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A B S T R A C T
Although high-dose therapy and autologous stem cell transplant combined with novel agents continues to be the
hallmark of first-line treatment in newly diagnosed transplant-eligible multiple myeloma patients, the impact of
tandem autologous or autologous/reduced-intensity allogeneic transplant for patients with extramedullary dis-
ease (EMD) and high-risk cytogenetics is not yet defined. Here, we analyzed clinical and cytogenetic data from
488 adult myeloma patients with EMD undergoing single autologous (n = 373), tandem autologous (n = 84), or
autologous�allogeneic transplant (n = 31) between 2003 and 2015. At least 1 high-risk abnormality was present
in 41% (n = 202), with del(17p) (40%) and t(4;14) (45%) the most frequent. More than 1 high-risk abnormality was
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found in 54%. High-risk cytogenetics showed worse 4-year overall survival (OS) and progression-free survival
(PFS) of 54% and 29%, respectively, versus 78% and 49% for standard-risk cytogenetics (P < .001). Co-segregation
of high-risk abnormalities did not seem to affect outcome. Regarding transplant regimen, OS and PFS were
70% and 43% for single autologous versus 83% and 52% for tandem autologous and 88% and 58% for autologous�
allogeneic (P = .06 and P = .30). In multivariate analysis high-risk cytogenetics were associated with worse survival
(hazard ratio [HR], 2.00; P = .003), whereas tandem autologous significantly improved outcome versus single
autologous transplant (HRs, .46 and .64; P = .02 and P = .03). Autologous�allogeneic transplant did not significantly
differ in outcome but appeared to improve survival, but results were limited because of small population
(HR, .31). In conclusion, high-risk cytogenetics is frequently observed in newly diagnosed myeloma with EMD and
significantly worsens outcome after single autologous, whereas a tandem autologous transplant strategy may
overcome onset poor prognosis.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
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INTRODUCTION
For most multiple myeloma (MM) patients, plasma cell

proliferation is restricted to the bone marrow. However, a
subset of MM patients develops extramedullary myeloma,
defined by the presence of clonal plasma cells outside the
bone marrow resulting in extramedullary disease (EMD) [1].
The prevalence of EMD appears to have increased over the
past 15 years, resulting in about 20% of newly diagnosed
MM (NDMM) patients who had at least 1 site of extramedul-
lary involvement (ie, because of a broader use of sensitive
imaging techniques) [2,3]. The impact on outcome of EMD in
NDMM is influenced by different types of involvements and
by the number of involved sites [3,4]. More patients with
organ involvement may present with multiple involved
sites, which significantly contributes to worse outcome,
whereas comparisons of patients with single sites and para-
skeletal involvement after upfront transplant resulted in at
least similar 3-year progression-free survival (PFS) com-
pared with MM without EMD [3].

Studies demonstrated that MM is not only a clinically but
also genetically complex and heterogeneous disease [5]. Cyto-
genetic alterations are considered to have an important prog-
nostic value in MM, helping to identify high-risk patients [6,7].
Using fluorescence in situ hybridization, chromosomal
changes have been observed in bone marrow plasma cells in
about 90% of MM patients at initial diagnosis [8]. Several
abnormalities have been identified as independent negative
prognostic markers for survival of MM patients and were used
by consensus panels to categorize risk groups, including tests
for the presence of del(17p), t(4;14), t(14;16), t(14;20), gain
(1q), and del(1p) [6,9,10]. However, stratifications were not
specifically assessed for patients with NDMM EMD, whereas
reports suggest that abnormalities, such as del(17p), may
occur more frequently in EMD [11]. Furthermore, although
autologous stem cell transplantation and the development of
new agents have considerably increased the median survival
of MM patients, data suggesting specific treatment options for
different cytogenetic risk groups in NDMM specifically with
EMD are lacking.

The aim of this study was to describe the demographic and
clinical characteristics of NDMM patients with EMD in the
European Society for Blood and Marrow Transplantation
(EBMT) registry and available cytogenetic information who
underwent either single autologous (single auto), tandem
auto, or autologous/reduced-intensity allogeneic (auto�allo)
stem cell transplant and to evaluate the impact of cytogenetics
after different transplant strategies.
METHODS
Patients and Study Design

This study was performed in accordance with the principles of the Decla-
ration of Helsinki and was approved by the EBMT, a nonprofit, scientific soci-
ety representing more than 600 transplant centers, mainly in Europe. Data
are entered, managed, and maintained in a central database with Internet
access. Audits are routinely performed to determine the accuracy of the data.
Patients whose transplant data are reported provided informed consent to
use the information for research purposes, and data are anonymized.

We analyzed 488 adult patients with NDMM and extramedullary
involvement with cytogenetics available. Patients were included if they
received either single auto within 12 months from diagnosis, subsequent
autologous (tandem auto), or reduced-intensity conditioning (RIC) alloge-
neic transplant (auto�allo) within 6 months from first autograft as first-line
therapy. Transplants eligible for analysis should have been performed
between 2003 and 2015. Sites of involvement were defined in accordance
with recent findings as paraskeletal (resulting from bone lesions), organ
(resulting from hematogenous spread), and both [3,4]. Cytogenetics were
initially categorized according to previously established risk groups
[6,10,11]. Accordingly, high-risk cytogenetics were defined as presence of
at least 1 of the following abnormalities: del(17p), t(4;14), t(14;16), t
(14;20), gain(1q), and del(1p). Absence of abnormalities or other docu-
mented abnormalities (including other translocations or deletions, hyper-
or hypodiploidy) were categorized together with documented standard-
risk cytogenetics. Disease stage at diagnosis was determined according to
the International Staging System (ISS) and renal function according to Durie
and colleagues [12,13]. Performance status at transplant was assessed with
the Karnofsky performance status score [14]. Data on maintenance therapy
and diagnostic tools such as positron emission tomography�computed
tomography or magnetic resonance imaging are not routinely documented
in the EBMT registry and were thus missing.
Statistical Analysis
The primary objectives of the study were overall survival (OS) and PFS

within the first 4 years after first autologous transplant. OS was defined as
the time between transplant and death (from any cause) or last follow-up
(for censored observations). PFS was defined as the time from transplant to
disease progression or death from any cause. The secondary endpoints were
overall nonrelapse mortality (NRM) and cumulative incidence of relapse.
NRM was defined as death without evidence of relapse or progression, with
relapse or progression as competing events. Remission, progression, and
relapse were defined according to standard EBMT criteria [15].

Categorical variables were compared with Fisher’s exact test or chi-
squared test. Continuous variables were analyzed using the Mann-Whitney
U test for independent samples. Survival probabilities were estimated by
the Kaplan-Meier method, and the log-rank test was used for univariate
comparison. Median follow-up was calculated according to the reverse
Kaplan-Meier method. Cumulative incidences of relapse and NRM were
analyzed together in a competing risks framework. Subgroup differences in
cumulative incidences were analyzed using Gray’s test. All stratified analy-
ses of outcomes, except those related to transplant strategies, were ana-
lyzed from the time of first transplant. Landmark analyses were performed
to evaluate the outcomes related to transplant strategies in patients who
were alive and relapse free by 6 months after first transplant. To assess the
effect of multiple factors on OS and PFS, including transplant strategies,
landmarked Cox proportional hazards models were used to estimate hazard
ratios (HRs). The proportional hazards assumption was verified using
graphic methods. Scaled Schoenfeld residuals and graphic checks proposed



Table 1
Patient, Disease, and Transplant Characteristics (N = 488)

Characteristic No. of Cases
or Median

Percent
or Range
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by Klein and Moeschberger were performed to find evidence of violations.
All estimates are reported with corresponding 95% confidence intervals
(CIs), and P < .05 was considered statistically significant. All analyses were
performed using the statistical software R version 3.4.3 (R Foundation for
Statistical Computing, Vienna, Austria).
Sex

Female 201 41

Male 287 59

Median age, yr 59 25-77

Subtype

IgG 231 47

IgA 106 22

Light chain 120 24

Other Ig 8 2

Nonsecretory 23 5

ISS

I 152 36

II 140 34

III 124 30

Unknown 78

Renal impairment

A 361 79

B 95 21

Unknown 32

Karnofsky performance status, %

90-100 347 74

<90 120 26

Unknown 21

Cytogenetic risk

Standard 286 59

High 202 41

del(17p) 81 17

t(4;14) 90 18

gain(1q)/del(1p) 50 10

t(14;16) 13 3

t(14;20) 6 1

Disease site

Paraskeletal 374 77

Organ 87 18

Both 27 5
RESULTS
Patients

We developed the analysis on 488 NDMM patients with
EMD and available cytogenetic information after first-line sin-
gle auto (n = 373), tandem auto (n = 84), and auto�allo
(n = 31). At least 1 high-risk cytogenetic abnormality was pres-
ent in 202 patients (41%), with del(17p) and t(4;14) the most
frequent in these patients (40% and 45%, respectively). Of those
202 patients, 1 high-risk cytogenetic abnormality was found in
46%, whereas the remaining 54% had more than 1 high-risk
abnormality. Paraskeletal involvement was documented in
76% of patients and organ involvement in 18% of patients. Both
types of involvement were present in 6% of patients. One
involved site was present in 92% of patients. Stage III, perfor-
mance status < 90%, and MM subtypes other than light chain
were more frequent in high-risk cytogenetics. Notably, 47% of
patients with organ involvement had high-risk cytogenetics
compared with 40% of patients with paraskeletal involvement.

The median follow-up was 49 months (range, 44 to 53), and
median age was 59 years (range, 25 to 77). Conditioning before
first transplant consisted of melphalan and was given to most
patients at a dose of 200 mg/m2, whereas 30 patients received
a dose of 140 mg/m2. All auto�allo patients received RIC and
stem cells from peripheral blood. Matched related donors
were used for 11 and matched unrelated donors for the
remaining 20 auto�allo patients. Tandem auto and auto�allo
were received more frequently by patients with high-risk
cytogenetics (51% and 54%, respectively, versus 33% of all sin-
gle auto; P = .003). More patients receiving tandem auto had
disease stage II or higher according to ISS and showed less
than complete remission at time of first transplant compared
with single auto. Other characteristics were well balanced
between single auto and tandem auto cohorts. Patients under-
going auto�allo were younger, presented more frequently
with >1 involved site, and received induction containing non-
bortezomib regimens more often in comparison with single
auto. Patient characteristics of the total NDMM EMD cohort
are listed in Table 1.
No. of sites

1 448 92

>1 40 8

Induction before first transplant

Bortezomib-based 355 73

Nonbortezomib-based 133 27

Stage at transplant

CR 99 20

VGPR 175 36

PR 166 34

<PR 48 10

Radiotherapy before first transplant

No 373 77

Yes 108 22

Unknown 7 1

Median time from diagnosis
to first transplant, mo

6.1 2.4-11.8

Type of transplant

Single auto 373 77

(continued)
Outcome According to Cytogenetic Risk and Disease Site
First, we focused on univariable analyses on cytogenetics

and EMD-specific factors. Patients with high-risk cytogenetics
showed significantly worse OS and PFS of 54% (45% to 62%)
and 29% (20% to 37%) versus 78% (73% to 84%), respectively,
and 49% (42% to 56%) of patients with standard risk (P < .001;
Figure 1). Cumulative incidence of relapse was 69% (61% to
78%) for high-risk versus 48% (40% to 55%) for standard-risk
cytogenetics (P < .001). Four-year OS and PFS according to dif-
ferent high-risk abnormalities were del(17p), 47% and 31%; t
(4;14), 55% and 33%; t(14;16), 56% and 31%; t(14;20), 56% and
26%; and gain(1q)/del(1p), 31% and 9%. The number of high-
risk abnormalities categorized as isolated versus >1 high-risk
abnormality showed no difference in OS and PFS, at 55% (42%
to 68%) and 30% (18% to 43%) versus 53% (42% to 64%) and 27%
(16% to 39%) (P = .30 and .20).

OS according to type of involvement was 72% (66% to 77%)
for paraskeletal versus 60% (48% to 73%) for organ and 46%
(23% to 69%) for both types of involvement (P = .002), whereas
PFS was 44% (38% to 51%) versus 39% (27% to 52%). By 48



Table 1 (Continued)

Characteristic No. of Cases
or Median

Percent
or Range

Tandem auto 84 17

Auto�allo 31 6

Median time from first to second
transplant, mo

3.0 .2-5.9

CR indicates complete response; VGPR, very good partial response; PR, partial
response.
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months no patients with both types of involvement were still
at risk (P = .02). One involved site showed OS and PFS rates of
71% (66% to 76%) and 44% (38% to 50%) compared with 45%
(26% to 63%) and 22% (5% to 38%) for >1 site (P < .001 and
P = .001, respectively). OS stratified according to single sites of
different organs was lymph nodes, 44%; central nervous sys-
tem, 73%; heart or pleura, 0%; skin, 47%; gastrointestinal tract
or liver, 70%; respiratory tract or lung, 100%; and kidney, 79%.
Stratifying outcome of involvements according to cytogenetics,
OS of standard- versus high-risk patients was 83% versus 56%
for paraskeletal, 70% versus 49% for organ, and 46% versus 46%
for both types of involvement.
Outcome According to Induction and Other Clinical Factors
Bortezomib-based induction regimens showed OS and PFS

rates of 69% (63% to 75%) and 42% (36% to 48%) versus 64%
(54% to 74%) and 34% (22% to 45%) for nonbortezomib-based
regimens (P = .44 and P = .12). Rates in patients with high-risk
cytogenetics were 55% and 31% versus 49% and 24%. The distri-
bution of remission status at first transplant according to
induction (bortezomib-based versus nonbortezomib) was
complete remission, 21% versus 17%; very good partial remis-
sion, 38% versus 31%; partial remission, 32% versus 38%; and
less than partial remission, 9% versus 14%.

Remaining clinical factors significantly associated with
worse 4-year OS were impaired renal function classified
according to Durie and Salmon [13] as A versus B showing 71%
Figure 1. Post-transplant outcome by cytogenetic risk in the univariate model. Patien
included in the survival analysis of high-risk versus standard-risk cytogenetics. (A) OS
< .001). (B) PFS was significantly worse in patients with high-risk cytogenetics versus
(66% to 77%) versus 56% (43% to 68%; P = .006) and radiother-
apy showing 62% (51% to 72%) versus no radiotherapy result-
ing in 70% (65% to 76%; P = .04).

Factors with impact on worse PFS in univariable analyses
were MM subtypes other than light chain, with PFS rates of
39% (32% to 45%) versus 50% (38% to 61%; P = .05), renal func-
tion B of 33% (21% to 45%) versus A of 43% (37% to 49%; P = .02),
disease stage II or III according to ISS showing 37% (30% to
44%) versus 48% (37% to 58%; P = .05) in stage I, and less than
complete remission at first transplant resulting in 39% (33% to
45%) versus complete remission 52% (39% to 64%; P = .02). PFS
showed improvement over time, at 33% (19% to 48%) before
2009, 45% (48%% to 52%) between 2009 and 2012, and 49%
(34% to 63%) after 2012 (P = .03); OS showed no difference
(P = .30).
Outcome According to Transplant Strategies and Cytogenetic
Risk

Next, we evaluated univariate effects on outcome of differ-
ent transplant strategies. To address potential survivor bias in
the different transplant groups, direct comparison of trans-
plant strategies were performed in landmark analyses where
included patients were alive and relapse free by 6 months. OS
appeared to be influenced by transplant in univariate analysis,
resulting in OS rates of 70% (63% to 76%) for single auto versus
83% (74% to 92%) for tandem auto and 88% (74% to 100%) for
auto�allo (P = .06; Figure 2A). PFS was 43% (37% to 49%) for
single auto versus 52% (40% to 64%) for tandem auto and 58%
(35% to 81%) for auto�allo at 4 years (P = .30; Figure 2B). The
cumulative incidence of NRM was 2% (0% to 4%) for single
auto, 1% (0% to 4%) for tandem auto, and 10% (0% to 23%) for
auto�allo (P = .09). The corresponding cumulative incidence of
relapse was 54% (48% to 61%) for single auto, 47% (35% to 60%)
for tandem auto, and 30% (8% to 52%) for auto�allo (P = .29).

Furthermore, we stratified results of cytogenetics according
to type of transplant. After single auto, outcome was signifi-
cantly different regarding both OS and PFS, resulting in 78%
(71% to 85%) and 48% (40% to 56%) for standard-risk versus
41% (30% to 52%) and 22% (11% to 33%) for high-risk cytogenet-
ics (P < .001; Figure 3). In contrast, tandem auto did not show
ts at risk between first autologous transplant and subsequent 48 months were
was significantly affected by cytogenetics, being worse in high-risk patients (P
standard-risk (P< .001).



Figure 2. Post-transplant outcome by different type of transplant in the univariate landmark model. Patients at risk between months 6 and 48 after first autologous
transplant were included in the survival analysis of single versus tandem autologous versus autologous�allogeneic transplant. Accordingly, patients had to be alive
or relapse-free to enter analyses. (A) OS appeared to be affected by transplant, showing higher rates for tandem autologous and autologous�allogeneic transplant
(P = .06). (B) PFS did not significantly differ between 3 transplant types (P = .30).
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differences between standard- and high-risk cytogenetics in
OS or PFS, at 82% (70% to 95%) and 56% (39% to 73%) for stan-
dard risk versus 84% (71% to 97%) and 45% (26% to 64%) for
high risk (P = .99 and P = .24, respectively; Figure 4). Rates
appeared to be similar for patients undergoing auto�allo,
showing OS and PFS of 84% (68% to 92%) and 56% (17% to 95%)
for standard-risk versus 81% (61% to 100%) and 60% (30% to
89%) for high-risk cytogenetics (Figure 5).

Multivariable Analyses on Outcome
Finally, we constructed a predefined landmarked Cox mul-

tivariable model OS and PFS (Table 2). The HRs provided by
the model describe mortality risk and/or risk of progression
between 6 and 48 months after first transplant. High-risk cyto-
genetics was associated with worse OS versus standard-risk
Figure 3. Post-transplant outcome by cytogenetic risk after single autologous transpla
and subsequent 48 months were included in the survival analysis of high-risk versus
being worse in high-risk patients (P < .001). (B) PFS was significantly worse in patients
cytogenetics, showing an HR of 2.00 (95% CI, 1.28 to 3.15;
P = .003). Patients receiving a tandem auto or auto�allo were
less likely to die than were patients who received an upfront
single auto, with HRs of .46 (95% CI, .24 to .89; P = .02) for tan-
dem auto and .31 (95% CI, .09 to 1.03; P = .06) for auto�allo.
Impaired renal function B according to Durie and Salmon [13]
was significantly associated with worse OS, resulting in an HR
of 1.91 (95% CI, 1.09 to 3.34; P = .02). Light-chain MM subtype
showed higher risk for death (HR, 1.69). In contrast, univariate
effect of different types of involvement disappeared in the
multivariate analysis when comparing paraskeletal with organ
(P = .87) or both types of involvement (P = .65).

Regarding PFS, patients with high-risk cytogenetics were
more likely to progress or die than were patients with stan-
dard-risk cytogenetics, with an HR of 1.69 (95% CI, 1.23 to
nt in the univariate model. Patients at risk between first autologous transplant
standard-risk cytogenetics. (A) OS was significantly affected by cytogenetics,
with high-risk cytogenetics versus standard-risk (P < .001).



Figure 4. Post-transplant outcome by cytogenetic risk after tandem autologous transplant in the univariate model. Patients at risk between first autologous trans-
plant and subsequent 48 months were included in the survival analysis of high-risk versus standard-risk cytogenetics. (A) OS was the same for high-risk versus stan-
dard-risk cytogenetics (P = .99). (B) PFS did not significantly differ between high-risk and standard-risk patients after tandem autologous transplant (P = .24).
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2.33; P < .001). Tandem auto was significantly associated with
better PFS versus single auto (HR, .64; 95% CI, .42 to .96;
P = .03), whereas auto�allo resulted in similar risk for progres-
sion or death (HR, .75; 95% CI, .36 to 1.58; P = .46). Worse renal
function (HR, 1.60), light-chain subtype (HR, 1.41), and ISS II/III
(HR, 1.55) were associated with worse PFS. Similar to analysis
on OS, no difference in risk for progression or death was found
for comparison of paraskeletal versus organ (P = .37) or both
types of involvement (P = .56). Bortezomib-based induction
seemed to show better PFS versus nonbortezomib-based regi-
mens (P = .09).

DISCUSSION
Only limited data are available regarding the optimal trans-

plant strategy in NDMM patients with EMD and high-risk cyto-
genetics. A previous study in NDMMwith EMD showed a slight
Figure 5. Post-transplant outcome by cytogenetic risk after autologous�allogeneic tra
plant and subsequent 48 months were included in the survival analysis of high-risk ve
ple sizes. (A) OS. (B) PFS.
trend toward improved outcome after tandem auto after
adjusting for disease- and patient-specific variables, but incon-
clusive results limited interpretation and cytogenetic informa-
tion was lacking [3]. In the current analysis we focused on
NDMM EMD patients specifically with cytogenetics, which we
could obtain from 488 patients who underwent upfront
hematopoietic stem cell transplantation. We demonstrate that
high-risk cytogenetics occurred in 40% of NDMM EMD
patients, which resulted in worse outcome after single auto-
graft, whereas upfront tandem auto overcame poor OS and PFS
of high-risk cytogenetics.

Current consensus defines t(4;14), t(14;16), t(14;20), del
(17/17p), del(1p), and gain(1q) and any non-hyperdiploid kar-
yotype as high-risk cytogenetics in MM patients resulting in
poor outcome [6]. Evaluations specifically in patients with
EMD are very limited, and the incidence of high-risk
nsplant in the univariate model. Patients at risk between first autologous trans-
rsus standard-risk cytogenetics. P values are not reported because of small sam-



Table 2
Multivariable Model on OS and PFS

OS PFS

Factor HR (95% CI) P HR (95% CI) P

Cytogenetics .003

Standard risk Reference Reference

High risk 2.00 (1.28-3.15) .003 1.69 (1.23-2.33) .001

Transplant

Single auto Reference Reference

Tandem auto .46 (.24-.89) .02 .64 (.42-.96) .03

Auto�allo .31 (.09-1.03) .06 .75 (.36-1.58) .46

Involvement

Paraskeletal Reference Reference

Organ .94 (.49-1.83) .87 .80 (.49-1.31) .37

Both 1.36 (.36-5.14) .65 1.40 (.45-4.39) .56

No. of sites

1 Reference Reference

>1 2.42 (.79-7.44) .12 1.84 (.69-4.90) .22

Age 1.00 (.97-1.02) .81 .99 (.97-1.01) .17

Subtype

Other Reference Reference

Light chain 1.69 (.94-3.06) .08 1.41 (.95-2.09) .09

Renal impairment

A Reference Reference

B 1.91 (1.09-3.34) .02 1.60 (1.06-2.44) .03

ISS

I Reference Reference

II/III 1.33 (.81-2.19) .26 1.55 (1.10-2.20) .01

Remission status at transplant

CR Reference Reference

VGPR 1.27 (.83-1.81) .27 1.23 (.80-1.88) .34

PR 1.78 (1.19-2.70) .01 1.70 (1.11-2.61) .02

<PR 2.31 (1.35-3.93) .002 2.17 (1.24-3.80) .01

Induction

Nonbortezomib-based Reference Reference

Bortezomib-based .75 (.47-1.19) .15 .82 (.57-1.06) .09
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cytogenetic features may be influenced by sample site. In a
Spanish trial including 55 NDMM patients with EMD, the pro-
portion of patients with high-risk cytogenetics from bone mar-
row samples was similar in patients with and without EMD
(24% versus 21%, respectively), whereas 1 retrospective multi-
center study analyzing extramedullary tumor samples from 36
patients detected an overall high incidence of del(17p) in EMD
with paraskeletal (32%) and organ involvement (27%) [11]. In
our EMD cohort evaluating bone marrow samples, the overall
incidence of high-risk cytogenetics (41%) and frequencies for
del(17p) (17%) and t(4;14) (18%) were higher than previously
reported for patients without EMD [16,17]. Rates according to
type of involvement were 16% and 19% for paraskeletal and
21% and 17% for organ involvement. In line with previous find-
ings, high-risk cytogenetics were more frequent in patients
with organ involvement (47%) than with paraskeletal involve-
ment (40%) [11]. In contrast to reports identifying combina-
tions of >2 abnormalities conferring very high risk, no impact
of number of cytogenetic abnormalities was identified in the
present analysis [18].

Few studies have investigated the effect of a second autolo-
gous transplant. In the Total Therapy 3 trail, the addition of
bortezomib to tandem auto improved outcome in patients
with t(4;14), indicating that the effect of high-dose therapy
and subsequent autologous transplant varies with induction
[19,20]. A conventional meta-analysis and network meta-anal-
ysis recently found that both tandem and single transplant
with bortezomib, lenalidomide, and dexamethasone were
superior to single transplant alone and standard-dose therapy
but no improvement in OS could be identified. Using meta-
regression detected longer follow-up leading to benefit in out-
come, whereas subgroup analysis according to cytogenetics
was lacking [21]. The randomized phase III EMN02/HO95
study showed that a second autologous transplant was supe-
rior over single auto in terms of prolonged PFS and OS for the
overall patient population and for poor prognosis subgroups of
patients with advanced disease stage and high-risk cyto-
genetic profile. Additionally, the incorporation of bortezomib
abrogated the increased risk of progression or death, particu-
larly in del(17p) [22,23]. Collectively, although the role of sin-
gle versus tandem auto for NDMM continues to be debated in
the novel agent era, investigations in EMD remain scarce. We
showed that tandem autologous transplant could significantly
improve survival in EMD with high-risk cytogenetics. The fre-
quency of patients receiving bortezomib-based induction was
the same between single (74%) and tandem auto (71%) and did
appear to improve at least PFS in comparison with nonborte-
zomib-based regimens. We identified improvement in PFS



N. Gagelmann et al. / Biol Blood Marrow Transplant 25 (2019) 2134�2142 2141
over time suggesting an effect of post-transplant therapy,
whereas multiple previous studies showed the benefit of
maintenance therapy with lenalidomide or bortezomib after
autologous transplant for MM patients [24�26]. A limitation of
our study is the lack of information on specific maintenance
therapy, which is not usually reported in the EBMT database,
especially in EMD. Results of the largest randomized US trans-
plant trial in upfront treatment of MM suggested that a second
auto was not superior to a single auto followed by lenalido-
mide maintenance, even stratified according to cytogenetic
risk [27]. However, more evidence regarding maintenance effi-
cacy specific to NDMM EMD is needed in ongoing and future
prospective trials.

Allogeneic transplant has been proposed as a treatment for
high-risk younger patients but is still the only potential cura-
tive treatment option for MM. An analysis on 101 relapse
patients treated with allogeneic transplant using fludarabine/
melphalan�conditioning regimens found no influence on out-
come by t(4;14), suggesting that a subset of onset poor prog-
nosis might be overcome by this treatment [28]. In a report of
143 MM patients who underwent allogeneic transplant with
mostly RIC regimens, 3-year PFS and OS did not differ for
patients with or without t(4,14) or del(17) [29]. In a trial of 73
NDMM patients, auto�allo yielded similar 5-year PFS (24%
versus 30%) and OS (50% versus 54%) in patients without t
(4;14) or del(17p) [30]. The EBMT-NMAM2000 study showed
better OS in patients treated with auto�allo receiving RIC or
single auto: 49% versus 36% at 96 months [31]. Regarding
EMD, a retrospective analysis including 33 patients with EMD
before allogeneic transplant found significantly shorter PFS
(median, 3 months) and OS (median, 8 months) versus
patients without EMD. A plateau at 25% survival, however,
indicated induction of long-term remissions in a subgroup of
patients such as cases with del(17p) or multiorgan involve-
ment [32]. In our NDMM EMD cohort of 31 patients receiving
first-line auto�allo with RIC conditioning, OS and PFS rates
were similar for patients with standard-risk (92% and 60%)
versus high-risk cytogenetics (84% and 60%), which translated
into a trend toward improved OS versus single auto after
adjusting for other risk factors. Seventeen patients (54%) had
high-risk cytogenetics versus 38% in single auto. Notably,
whereas differences in outcome according to types of involve-
ment (paraskeletal, organ, or both) remained significant in sin-
gle auto, OS was similar in auto�allo with 78% (paraskeletal),
82% (organ), and 100% (both). Furthermore, lower incidences
of relapse were identified after auto�allo (30%) versus single
(54%) and tandem auto (47%), in contrast to previous findings
[33,34]. Because this population was small, however, the ther-
apeutic role of first-line auto�allo needs to be better defined,
especially for patients with high-risk disease [35,36].

This analysis was conducted with the use of retrospective
data and is therefore subject to the attendant limitations. Data
on how the EMD diagnosis was assessed are not routinely
documented in the EBMT registry. Another limitation of the
study is the lack of information on maintenance and consolida-
tion strategies. However, because prospective trials specific in
EMD are unlikely, we used regression modeling and landmark
analyses as a means of controlling for differences between
cohorts in the most possible manner, but such adjustment can-
not account for all discrepancies in clinical and diagnostic
characteristics between patients. Thus, our results need to be
interpreted in the context of the limitations of the study.

In conclusion, high-risk cytogenetics were detected in 41%
NDMM patients with EMD, being more frequent in organ
involvement. Tandem autologous transplant seems to improve
outcomes in this high-risk cohort, suggesting superiority over
single transplant, whereas results regarding auto�allo were
promising but should be interpreted with caution.
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