs. M. Ladetto and D. Drandi) [61].

8. Graft-vs.-Myeloma Effects: The New Frontiers

In recent years, chimeric antigen receptor (CAR) T-cell therapy has changed the im-
munotherapy paradigm of relapsed/refractory MM with unprecedented overall response
rates [62-64]. However, patients appear to ultimately relapse despite obtaining initial high
CR rates and none of these current autologous therapies have been approved. Importantly,
main issues such as long-term clinical outcomes, toxicities, and management of compli-
cations limit their widespread use. Moreover, autologous CAR T therapies have major
limitations such as lengthy vein-to-vein turnaround time and manufacturing constraints.
Thus, allogeneic CAR T therapies may then offer an alternative to these limitations. Geneti-
cally engineered “off-the-shelf” allogeneic CAR T cells may dramatically change the current
CAR T-cell scenario in the future. Allogeneic CAR T cell therapies use healthy donor T cells,
may decrease cost, and enable broader availability [65]. Notwithstanding, allogeneic CAR-
T bears the intrinsic risk for GVHD. Thus, sophisticated technology such as TALEN- and
CRISPR-based gene editing has been introduced to manufacture allogeneic CAR-T with off-
the-shelf availability [66,67]. Overall, the current role of CAR-T in the treatment paradigm
of MM remains to be investigated. Simpler structures and multi-target approaches may
dramatically improve efficacy and safety. Long-term outcome analyses and specific detec-
tion and evaluation of CAR-T dynamics in vivo are essential to allow deeper knowledge of
their potentials. Cytogenetic high-risk features, patient selection, timing of infusion during
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the disease phase are other factors to be strictly considered to define their role. Currently,
these strategies are being investigated in preclinical and early clinical trial settings and may
reshape the indications of allografting, which so far remains the most established form of
cell immunotherapy with well-documented graft-vs.-leukemia/tumor effects.

9. Conclusions

Over the last two decades, dramatic improvements have been made in the treatment
of MM. It is widely assumed that recent results of large randomized trials undoubtedly
affirm the role of ASCT with novel potent anti-myeloma agents combined both in the
pre-transplant induction and in the post-transplant maintenance/consolidation phases.
Nonetheless, the disease remains fatal and in ultra-high/high-risk patients clinical out-
comes are very poor with survival rates of few years. Given the remarkable concomitant
reduction in toxicity of allografting in recent years, there are still areas to thoroughly
investigate where the potential GVM could be of benefit for MM patients. The inclusion
in control trials would be recommended. Unfortunately, large prospective control studies
evaluating the combination of new drugs with allo-HSCT have never been appropriately
designed. The real effects of well-designed strategies combining allografting and newer
agents will regretfully remain unknown. In patient subsets where long-term disease con-
trol cannot be expected even with the current wide armamentarium of treatment options,
allografting may play an important role to increase the chance of better long-term survival.
Clinical trials should be considered in young newly diagnosed ultra-high-risk /high-risk
patients and in those who relapse early (18 months), regardless of baseline prognostic
features, from first-line treatment. In the future, an “allo” platform may be exploited in the
context of other cell therapies such as donor-derived CAR T-cells and NK cell infusions or
immunotherapies such as bispecific T cell engagers and bispecific killer cell engagers to
evoke stronger anti-tumor effects in appropriate high risk/relapsed patient populations.
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