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Abstract

The role of autologous-allogeneic tandem stem cell transplantation (alloTSCT) followed by maintenance as upfront treat-
ment for multiple myeloma is controversial. Between 2008 and 2014 a total of 217 multiple myeloma patients with a me-
dian age of 51 years were included by 20 German centers within an open-label, parallel-group, multicenter clinical trial to 
compare alloTSCT to autologous tandem transplantation (autoTSCT) followed by 2 years of maintenance therapy with tha-
lidomide (100 mg/day) in both arms with respect to relapse/progression-free survival (PFS) and other relevant outcomes. 
A total of 178 patients underwent a second transplant (132 allogeneic, 46 autologous). PFS at 4 years after the second 
transplant was 47% (95% CI: 38-55%) for alloTSCT and 35% (95% CI: 21-49%) for autoTSCT (P=0.26). This difference increased 
to 22% at 8 years (P=0.10). The cumulative incidences of non-relapse mortality and of relapse at 4 years were 13% (95% CI: 
8-20%) and 2% (95% CI: 0.3-2%) (P=0.044) and 40% (95% CI: 33-50%) and 63% (95% CI: 50-79%) (P=0.04) for alloTSCT and 
autoTSCT, respectively. The difference for relapse/progression increased to 33% (alloTSCT: 44%, autoTSCT: 77%) at a medi-
an follow-up of 82 months (P=0.002). Four-year overall survival was 66% (95% CI: 57-73%) for alloTSCT and 66% (95% CI: 
50-78%) for autoTSCT (P=0.91) and 8-year overall survival was 52% and 50% (P=0.87), respectively. In conclusion, alloTSCT 
followed by thalidomide maintenance reduced the rate of recurrence or progression during a follow-up period of up to 10 
years but failed to improve PFS significantly. This study was registered with ClinicalTrials.gov (NCT00777998).

Introduction

Multiple myeloma is the second most frequent hema-

tologic malignancy and is considered to be an incurable 
disease. Novel agents which have been introduced into 
the treatment of multiple myeloma, such as proteasome 
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inhibitors, immunomodulatory agents, monoclonal anti-
bodies and, more recently, chimeric antigen receptor T 
cells, have substantially improved overall survival (OS) 
and are included as induction, consolidation, and main-
tenance therapy in the context of autologous stem cell 
transplantation (SCT) in younger patients. However, de-
spite high numbers of complete and measurable residual 
disease-negative remissions, the vast majority of patients 
will eventually relapse.
Allogeneic SCT carries the potential benefit of a graft-ver-
sus-myeloma effect resulting in a lower risk of relapse in 
comparison to that following autologous SCT but with the 
risk of higher morbidity and transplant-related mortality.1-3 
To lessen toxicity, reduced-intensity or non-myeloablative 
conditioning regimens have been introduced and have 
resulted in a decreased mortality rate in comparison 
to that associated with standard myeloablative condi-
tioning.4-6 To increase antimyeloma efficacy, sequential 
autologous-allogeneic tandem stem cell transplantation 
(alloTSCT) was introduced and investigated in several 
prospective studies in comparison to autologous-autol-
ogous stem cell transplantation (autoTSCT).7-14 While in 
nearly all of the studies higher complete remission rates 
and lower relapse incidences were observed after the 
autologous-allogeneic approach, only two studies showed 
significantly improved event-free and OS rates due to 
the generally higher non-relapse mortality.9,12 A recently 
published analysis with individual patients’ data from four 
of these trials showed a significantly improved progres-
sion-free survival (PFS) as well as OS after alloTSCT after 
a median follow-up of 10 years.15

Despite these results allogeneic SCT as in the autolo-
gous-allogeneic tandem approach has not become stan-
dard of care in the treatment of younger myeloma patients 
and none of the studies has included maintenance therapy 
after allogeneic SCT. Here we report early and long-term 
results of a prospective, multicenter study of autoTSCT 
versus reduced-intensity alloTSCT, both followed by main-
tenance therapy with thalidomide for 2 years.

Methods

Major inclusion criteria were myeloma stage II or III ac-
cording to Salmon and Durie staging system, age be-
tween 18 and 60 years, and a maximum of eight cycles 
of chemotherapy prior to registration independently of 
the response. Response was assessed according to the 
International Myeloma Working Group criteria. Major ex-
clusion criteria were severe renal, hepatic, pulmonary, or 
cardiac diseases, and preceding autologous SCT.
The study was an open-label, parallel-group, multicenter 
clinical trial designed to compare outcomes (PFS and OS) 
after alloTSCT or autoTSCT followed by 2 years of main-
tenance therapy with thalidomide (100 mg/day) in both 

arms. The patients could have received a maximum of 
eight induction cycles and escalating prophylactic donor 
lymphocyte infusions were allowed after alloTSCT.
Patients received an autologous peripheral blood SCT 
followed by allogeneic peripheral blood SCT if a matched 
related or unrelated donor was available; otherwise, or if 
they declined the allogeneic transplant, they received a 
second autologous peripheral blood SCT. This happened 
in only two patients. The patients’ characteristics are 
presented in Table 1. Appropriate donors were defined as 
a HLA-identical sibling or a 10/10 or 9/10 HLA-compatible 
unrelated donor.
The study had an observation period of 48 months, count-
ing from the second SCT. A long-term follow-up of disease 
status and patients’ survival covered a period of 10 years 
with a median follow-up of 82 months.
The primary endpoint was PFS, defined as the absence of 
relapse, progression or death from any cause, at 4 years 
after TSCT. Major secondary endpoints were cumulative 
incidence of relapse, disease-related mortality, non-re-
lapse mortality and OS, all at 4 years, in both arms.
The study was approved by the “Ärztekammer Hamburg” 
Ethics Committee.

Statistics
Relapse-free/PFS and OS were compared between the 
treatment groups using Kaplan-Meier survival analysis. 
Confidence intervals for treatment group risk differences 
were determined using the Greenwood method.16 Confirm- 
atory testing for 4-year PFS was performed in the full 
analysis set (i.e., the patients who underwent TSCT) us-
ing a log-rank test and a two-sided type I error level of 
α=0.05. For relapse/progression, disease-related mortality 
and non-relapse mortality were analyzed as competing 
risks. Exploratory post-hoc Cox regression analysis was 
used for subgroup analysis and for determining the in-
fluence of recipient age (≤ median vs. > median), sex, 
myeloma classification, Salmon & Durie stage at baseline 
(I or II vs. III), cytogenetic risk (del17p or t4;14 vs. other), 
maximum response to induction (complete remission vs. 
other), disease status before the second SCT (complete 
remission vs. other), Eastern Cooperative Oncology Group 
grade before the second SCT (0 vs. >0), in addition to 
type of TSCT, on relapse/PFS and OS. In the multiple Cox 
models investigating the influence of the different co-
variates, type of TSCT was always included (forced entry) 
whereas significant other co-variates were selected using 
backward elimination. Indicated P values are two-sided 
and are intended for descriptive interpretation except for 
the primary endpoint. All confidence intervals (CI) have 
a coverage of 95%.
The sample size was calculated on the basis of re-
lapse-free/PFS at 4 years, assuming 48-month event 
rates of 50% for alloTSCT and of 70% for autoTSCT. A total 
sample size of 185 patients (111 for alloTSCT and 74 for 
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autoTSCT) was estimated to provide at least 80% power 
to reject the null hypothesis in a log-rank test model.

Results

Patients’ characteristics and transplants
Between October 2008 and July 2013, a total of 217 pa-

tients with stage II/III multiple myeloma were recruited into 
the trial in 20 centers in Germany. The median number of 
induction chemotherapy cycles was three in both arms. 
Two-hundred and eight patients underwent a first auto- 
logous transplant after conditioning with melphalan 200 
mg/m2. A second transplant was performed in 178 patients, 
who were analyzed for efficacy (full analysis set) and safety. 
Reasons for withdrawal before the second SCT are shown 

Characteristics
All patients  

N=178
Auto-Allo TSCT 

N=132
Auto-Auto TSCT  

N=46

Age in years, median (range) 52 (26-61) 51 (26-61) 53 (34-61)
Sex, N (%)

Male
Female

101 (57)
77 (43)

74 (56)
58 (44)

27 (59)
19 (41)

Multiple myeloma subtype, N (%)
IgG
IgA
IgM
IgD
Light chain only
Missing data

92 (52)
39 (22)

2 (1)
2 (1)

40 (22)
3 (2)

70 (53)
26 (20)

2 (2)
2 (2)

31 (22)
1 (1)

22 (48)
13 (28)

0 (0)
0 (0)

9 (20)
2 (4)

International Staging System stage, N (%)
I
II
III
Missing data

49 (28)
43 (24)
33 (19)
53 (30)

33 (25)
32 (24)
27 (21)
40 (30)

16 (35)
11 (24)
6 (13)

13 (28)
Extramedullary disease at diagnosis, N (%)

No
Yes
Missing data

134 (75)
19 (11)
25 (14)

97 (74)
14 (11)
21 (16)

37 (80)
5 (11)
4 (9)

Cytogenetics,* N (%)
Del17p or t(4;14)
Missing data

32 (18)
50 (28)

24 (18)
37 (28)

8 (17)
13 (28)

Time between diagnosis and study inclusion in months, median (range) 5 (1-118) 4 (1-118) 5 (1-47)
N of induction cycles, median (range) 3 (1-8) 3 (1-8) 3 (3-8)
Induction chemotherapy, N (%)

VAD
ThalDex
BorDex
BorCyDex
Plus radiotherapy
Other

12 (7)
2 (1)

49 (27)
68 (38)

3 (2)
44 (25)

11 (8)
2 (2)

40 (30)
46 (35)

3 (2)
30 (23)

1 (2)
0 (0)

9 (20)
22 (48)

0 (0)
14 (30)

Best response after induction, N (%)
Complete remission
Partial remission
Stable disease
Progressive disease
Missing data

16 (9)
136 (76)

6 (3)
4 (2)

16 (9)

13 (11)
99 (75)

4 (3)
4 (3)

12 (9)

3 (7)
37 (80)

2 (4)
0 (0)
4 (9)

Time between 1st and 2nd SCT in days, median (range) 84 (49-209) 84 (49-209) 82 (53-204)
ECOG performance status at 1st SCT, N (%)

0
1
2
Missing data

80 (45)
70 (39)

4 (2)
24 (14)

60 (46)
49 (37)

3 (2)
20 (15)

20 (44)
21 (46)

1 (2)
4 (9)

*As determined by fluorescence in situ hybridization. Auto-Allo: autologous-allogeneic; TSCT: tandem stem cell transplantation; Auto-Auto: auto- 
logous-autologous; VAD: vincristine, doxorubicin and dexamethasone; ThalDex: thalidomide and dexamethasone; BorDex: bortezomib and dexa-
methasone; BorCyDex: bortezomib, cytarabine and dexamethasone; SCT: stem cell transplantation; ECOG: Eastern Cooperative Oncology Group.

Table 1. Characteristics of the patients in the full analysis set.
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in Figure 1. The second transplant was either allogeneic 
(n=132) or autologous (n=46). The allogeneic transplants 
were performed after conditioning with melphalan 140 mg/
m2, fludarabine 150 mg/m2, and anti-T-lymphocyte globulin 
(Grafalon®, Fa Neovii, Switzerland) 60 mg/kg for those from 
matched unrelated donors and 30 mg/kg for those from 
HLA-identical siblings, divided into three doses given on days 
-3, -2, and -1. The conditioning regimen prior to a second 
autologous SCT was melphalan 200 mg/m2. Seventy-nine 
patients (59.8%) received stem cells from an HLA-identical 
sibling and 53 (40.2%) from a matched unrelated donor, 
including four mismatched unrelated donors. One-hundred 
and eighteen patients of those receiving a second SCT (al-
loTSCT: 87, 66% of 132; autoTSCT: 31, 67% of 46) were alive 
at their individual endpoint of the original 48-month proto-
col. One-hundred and five patients (alloTSCT: n=78 [59%]; 
autoTSCT: n=27 [59%]) survived at the individual end of the 
long-term follow-up, with a follow-up duration of up to 124 
months (last patient last seen alive). The patients’ charac-
teristics are summarized in Table 1.

Time-to-event endpoints
Cumulative event rates for time-to-event endpoints are 
presented in Table 2.
For PFS, treatment group event rates were similar during the 
first 1.5 years after the second SCT whereas increasingly lower 
rates were observed in the alloTSCT group (as compared 
to the autoTSCT group) as the follow-up progressed, with 
event rate differences of 12% at month 48 and of 22% at 8 

years. The median PFS was 40.1 months (95% CI: 26.9-53.3 
months) for alloTSCT and 29.8 months (29.8-37.7 months) 
for autoTSCT. However, treatment group differences at 48 
months (primary endpoint) and at 8 years did not reach the 
nominal level of being statistically significant.
The treatment group differences in PFS were mainly driven 
by significantly lower incidences of myeloma relapse and 
progression in the alloTSCT group, with cumulative incidence 
rate differences of 23% at month 48 (P=0.011) and of 33% at 
8 years (P=0.002) (Figure 2A). Moreover, mortality following 
relapse or progression was also lower in the alloTSCT arm 
(Figure 2B). The cumulative incidence of non-relapse mor-
tality at 4 years was lower after autoTSCT at 2% (95% CI: 
0.3-2%) versus 13% (95% CI: 8-20%) after alloTSCT (P=0.01) 
(Figure 2C).
The mean OS was 82.2 months (95% CI: 73.5-90.8 months) 
for patients who underwent alloTSCT and 80.1 months (95% 
CI: 75.7-94.2 months) for those who underwent autoTSCT 
(Figure 2D).

Graft-versus-host disease
Any grade of acute graft-versus-host disease (GvHD) after 
allogeneic SCT was observed in 38% of the patients, and 
was grade 1 in 17%, grade 2 in 15% and grade 3 in 6%. GvHD 
after donor lymphocyte infusion (DLI) was observed in 55% 
(95% CI: 47-64%) of the patients, a rate only slightly higher 
than in those who did not receive DLI. Chronic GvHD was 
assessed during the first 4 years of the follow-up; the cu-
mulative incidence at month 48 was 61% (95% CI: 54-70%), 

Figure 1. A CONSORT diagram of the patients’ dis-
position in the trial. Auto: autologous stem cell 
transplantation. Allo: allogeneic stem cell trans-
plantation.
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and the last case of a first occurrence of chronic GvHD was 
observed at 26 months after the second SCT. No obvious 
increase in GvHD was seen after thalidomide treatment.

Thalidomide maintenance
According to protocol thalidomide 100 mg/day was to be 
given in both arms from day 120 after the second transplant 
(whether allogeneic or autologous) for a maximum of 2 years 
unless progression or intolerable toxicity occurred. 
Thirty-two patients (24%) in the alloTSCT arm and eight 
patients (17%) in the autoTSCT arm did not receive any tha-
lidomide in accordance with either the patients’ wishes or 
physicians’ decision, or because they did not survive until 
or progressed before the scheduled start of the treatment. 
Twenty-one percent of patients in the alloTSCT group re-
ceived thalidomide for at least 700 days and 55% received 

the drug for less than 700 days, compared to 24% and 59%, 
respectively, in the autoTSCT group. About 77% of the pa-
tients in both groups who were administered thalidomide 
received an initial daily dose of 100 mg while the remaining 
patients started at a dose of 50 mg/day. The maintenance 
dose for all patients except four in the alloTSCT group and 
one in the autoTSCT group was also 100 mg/day in accor-
dance with the study protocol. Among those receiving any 
dose of thalidomide, 44% in the alloTSCT arm and 53% in 
the autoTSCT arm stopped the drug because of toxicity.
Across both treatment groups, patients receiving thalido-
mide had a longer mean PFS (69.0 months, compared to 
60.8 months for all patients) and mean OS (91.0 months vs. 
81.8 months for all patients). The results are, however, likely 
biased by the fact that relapse, progression or mortality 
occurring before the start of thalidomide administration 

Responses and outcomes
Auto-Allo TSCT  

N=132
Auto-Auto TSCT  

N=46
P

Responses

Time to engraftment in days, median (IQR)
Leukocytes >1x109/L
Platelets >50x109/L

17 (14-22)
18 (13-29)

12 (11-16)
11 (10-15)

<0.001
<0.001

Best response after 2nd SCT, N (%)
Complete remission*
Partial remission*
Stable disease
Progressive disease
Missing data

93 (71)
27 (21)

1 (1)
5 (4)
6 (5)

25 (54)
14 (30)

1 (2)
4 (9)
2 (4)

0.029

Disease status at end of the 48 month study, N (%)
Complete remission*
Partial remission*
Stable disease
Progressive disease
Missing data

47 (36)
20 (15)

1 (1)
54 (41)
10 (8)

9 (20)
7 (15)
0 (0)

28 (61)
2 (4)

0.019

Outcomes, % (95% CI)

Relapse-/progression-free survival
At month 48
At end of follow-up

47 (38-55)
43 (34-51)

35 (21-49)
21 (9-36)

0.26
0.10

Relapse/progression*
At month 48
End of follow-up

40 (33-50)
44 (36-54)

63 (50-79)
77 (64-92)

0.01
0.002

Disease-related mortality*
At month 48
At end of follow-up

21 (15-30)
35 (26-47)

32 (21-50)
47 (32-69)

0.15
0.09

Non-relapse mortality (death in remission)
At month 48
At end of follow-up

13 (8-20)
13 (8-20)

2 (0.3-15)
2 (0.3-15)

0.04
0.04

Overall survival
At month 48
At end of follow-up

66 (57-73)
52 (41-62)

66 (50-78)
50 (32-67)

0.90
0.86

Table 2. Results after the second transplantation.

*Includes patients who died in remission. Auto-Allo: autologous-allogeneic; TSCT: tandem stem cell transplantation; Auto-Auto: autologous-au-
tologous; IQR: interquartile range; SCT: stem cell transplantation; 95% CI: 95% confidence interval. 
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decreased PFS and OS in the full analysis set but not in the 
subset of patients who received thalidomide. 

Donor lymphocyte infusion 
Prophylactic DLI could be given according to a local inves-

tigator’s discretion in an escalating fashion after stopping 
immunosuppressive medication and in the absence of signs 
of GvHD. Fifty-eight patients (50.4%) in the alloTSCT group 
received between one and six DLI. Of those 58 patients, 
35 received between one and three DLI and 23 received 

Figure 2. Outcomes after autologous-allogeneic versus auto- 
logous-autologous tandem stem cell transplantation followed 
by 2 years of thalidomide maintenance therapy in patients with 
newly diagnosed multiple myeloma. (A) Relapse/progression-free 
survival. (B) Cumulative incidence of relapse or progression. (C) 
Cumulative incidence of non-relapse mortality. (D) Overall sur-
vival. (E) Landmark analysis of progression-free survival accord-
ing to whether the patients received no, one to three, or more 
than three prophylactic donor lymphocyte infusions. SCT: stem 
cell transplant; DLI: donor lymphocyte infusions.

A

C

E

D

B
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more than three DLI. In a subgroup analysis of the alloTSCT 
group, the 6-year PFS rates of patients who did not receive 
DLI, patients who received one to three DLI, and patients 
who received more than three DLI were 39% (95% CI: 27-
51%), 43% (95% CI: 27-59%), and 57% (95% CI: 37-77%), 
respectively (P=0.24) (Figure 2E)

Treatment effects in subsets of patients
The effects of alloTSCT or autoTSCT in subsets of patients 
defined by various covariates were compared in a series of 
Cox regression analyses whose main results are presented 
in Figure 3A (PFS) and 3B (OS). For both outcomes, none 
of the covariates investigated showed a significant inter-
action with the type of TSCT. For PFS, trends for autoTSCT 
were observed for disease status before the second SCT, 
while patients with active multiple myeloma, those aged 
52 years or less and patients with high-risk cytogenetics 
had a more favorable outcome with alloTSCT. 

Covariates of relapse/progression-free and overall 
survival
Figure 4 presents the main results for the final step of 
the multivariate Cox regression analyses for PFS and OS. 
Accounting for all covariates in the final models, an allo-

geneic graft as the second SCT improved PFS by 38% and 
OS by 15% (point estimates) even though the associated 
coefficients were not statistically significant. For PFS, com-
plete remission after induction treatment was a significant 
positive prognostic factor while high-risk cytogenetics and 
delayed start of thalidomide treatment (or none at all) were 
associated with poor outcome. The latter two covariates 
were also prognostic factors for poor OS whereas com-
plete remission before the second SCT was associated 
with improved OS. No difference in OS was noted between 
recipients of grafts from HLA-identical siblings or matched 
unrelated donors (P=0.6)

Engraftment, remission, and disease status after the 
second transplant
The median period to leukocyte as well as platelet en-
graftment was significantly shorter after autoTSCT (Table 
2). No graft failure was observed. For best response after 
the second SCT as well as for disease status at the end 
of the 48-month clinical trial period, the proportions of 
patients in complete remission were greater after alloTSCT. 
Across all categories of response, treatment group dif-
ferences were statistically significant favoring alloTSCT, 
as also shown in Table 2. During the post-trial follow-up 

Continued on following page.
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period, the proportion of progression-free patients at 8 
years was about twice as high in the alloTSCT group as in 
the autoTSCT group.

Discussion

Allogeneic SCT can induce molecular remission in about 
50% of cases, as determined by highly sensitive patient-spe-
cific allele-specific oligonucleotide primers.17-19 This can 
result in long-term freedom from disease and eventually 
in cure.20 However, due to high therapy-related mortality, 
myeloablative conditioning allogeneic SCT has not become 
standard care of treatment, not even in younger patients 
or patients with high-risk features.20 The separation of a 
graft-versus-myeloma effect and high-dose chemothera-
py-related tumor killing by combining autologous SCT fol-
lowed by reduced-intensity allografting has raised interest 
in investigating allogeneic SCT in myeloma patients, with 
the hope of similar efficacy of myeloablative conditioning 
but less therapy-related toxicity and mortality.4-6,8 Mean-

while results of prospective studies comparing tandem 
autologous-allogeneic approaches with single or tandem 
autologous SCT have been published,7,9-14,21 but the findings 
have been contradictory.
Despite lower non-relapse mortality after reduced-intensity 
conditioning than after myeloablative conditioning, in all 
studies non-relapse mortality was higher after allogeneic 
SCT,  but due to a lower relapse incidence in two studies a 
significant benefit regarding PFS and OS was reported.9,12,13 
A long-term follow-up of individual patients’ data from four 
prospective trials has shown a significant benefit for PFS 
and OS in patients who underwent allogeneic SCT.15 Impor-
tantly, due to the higher early mortality after allogeneic SCT 
and the lower relapse rate, long-term follow-up is needed 
to see differences, and in most studies the Kaplan-Meier 
curves cross at about 3 years. 
In none of the mentioned studies was maintenance therapy 
included, although this has become the standard of care 
after autologous SCT.22-24 
In the present study we aimed to show that alloTSCT, includ-
ing transplants from matched unrelated donors, and tha-

B

Figure 3. Subgroup survival hazard ratios for patients with multiple myeloma who underwent autologous-allogeneic or autolo-
gous-autologous tandem stem cell transplantation. P values for treatment by covariate interactions are shown. (A) Relapse/
progression-free survival. (B) Overall survival. Auto-Allo: autologous-allogeneic tandem stem cell transplantation; Auto-Auto: 
autologous-autologous stem cell transplantation; SCT: stem cell transplantation; ECOG: Eastern Cooperative Oncology Group.
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lidomide maintenance therapy as well as DLI would result 
in an improved PFS in comparison to tandem autologous 
transplantation followed by thalidomide maintenance. The 
well-documented graft-versus-myeloma effect delivered 
by DLI1,2 and the capacity to enhance remission status af-
ter allograft25 by combining DLI with immunomodulatory 
drugs26,27 were the rationale for this post-transplant ther-
apy after allografting, further encouraged by the likewise 
well-documented effect of immunomodulatory drugs after 
autografting.28 Overall, the  incidence of acute GvHD was 
38% and only 6% experienced grade 3 acute GvHD. Notably 
the risk of GvHD was not obviously higher after DLI and 
thalidomide and the best PFS was seen in patients who 
received more than three DLI. Similarly to other studies, 
premature discontinuation of thalidomide due to toxicity 
was noted in 44% of the patients after allografting and 
in 53% after autologous transplantation. However, those 
patients who received thalidomide, regardless of the du-
ration of the treatment, had a longer PFS compared to 
those not given thalidomide, but this might be biased by 
the fact that some patients progressed, relapsed or died 
before the scheduled start of thalidomide – these cases 
were necessarily counted as ‘failures’ in the non-thalido-
mide subset.
Overall, the study failed to demonstrate its hypothesized 
primary endpoint which was a 20% improved PFS at 4 years 
by alloTSCT. At 4 years, the difference in PFS was only 12%. 
However, after the long-term follow-up at 8 years, the dif-
ference was 22% and no further relapses occurred after 
5 years in the alloTSCT arm. The observed 22% difference 
in PFS after 8 years did not reach statistical significance 
because of a lower number of patients who received a 
second autograft as planned and the overall rate of relapse 
after autoTSCT was lower than anticipated. In the study 
proposal we expected about 60% of the patients to receive 
allografts and 40% autografts, but in fact 74% of the par-
ticipants received an allograft and only 26% received an 

autograft due to greater availability of matched unrelated 
donors, which reduced the statistical power substantially. 
The non-relapse mortality of 13% after alloTSCT is in line 
with that in other studies including unrelated donors but 
it is still too high to be able to recommend alloTSCT for 
all patients regardless of the lower incidence of relapse. A 
major factor for improved outcome was complete remission 
after induction chemotherapy, whereas detection of del17p 
or t4;14 by fluorescence in situ hybridization was predictive 
of a worse outcome. Even if no statistical significance for 
alloTSCT was seen in patients with high-risk cytogenetics 
and aged less than 52 years, in a similar and recently pub-
lished, prospective trial, also including matched unrelat-
ed donors, a benefit was reported for patients harboring 
del17p who received alloTSCT. In our study the number of 
patients was too low to draw a meaningful conclusion on 
whether patients with high-risk cytogenetics will benefit 
more from allogeneic SCT.14 While maintenance therapy 
after autologous SCT is standard treatment, more studies 
are needed to investigate post-transplant maintenance 
therapies after allografting in myeloma. Given that all the 
patients in our study were scheduled to receive thalido-
mide, the impact of this maintenance therapy on PFS or 
OS cannot be determined.
What is the current role of allogeneic SCT in myeloma – if 
any? There has been rapid development of novel agents, 
especially antibodies and more recently chimeric anti-
gen receptor-T cells, which induce high rates of minimal 
residual disease-negative complete remissions with less 
toxicity and mortality compared to allografting. A recently 
published report of real-world evidence from the European 
Society of Blood and Marrow Transplantation documented 
decreased use of allogeneic SCT as upfront treatment in 
myeloma in more recent years, but an increasing use as 
salvage therapy after failure of an autograft. This analysis 
also showed that if allogeneic SCT is performed after mul-
tiple lines of pretreatment, long-term survival is unlikely.29 

Figure 4. Covariates of relapse/progression-free and overall survival – predictors in the final step of multivariate Cox regression 
models. 95% CI: 95% confidence interval; SCT: stem cell transplantation; PFS: progression-free survival; OS: overall survival.
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Unfortunately, clinical studies including allogeneic SCT are 
very rare, but according to the current data, which sug-
gest long-term benefits in some patients, the scientific 
community should not abandon allogeneic transplants, 
and a prospective comparison between allogeneic SCT 
and approved triple therapies in patients with relapsed 
multiple myeloma is ongoing in Germany, supported by 
health authorities in that country. 
In summary, alloTSCT, as compared to autoTSCT, reduced 
the rate of recurrence or progression of multiple myeloma 
by 23% at 4 years and by 33% at 8 years. During the same 
period, alloTSCT was also associated with an approximately 
one-third reduction of disease-related mortality, from 30% 
to 21%. However, the advantage in PFS after alloTSCT did 
not reach statistical significance. 
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