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Background
How tandem autologous-allogeneic stem cell transplantation should be integrated in the treat-
ment of multiple myeloma remains controversial. We examined the long-term outcome of
patients with multiple myeloma managed with tandem autologous-allogeneic stem cell transplan-
tation and present a prognostic factor analysis based on the experience of the Société Française de
Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC).

Design and Methods
This French, retrospective, registry-based study included 146 patients who had undergone tan-
dem autologous-allogeneic transplantation for multiple myeloma at 20 SFGM-TC centers
between 1998 and 2010. The patients included in the study had fully completed the two steps of
a planned tandem autologous-allogeneic transplantation. No treatment had to be administered
between the autologous and allogeneic parts of the tandem procedure.

Results
Seventy-seven patients (53%) underwent tandem autologous-allogeneic transplantation as part of
upfront treatment, i.e. after a single line of treatment not including autologous transplantation.
The median follow-up from the allogeneic transplant was 47.5 months (range, 1.2-132 months).
At 4 years, the overall survival and event-free survival rates were 48% (95% CI 39-57 %) and 27%
(95% CI 19-36), respectively. Eighteen patients (12%) experienced grade III-IV acute graft-versus-
host disease and 43 patients (30%) had chronic graft-versus-host disease. The transplant-related
mortality rate at 1 year was 15% (95% CI 10-22). Patients receiving tandem transplantation as
upfront treatment had significantly improved event-free survival (36% versus 11%; P=0.005) and
overall survival (56% versus 34%; P=0.02). Donor’s age ≤50 years was associated with improved
event-free survival (35% versus 16%; P=0.005) and overall survival (54% versus 41%; P=0.02). In
the multivariable analysis, upfront tandem transplantation, donor’s age ≤50 years and full
chimerism were independent prognostic factors for better outcome.

Conclusions
We confirmed the feasibility of tandem autologour-allogeneic transplantation in heavily treated
patients with multiple myeloma. We identified younger donor’s age and upfront tandem trans-
plantation as two independent prognostic factors for survival which could be further explored in
prospective studies.
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Introduction

The so-called tandem autologous-allogeneic stem cell
transplantation (SCT) is a sequential two-step procedure
which combines tumor burden reduction by high-dose
chemotherapy followed by autologous SCT and the graft-
versus-myeloma effect mediated by immunocompetent
lymphocytes following allogeneic SCT.1,2 The feasibility of
tandem autologous-allogeneic SCT, initially described in
resistant lymphomas3 has been demonstrated by several
studies in multiple myeloma (MM).4-7 However, given the
relatively limited number of patients, various issues relat-
ed to tandem SCT remain unsolved. In the largest series
reported so far8,9 including 102 MM patients, the median
overall survival was more than 6 years and median event-
free survival was 3 years. Another retrospective study on
17 MM patients undergoing tandem autologous-allogene-
ic SCT reported 2-year overall and event-free survival
rates of 74% and 56%, respectively.10 Bruno published the
results of a series of 100 newly diagnosed MM patients
who underwent tandem autologous-allogeneic SCT.11
With a median follow-up of more than 5 years, the medi-
an event-free survival was 37 months. Collectively these
results indicate that tandem autologous-allogeneic SCT is
a potential treatment for MM patients, having a beneficial
impact on survival.
To further characterize the benefit of tandem autolo-

gous-allogeneic SCT in MM, studies comparing its effica-
cy to double autologous-SCT have been conducted in
newly diagnosed MM patients. In the French Intergroupe
Francophone du Myélome (IFM) study, high-risk patients
[with β2 microglobulin >3.5 mg/L and chromosome 13
deletion (del13)] were randomized to either double autol-
ogous SCT or tandem autologous-allogeneic SCT.12,13 The
comparison of the two treatment arms suggested a trend
for a better overall survival in the double autologous SCT
arm (P=0.07). Event-free survival was not statistically dif-
ferent between the two arms (P=0.58). In an Italian study,
both overall and event-free survival were significantly bet-
ter in the tandem autologous-allogeneic SCT arm (P=0.01
and 0.02, respectively).14 In the Spanish PETHEMA study,
MM patients not in complete response or near complete
response after a first autologous SCT were randomized to
either a second autologous SCT or a non-myeloablative
allogeneic SCT.15 This study did not find any significant
difference in either overall survival or event-free survival
between the two arms. The conflicting conclusions of
these three studies might be attributed to differences in
the patients’ prognostic factors (high versus standard risk),
the randomization criteria for tandem transplantation
(HLA-matched donor available versus quality of response
after autologous SCT) and the allogeneic conditioning reg-
imen (total body irradiation 2 Gy versus fludarabine-mel-
phalan).
In order to identify the best candidates for tandem

autologous-allogeneic SCT, recent prospective studies
included cytogenetic data. MM patients were randomized
to double autologous SCT or tandem autologous-allo-
geneic-SCT when an HLA-matched sibling donor was
available. In the US BMT CTN102 phase III trial, there
was no significant benefit in survival between the two
treatment arms, in either high-risk (β2 microglobulin ≥4
mg/L and del13) or standard-risk patients, whereas the 3-
year overall survival rates in the tandem autologous-allo-
geneic SCT arm were 59% and 77%, respectively.16,17 In

the recently published EBMT study, the 5-year overall sur-
vival rates were 65% and 58% in the tandem autologous-
allogeneic SCT and autologous SCT arms, respectively
(P=0.006).18 For patients with del13, the overall survival
rate was 69% in the autologous-allogeneic SCT arm versus
55% in the autologous SCT arm (P=0.003). For patients
with no del13, overall survival was not statistically differ-
ent between the two arms. Thus, an improvement or
trend to an improvement was observed in both standard
(no del13) and high-risk (presence of del13) prognostic
groups receiving tandem autologous-allogeneic SCT com-
pared to autologous SCT. In the German DSMMM group,
the 3-year overall survival rate for newly diagnosed MM
patients with del13 was 60% in the tandem autologous-
allogeneic SCT arm, which was not significantly different
from that in the double autologous SCT arm.19 In the
upfront setting, the benefit, in terms of survival, of tandem
autologous-allogeneic SCT and the best candidates for this
procedure remain unclear.
In this context, we report the experience of the Société

Française de Greffe de Moelle et de Thérapie Cellulaire (SFGM-
TC) on tandem autologous-allogeneic SCT in MM. We
present long-term follow-up data and an analysis of prog-
nostic factors for the largest series published so far.

Design and Methods

Patients
This was a French, retrospective, registry-based study

which included 146 patients who had undergone tandem
autologous-allogeneic SCT for MM at 20 SFGM-TC cen-
ters. The patients included in the study had fully complet-
ed both steps of a planned tandem autologous-allogeneic
transplantation. No treatment had to have been adminis-
tered between the autologous and allogeneic parts of the
tandem transplantation. The decision to perform tandem
transplantation was taken by each participating center.
Given the retrospective nature of the study, the criteria for
performing tandem transplantation or not could not be
further characterized and the number of patients with-
drawn at any stage before autologous SCT or between the
autologous and allogeneic transplants of the tandem could
not be assessed. For each patient, the following data were
recorded at diagnosis in the French SFGM-TC database:
demographics (age, gender), biological factors (level and
type of serum paraprotein and urinary light chains, serum
level of creatinine and β2 microglobulin, and cytogenetics
when available). Stage was assessed according to the
Durie-Salmon and International Staging System classifica-
tions.20 Conventional cytogenetic metaphases and del13
were studied with fluorescent in situ hybridization (FISH)
analysis for 13q14. Approval was obtained from the
SGFM-TC Scientific Board and the Ethics Committee of
the Institut Gustave Roussy in accordance with the
Declaration of Helsinki. Results were analyzed as of June
30, 2010.

Tandem autologous-allogeneic procedure
Patients included in this study received an induction reg-

imen before tandem autologous-allogeneic SCT according
to institutional protocols or IFM guidelines. A treatment
line before tandem autologous-allogeneic SCT was
defined as an induction regimen which did not include an
autologous transplantation. Autologous stem cells were



mobilized using granulocyte colony-stimulating factor
with or without intermediate-dose (3 g/m2) cyclophos-
phamide depending on the policy of the participating cen-
ter. After peripheral blood stem cell collection, patients
underwent autologous SCT prepared by high-dose
chemotherapy (melphalan 200 or 140 mg/m2 according to
renal function). A tandem SCT performed after a single
line of treatment, i.e. with no preceding autologous SCT,
was defined as an upfront tandem SCT. Patients were con-
sidered to have chemosensitive disease if they had a com-
plete response, very good partial response, partial
response or minimal response, whereas they were consid-
ered to have refractory disease if they had either stable
disease or progressive disease. Supportive care for all
transplants was performed according to each centers’ pol-
icy.

Assessment of response
Based on clinical and laboratory data recorded in the

SFGM-TC database and collected from participating cen-
ters for the purpose of this analysis, disease response was
evaluated according to IMWG criteria21 before the autolo-
gous SCT, between the autologous and allogeneic trans-
plants of the tandem, and within 6 months after comple-
tion of the planned tandem procedure (best response after
allogeneic SCT).

Study end-points
The primary end-points were the overall response rate,

event-free survival, overall survival and transplant-related
mortality following completion of the whole tandem pro-
cedure. We also assessed engraftment, chimerism, and
acute and chronic GVHD. Peripheral blood stem cell or
bone marrow donor-recipient chimerism was determined
after the allogeneic SCT at the usual days and as clinically
indicated, through analysis of DNA microsatellite poly-
morphisms by polymerase chain reaction in sex-matched
cases and through conventional cytogenetic analysis by G-
banding or FISH studies for the Y-chromosome in sex-mis-
matched cases. GVHS was diagnosed and clinically graded
according to established criteria.22,23 Patients who had suc-
cessful engraftment and survived for at least 4 weeks were
evaluable for acute GVHD, whereas patients surviving for
at least 100 days were evaluable for chronic GHVD.
Transplant-related mortality was defined as deaths related
to the allogeneic transplant of the tandem procedure.

Statistical analysis
Overall survival was calculated from the time of inclu-

sion into the study (i.e. from the date of the allogeneic
transplant of the tandem procedure) until the date of death
from any cause. Data on patients who did not die were
censored on the last date they were known to be alive.
Event-free survival was calculated from the date of allo-
geneic transplantation until the date of disease progres-
sion, disease relapse, or death or the date of the last visit.
The probabilities of overall and event-free survival were
estimated using the Kaplan-Meier method. The occur-
rence of transplant-related mortality and GVHD was esti-
mated by the cumulative incidence method. The impact
of several variables on overall survival, event-free survival
and transplant-related mortality was tested using log-rank
tests. The factors found to be statistically significant
(P≤0.05) in univariate analyses were entered into a step-
wise Cox model to determine their independent contribu-

tion to survival (overall survival, EFS, transplant-related
mortality).24

Results

Patients’ characteristics at diagnosis (Table 1)
Forty patients (56%) displayed del13. In 34 patients, this

aberration was isolated, in five patients the del13 was
accompanied by t(4;14) and one patient had both del13
and del17.

Characteristics of the tandem autologous-allogeneic
stem cell transplantation (Table 2)
The median time between diagnosis and the autolo-

gous transplant of the tandem procedure was 8 months
(range, 2-340 months); for two patients with Durie-
Salmon stage I MM, the median was >300 months. After
several years with no therapy, these two patients required
late treatment because of evolving MM. Among the 93
patients (64%) who received the autologous SCT of the
tandem as their first autologous-SCT, 77 (53%) received
tandem autologous-allogeneic SCT as upfront therapy.
One hundred and twenty-four patients (86%) had
chemosensitive disease before the tandem SCT.
Induction treatment consisted of the vincristine, doxoru-
bicin and dexamethasone (the VAD regimen) in 124
patients (85%), whereas the remaining patients received
bortezomib-based treatments. All except two patients
received high-dose chemotherapy (melphalan 140 or 200
mg/m2) followed by autologous stem cell support. For the
allogeneic transplant of the tandem procedure, 65 patients
(45%) received a conditioning regimen including total
body irradiation. T-cell depletion was performed in vivo
(with antithymocyte globulin, ATG) for 84 patients (58%)
and ex vivo for seven patients (5%). Among the 146
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Table 1. Patients’ characteristics at diagnosis.
Patients’ characteristics                           Median;                Number

                                                      range [min-max]     of patients (%)

Gender
Male                                                                                                    86 (59%)
Female                                                                                               60 (41%)

Age (Years)                                                  51; range [21-66]
β2 microglobulin (77 missing values)    4; range [1-30]

> 3 mg/L                                                                                            48 (70%)
Isotype (6 missing values)

IgG, IgA, IgD                                                                                     108 (75%)
Light chain, non secretory                                                            32 (25%)

Durie Salmon stage (13 missing values)
Stage I/II                                                                                            25 (19%)
Stage III                                                                                            108 (81%)

ISS score (71 missing values)
Score 1/2                                                                                           48 (64%)
Score 3                                                                                               27 (36%)

Renal stage (48 missing values)
Stage A                                                                                               82 (84%)
Stage B                                                                                               16 (16%)

Cytogenetics (67 missing values and 8 failures)
Chromosome 13 deletion                                                             40 (56%)

Percentages are calculated after exclusion of missing values. ISS indicates International
Staging System.
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patients of the cohort, one patient received a haploidenti-
cal transplantation. HLA and sex mismatches were pres-
ent in 16 (11%) and 67 (46%) of the patients, respectively.
The median age of the donors at allogeneic SCT was 49

years (range, 22-70 years, excluding four patients trans-
planted with cord blood grafts). No primary or secondary
graft failure was observed. One hundred and twenty-five
of the patients (86%) achieved full donor chimerism in
the first 3 months after allogeneic SCT.

Disease response and relapse (Table 3)
The overall response rate was 87% before allogeneic

SCT, including 29 patients (20%) with a complete
response, 13 patients (9%) with a very good partial
response and 83 patients (58%) with a partial response.
After allogeneic SCT, the overall response rate reached
88%, including 61 patients (44%) with a complete
response, 20 patients (14%) with a very good partial
response and 41 patients (30%) with a partial response.
Due to the retrospective nature of the study, the time of
achievement of the best response after allogeneic SCT
could not be assessed precisely. Of the four patients who
had cord blood transplants, all were alive at the time of
analysis: one had a complete response, two had very good
partial responses and one had a partial response. The hap-
loidentical transplant recipient died 1 month after the tan-
dem procedure from a viral infection. Sixty-six patients
(46%) have relapsed after allogeneic SCT. Among them,
29 patients (20%) received donor lymphocyte infusions
(DLI) as treatment for the relapse, with a median time
from allogeneic SCT of 10 months (range, 3-76 months).
In 25 cases the DLI were from a related donor and in four
cases from an unrelated donor. Nine patients who
received DLI are in complete response at the current fol-
low-up. Treatment of relapse other than DLI was not
recorded in the database. At the time of statistical analysis,
77 patients (53%) of the cohort are alive. Among them, 72
patients are alive without relapse: 44 patients have a com-
plete response, three have a very good partial response
and seven have a partial response.

Morbidity and causes of death after tandem stem cell
transplantation (Table 4)
Acute GVHD developed in 55 patients (38%): 37

patients (26%) had grade I-II acute GVHD and 18 (12%)
had grade III-IV GVHD which was the cause of death in
six patients. Chronic GVHD was evaluable in 141
patients. Forty-three patients (30%) developed chronic

Table 3. Disease response (IMWG criteria) according to time of evalu-
ation.
Time of evaluation Before Before Best response

Auto-SCT Allo-SCT after Allo-SCT

Number of evaluated 145 144 138
responses
Complete response 10 (7%) 29 (20%) 61 (44%)
Very good partial response 13 (9%) 13 (9%) 20 (14%)
Partial response 94 (65%) 83 (58%) 41 (30%)
Minimal response 7 (5%) 6 (4%) 1 (1%)
Stable disease 10 (7%) 6 (4%) 5 (4%)
PD or relapse 11 (7%) 7 (5%) 10 (7%)
Overall response 117 (81%) 125 (87%) 122 (88%)
(CR or VGPR or PR)
CR: complete response; PD: progressive disease; PR: partial response ; VGPR: very good
partial response.

Table 2. Characteristics of the tandem autologous (auto)-allogeneic
(allo) SCT.

Median; Number 
range [min-max] of patients (%)

Auto-SCT of the tandem procedure
Time since diagnosis (months) 8; range [2-340]
Number of treatment lines 
before auto SCT of the tandem

1 77 (53%)
2 56 (38%)
3 6 (4%)
≥ 3 7 (5%)

Number of auto SCT before tandem
0 93 (64%)
1 35 (24%)
2 18 (12%)

Upfront tandem auto allo-SCT
Yes 77 (53%)

Status before auto SCT 
of the tandem (1 missing value)

Chemosensitive disease 124 (86%)
Auto SCT conditioning regimen

Melphalan 140 or 200 mg/m² 144 (99%)
Melphalan-Velcade 2 (1%)

CD34+ dose (¥106/kg) 4.0; range [1.0-19.7]
(48 missing values)

Allo-SCT of the tandem procedure
Patients’ age at allo SCT (years) 53; range [25-70]
Time since auto SCT 98; range [42-252]
of the tandem (days)
Status before allo SCT 
of the tandem (2 missing values)

Chemosensitive disease 131 (91%)
Allo-SCT conditioning regimen

Myeloablative 17 (12%)
Busulfan-cyclophosphamide 2 (1%)
Cyclophosphamide-total body irradiation 15 (10%)

Non-myeloablative 129 (88%)
Busulfan-fludarabine 76 (52%)
Fludarabine-total body irradiation 36 (25%)
Other 17(12%)

CD34+ dose (¥106/kg) 5.7; range [0.2-16.4]
(35 missing values)
Stem cell source

Peripheral blood stem cells 136 (93%)
Cord blood 4 (3%)
Bone marrow 6 (4%)

Donor
Sibling 115 (79%)
Unrelated donor 31 (21%)

GVHD prophylaxis (43 patients 
received both CSA- and MMF-
based prophylaxis)

CSA-based 144 (99%)
MMF-based 45 (31%)

Percentage are calculated after exclusion of missing values; CSA: cyclosporine; Cy:
cyclophosphamide; GVHD: graft-versus-host disease; MMF: mycophenolate mofetil.



GVHD: 17 patients had limited disease (12%) and 26
(18%) had extensive disease. Extensive chronic GVHD
was fatal in one patient. Infection developed in 53 patients
(36%). Transplant-related mortality rates at day 100 and 1
year after allogeneic SCT were 6.3% (95% CI 3.4-11.5)
and 15% (95% CI 10-22), respectively. Among tandem-
related complications, 21 patients died of infection, includ-
ing seven bacterial, four viral and four fungal infections.
Seven patients died of GVHD (6 acute GVHD and 1
chronic GVHD) and one patient died of veno-occlusive
disease. Five patients died from a second hematologic dis-
ease or cancer, including one acute myeloid leukemia, one
B-cell lymphoma and one pancreatic cancer. For two
patients, the type of second cancer was not specified. The
median follow-up after the tandem procedure was 47.5
months (range, 1.2-132 months). In univariate analysis,
younger donor’s age was significantly associated with a
reduced transplant-related mortality, with a median trans-
plant-related mortality of 8% (95% CI 3-16) in patients
≤50 years versus 24% (95% CI 15-36) in patients >50 years
(P=0.006). Online Supplementary Table S1A summarizes the
results of univariate analysis for transplant-related mortal-
ity. Two independent factors were found to be predictive
of transplant-related mortality after tandem autologous-
allogeneic SCT in the multivariable Cox’s regression mod-
els. Donor’s age >50 years was associated with a higher
risk of transplant-related mortality [hazard ratio
(HR)=3.86, 95% CI 1.49-9.97; P=0.006]. The number of
autologous transplants before the tandem procedure was
also an independent predictor of higher risk of transplant-
related mortality (HR=1.91, 95% CI 1.15-3.19; P=0.01).
Online Supplementary Table S1B summarizes the results of
multivariable analysis for transplant-related mortality.

Survival
The post-tandem event-free survival rate reached 27%

(95% CI 19-36). The event-free survival curve demon-
strates a continuous risk of disease recurrence with no
plateau. The post-tandem overall survival rate was 48%
(95% CI 39-57) (Figure 1). Younger patient’s age at diagno-
sis (≤50 years) was associated with better survival (P=0.05
for overall survival and P=0.02 for event-free survival).
The median overall survival of patients for whom the tan-
dem transplants were performed as an upfront procedure
was significantly better: 56% (95% CI 45-67) versus 34%
(95% CI 21-50) (P=0.02) (Figure 2A). As for overall sur-
vival, the median event-free survival of patients trans-
planted upfront was significantly higher (36%; 95% CI
26-47) than that in patients in whom the procedure was
not upfront (11%; 95% CI 4-26) (P=0.005) (Figure 2D).
Univariate analyses for overall and event-free survival did
not show any significant difference according to cytoge-
netics (presence or absence of del13) (Figure 2BE). Overall
survival for patients without del13 was 60% (95% CI 40-
78) versus 43% (95% CI 28-59) for those with del13
(P=0.2). Event-free survival for patients without del13
reached 26% (95% CI 13-46) versus 18% (95% CI 8-34) for
those with del13 (P=0.53). No statistically significant dif-
ference in survival was observed according to the type of
donor (related or unrelated): 51% (95% CI 41-60) versus
31% (95% CI 14-56) for overall survival and 26% (95% CI
18-36) versus 27% (95% CI 12-50) for event-free survival.
As for the type of donor, no statistically significant differ-
ence in overall or event-free survival was observed
depending on the type of allogeneic conditioning regimen

(myeloablative or non-myeloablative) (Online
Supplementary Table S1A). Younger donor’s age was signif-
icantly associated with a better overall survival: median
54% (95% CI 41-67) for patients ≤50 years versus 41%
(95% CI 29-55) for patients >50 years (P=0.02) (Figure 2C).
Younger donor’s age was also associated with an
improved event-free survival: median 35% (95% CI 24-
48) for patients ≤50 years versus 16% (95% CI 8-28) for
patients >50 years (P=0.005) (Figure 2F). Online
Supplementary Table S1A summarizes the results of the uni-
variate analyses for overall and event-free survival. Two
independent factors were found to be predictive for both
overall and event-free survival after the tandem autolo-
gous-allogeneic SCT in the multivariable Cox’s regression
models. Donor’s age >50 years was associated with a
worse overall survival (HR=1.99, 95% CI 1.22-3.25;
P=0.006). Higher donor’s age was also associated with a
worse event-free survival (HR=2.13, 95% CI 1.40-3.25;
P=0.0004). Achievement of full chimerism after the tan-
dem SCT was associated with a better outcome (overall
survival: HR=0.46, 95% CI 0.25-0.86; P=0.02; event-free
survival: HR=0.35, 95% CI 0.2-0.61; P=0.0002). Online
Supplementary Table S1B summarizes the results of multi-
variable analysis for overall and event-free survival.

Discussion

We identified an upfront procedure as a significant fac-
tor for improved survival after tandem autologous-allo-
geneic SCT. When tandem SCT was performed as an
upfront procedure, the event-free survival was 36% (95%
CI 26-49) versus 11% (95% CI 4-26) when it was not
employed upfront (P=0.005). In our multivariable analysis,
upfront tandem was an independent factor for better
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Table 4. Morbidity and causes of death after tandem autologous-allo-
geneic-SCT.
Transplant morbidity Number of patients (%)

Acute GVHD
Grade I 14 (10%)
Grade II 23 (16%)
Grade III 12 (8%)
Grade IV 6 (4%)

Chronic GVHD
Limited 17 (12%)
Extensive 26 (18%)

Infection 53 (36%)
Causes of death Number of patients = 69

Transplant procedure* 33
Infection 21
- Bacterial 7
- Viral 4
- Fungal 4
- Not specified 6

GVHD (6 acute GVHD, 1 chronic GVHD) 7
Veno-occlusive disease 1
Other 4

Relapse/progression 31
Other cause (second cancer) 5

*Six patients experienced both GVHD and infection.
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event-free survival (HR=0.56, 95% CI 0.37-0.85; P=0.006).
In a prospective setting, for 100 newly diagnosed MM
patients undergoing tandem autologous-allogeneic SCT,
Bruno reported 5-year overall and event-free survival rates
of 65% and 40%, respectively, with a median follow-up of
5 years.11 In a small retrospective series of 23 relapsed MM
patients, Karlin showed the feasibility of tandem trans-
plantation with a 2-year overall survival rate of 61%.25
However, the median follow-up was short (27.4 months)
and the recently published EBMT study has emphasized
the need for a prolonged follow-up to determine the ben-
efit on survival of tandem autologous-allogeneic SCT.18
Finally, in the Seattle series of 102 MM patients, 5-year
overall and progression-free survival rates were 64% and
36%, respectively, with a median follow-up of 6.3 years.8
In this series, only 20% of the patients had received more
than one induction treatment for relapsed/refractory MM
with no autologous transplantation prior to the tandem
autologous-allogeneic SCT. In the multivariable analysis, a
period of more than 10 months between starting treat-
ment and the autologous transplant of the tandem proce-
dure was correlated with shorter survival, but differences
according to the number of treatment lines before the tan-
dem procedure failed to reach statistical significance. In
our series, 47% of the patients had received more than
one line of treatment before the tandem SCT. Our results
suggest that considering tandem autologous-allogeneic
SCT early in the course of MM should further improve the
benefit of tandem transplantation in the long-term control
of the disease.
The incidences of acute and chronic GVHD were low in

our cohort. In the Seattle series,8 among 102 patients trans-
planted after 2 Gy total body irradiation with or without
fludarabine, 42% experienced grade II-IV acute GVHD
and 74% extensive chronic GVHD. In the PETHEMA
study,15 among 25 patients receiving allogeneic SCT from
HLA sibling donors after fludarabine and melphalan, the
incidence of grade II-IV acute GVHD was 32%, and the
incidence of chronic GVHD was 66%. The low incidence
of GVHD in our study was possibly correlated to the
important number of patients (91, 62%) experiencing a T-
cell depletion procedure, either ex vivo (7 patients) or in vivo
with ATG (84 patients, 58%). The incidence of GVHD we
report here is similar to that of the studies including ATG
as part of the conditioning regimen.26 In the study pub-
lished by Kröger,10 patients received a regimen based on
fludarabine, melphalan and ATG (rabbit, Fresenius) (30
mg/kg). The incidence of grade II-III acute GVHD was
38% and that of chronic GVHD 40%. In the French IFM
study,12,13 46 MM patients in the autologous-allogeneic
SCT arm received busulfan, fludarabine and ATG. Patients
received ATG (rabbit, Genzyme) at a dose of 2.5 mg/kg for
5 days. The incidence of grade II-IV acute GVHD was
23.9% and that of extensive chronic GVHD 35.7%.
Compared to the IFM study, we used a reduced dose of
ATG at 2.5 mg/kg for 2 or 3 days. However, we did not
observe a higher rate of GVHD. Beside its low incidence,
GVHD was rarely fatal in our study with seven deaths
related to GVHD (6 acute GVHD and 1 chronic GVHD).
In our series the transplant-related mortality rate at 1

year was 15%. In the relapse setting, Karlin reported on a
single-center experience of tandem autologous-allogeneic
SCT in 23 MM patients:25 the 1-year transplant-related
mortality rate was 17%. Our cohort included heavily
treated patients with 53 (36%) having had a prior autolo-

gous SCT before the tandem procedure and 69 (47%) hav-
ing been treated with more than one line of therapy before
the tandem SCT. In the Seattle series,8,9 with a median fol-
low-up of 6.3 years, transplant-related mortality was 18%
but none of the patients had received an autologous SCT
prior to the tandem SCT. As for the patients’ characteris-
tics, the transplant characteristics in our study put patients
at higher risk, with 17 patients (12%) having received
myeloablative allogeneic conditioning and 31 patients
(21%) transplanted from unrelated donors. In the studies
mentioned above, MM patients received a non-myeloab-
lative conditioning regimen based on 2 Gy total body irra-
diation. Furthermore, all patients, except 10 among 23 in
the study by Karlin,25 were transplanted from HLA-identi-
cal sibling donors. In our univariate analysis, the number
of autologous SCT before the tandem autologous-allo-
geneic SCT was a significant factor for transplant-related
mortality (P=0.03). There was a trend for a lower trans-
plant-related mortality when the tandem SCT was per-
formed as an upfront procedure, with a transplant-related
mortality of 10% (95% CI 5-20) versus 20% (95% CI 12-
31) (P=0.08). The transplant-related mortality of patients
who had not had a prior autologous SCT or had had one
prior autologous SCT was not different (12 and 14%,
respectively), whereas the transplant-related mortality
rate was much higher (33%) for patients who had had
two autologous SCT prior to the tandem procedure.
These results could explain the lack of significance of
upfront tandem for transplant-related mortality.
Collectively, our results confirm the feasibility of tandem
autologous-allogeneic SCT in a highly pretreated cohort.
In our cohort, 48 patients (70%) had a high β2

microglobulin (>3 mg/L). This parameter was not signifi-
cantly associated with a poorer survival. In the Seattle
series,8,9 only 44% of the patients had a high β2 microglob-
ulin (>3.5 mg/L). In multivariable analysis, the authors
identified β2 microglobulin >3.5 mg/L at diagnosis as a
predictive factor of worse outcome (P=0.03 for overall sur-
vival; P=0.04 for progression-free survival). No firm con-
clusion could be drawn on the prognostic impact of del13,

Figure 1. Kaplan-Meier estimates of overall survival (OS), event-free
survival (EFS) and 1 minus the transplant-related mortality (1-TRM)
following tandem autologous-allogeneic (allo)-SCT.
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Figure 2. Overall survival (OS) and event-free survival (EFS) according to the status of the tandem procedure, cytogenetics and donor’s age.
(A) OS according to the status of tandem autologous (auto) - allogeneic (allo)-SCT. (B) OS according to the presence of del13. (C) OS accord-
ing to donor’s age. (D) EFS according to the status of tandem auto-allo-SCT. (E) EFS according to the presence of del13. (F) EFS according
to donor’s age.
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given the limited FISH data (18 patients). In our study, the
presence of del13 was not predictive of a worse outcome
with an overall survival of 43% (95% CI 28-59) when
del13 was present versus 60% (95% CI 40-78) when it was
not (P=0.2). Recently, Gahrton reported a better survival
for patients with del13 who received tandem autologous-
allogeneic SCT compared to those managed with autolo-
gous SCT.18 Our results are in accordance with those pre-
viously published by the IFM.12,13 In the IFM 99.03 study,
no survival benefit was demonstrated in the tandem autol-
ogous-allogeneic SCT arm and the authors concluded that
the tandem procedure might be best indicated for stan-
dard-risk patients. Furthermore, all patients in the two
above studies and 90% in the Seattle series had received
anthracycline-based induction (VAD) or similar treatment.
Based on the results of the IFM 2005 study showing the
superiority of bortezomib-dexamethasone (VD) with
regards to response, regardless of adverse cytogenetics,
VAD has been progressively replaced by VD.27,28
Therefore, 14 patients (10%) in our cohort received VD as
induction, which could have contributed to the lack of sig-
nificance of del13 on survival after tandem autologous-
allogeneic-SCT.
We identified donor’s age as a significant factor for sur-

vival after tandem. When the donor’s age was ≤50 years,
overall survival was 54% (95% CI 41-67) versus 41% (95%
CI 29-55) (P=0.02). In multivariable analysis, donor’s age
>50 years was an independent factor for worse overall sur-
vival (HR=1.99, 95% CI 1.22-3.25; P=0.006). When
donor’s age was >50 years, the 1-year transplant-related
mortality was 24% (95% CI 15-36) versus 8% (95% CI 3-
16) for the older donors (P=0.006). No correlation was
found between donor’s age and allogeneic conditioning
regimen (myeloablative or not), donor type (sibling or
unrelated) and HLA mismatches (data not shown). In our
cohort, older donor’s age failed to be associated to with an
increased incidence of GVHD or decreased cellularity of
the CD34+ allogeneic stem cell source (data not shown).
Donor’s age has been previously studied in both myeloab-
lative and non-myeloablative allogeneic transplant condi-
tioning settings.29,30 It has been hypothesized that as a
donor’s age increases, both repopulation and homing abil-
ities of the donor stem cells become impaired.31,32 Donor’s
T lymphocytes are also affected by telomere shortening
and decreased effector activity.33 Altogether, immune
reconstitution in recipients of allogeneic transplants from
younger donors is better. The reasons for improved sur-

vival with a younger donor and potential link with the
graft-versus-myeloma effect could not be further clarified
in our study. Our results emphasize that donor’s age
should be a key criterion when selecting MM patients for
tandem autologous-allogeneic SCT.
Here we have reported the French experience on the

largest series published on tandem autologous-allogeneic
SCT in MM. In multivariable analysis, an upfront tandem
procedure and donor’s age ≤50 years were identified as
two independent prognostic factors for improved survival.
With the limits of a retrospective study, we underline that
both patients’ pre-transplant characteristics (tandem as an
upfront procedure) and intrinsic properties of the stem cell
source (donor’s age) are important for the outcome of the
tandem SCT. Finally, our study was initiated before the
introduction of induction and maintenance regimens
based on novel agents. The prognostic impact of these fac-
tors does, therefore, have to be further confirmed in
prospective studies including the new MM induction
treatments34 and post-transplant maintenance strategies.35
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