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Abstract

The EBMT Chronic Malignancies Working Party performed a retrospective analysis of 215 patients who underwent a second
allo-HCT for myeloma between 1994 and 2017, 159 for relapse and 56 for graft failure. In the relapse group, overall survival
(OS) was 38% (30-46%) at 2 years and 25% (17-32%) at 5 years. Patients who had a HLA-identical sibling (HLAid-Sib) donor
for their first and second transplants had superior OS (5 year OS: HLAid-Sib/HLAid-Sib: 35% (24-46%); Others 9% (0-17%),
p <0.001). There was a significantly higher incidence of acute grade II-IV GvHD in those patients who had also developed
GvHD following their initial HLA-identical sibling allo-HCT (HLAid-Sib/HLAid-Sib: 50% (33-67%); Other 22% (8-36%),
p =0.03). More as opposed to fewer than 2 years between transplants was associated with superior 5-yr OS (31% (21-40%) vs.
10% (1-20%), P = 0.005). On multivariate analysis, consecutive HLA-identical sibling donor transplants conferred a significant
OS advantage (0.4 (0.24-0.67), p <0.001). In the graft failure group, OS was 41% at 2 years. In summary, a second allo-HCT
using a HLA-identical sibling donor, if available, provides the best transplant outcomes for relapsed myeloma in this setting.
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Introduction

Although allogeneic haematopoietic cell transplantation
(allo-HCT) is not routinely performed in patients with
multiple myeloma (MM), this approach is still offered to
patients with high-risk disease. According to the EBMT
database, there were 2684 MM patients transplanted in
EBMT centres between 2013 and 2018. Post-transplant
relapse remains the main cause of treatment failure. Options
for the treatment of disease relapse following allo-HCT
include salvage chemotherapy, novel targeted agents, and,
increasingly, immunotherapies [1-4]. In selected patients
who achieve clinical remission, there may be a role for a
second allo-HCT [5-10].

The first reports of outcomes following second allo-
geneic transplants to treat disease relapse were characterised
by prohibitively high rates of non-relapse mortality (NRM)
of up to 45% [11, 12]. Less toxicity was seen with the use of
reduced intensity conditioning (RIC) regimens. Shaw and
colleagues performed a retrospective U.K. multi-centre
analysis of 71 patients receiving a second allogeneic
transplant using RIC after disease relapse following an
initial myeloablative allo-HCT [5]. The predicted overall
survival (OS) and NRM at 2 years were 28% and 27%,
respectively. In a subsequent EBMT registry study of 234
adult patients with acute leukaemia who received a second
RIC transplant between 2000 and 2012 as salvage treatment
for relapse following an initial RIC allo-HCT, the cumula-
tive NRM and OS rates at 2 years were 22.4%, and 20.5%,
respectively [6].

In a 2015 retrospective EBMT study of 2632 second
allogeneic transplants performed to treat disease relapse
following a first transplant, the factors associated with better
survival included the use of a HLA-identical sibling donor
for the second transplant, low disease burden, longer
remission duration after the first transplant, a longer interval
between the transplants, younger age, the absence of grade
II-IV acute graft-versus-host disease (GvHD) or chronic
GVHD after the first transplant, and later year of transplant
[13]. There was no difference in overall survival (OS)
between those transplanted using their original donors
when compared to those who were transplanted using new
donors.

Second allogeneic transplants have also been performed
to treat graft failure. Ferra and colleagues reported a 5 year
OS of 31% in eighty patients who underwent a second
transplant for graft failure [14]. Neutropenic patients and
those transplanted using a second unrelated donor fared less
well [15, 16].

There has, to date, only been one small report specifically
relating to second allogeneic transplants in patients with
myeloma following either disease relapse or graft failure
[17]. We, therefore, performed a retrospective analysis of
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215 patients with myeloma who underwent second allo-
geneic transplants between 1994 and 2017.

Methods
Study design

This study was performed in accordance with the principles
of the Declaration of Helsinki and was approved by the
EBMT, a nonprofit, scientific society representing more
than 600 transplant centres, mainly in Europe. All data is
stored in a central database. Patients’ informed consent was
obtained locally according to regulations. The study cohort
consisted of 215 patients with myeloma who were reported
to the EBMT registry as having undergone a second allo-
HCT either for relapsed myeloma or for graft failure. Sec-
ond transplants performed for donor-derived haematologi-
cal malignancies were excluded. The data were obtained
from the EBMT data registry.

Available donor information is categorized as either
HLA-identical sibling (HLAid-Sib) or other, the latter group
being composed of matched related and unrelated and
mismatched related and unrelated donors.

Disease stage was classified using the EBMT registry
nomenclature regarding remission status at HSCT. Patients
were classified as having either Low (PR or better) or
Advanced (SD, MR, relapse, progression, primary refractory/
no CR) stage disease, in this case, myeloma. In other words,
patients with myeloma in less than a partial remission pre-
transplant were considered to have advanced stage disease.

The primary outcomes of interest were OS, non-relapse
mortality (NRM), relapse/progression, relapse/progression-
free survival (PFS), and causes of death. Outcomes are
provided at 2 or 5 years after the second HCT, depending on
the availability of a sufficient number of patients in each of
the subgroups of interest. OS and PFS were estimated using
the Kaplan—Meier product limit estimation method, and
differences in subgroups were assessed by the Log-Rank
test. Median follow-up was determined using the reverse
Kaplan—Meier method.

The cumulative incidence of relapse and NRM were
analysed together in a competing risks framework. Neu-
trophil engraftment was defined as an absolute neutrophil
count 0.5 x 10°/L for three consecutive days. The cumu-
lative incidence of neutrophil engraftment is provided at day
28 after the second transplant, with the competing event
being death without neutrophil engraftment. Competing
risks analyses were also applied to estimate the incidences
of acute grade II-IV GvHD and limited and extensive
chronic GvHD (cGvHD), by day 100 and 2 and 5 years,
respectively. Subgroup differences in cumulative incidences
were assessed using Gray’s test.
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Multivariable Cox regression was applied to investigate
the simultaneous impact of multiple covariates on out-
comes, when a sufficient number of patients and subsequent
events were available. For OS and PFS, hazard ratios are
provided, whereas for the competing risks outcome relapse,
cause-specific hazard ratios are provided for the events of
interest, both denoted as HR. Included covariates were used
in all outcomes: Patient age at second transplant (in dec-
ades), patient sex, donor type (HLA identical sibling at both
first and second transplant versus other), interval between
first and second transplant (years), disease risk (low versus
advanced), conditioning intensity (reduced versus myeloa-
blative) and any previous GvHD (no versus yes). All
models are stratified by categorized year of second trans-
plant (<2008, >2008).

Continuous variables are presented in text as median
(range) and categorical variables as percentages within the
group of patients with available data. All estimates are
reported with corresponding 95% confidence intervals in
parentheses. All p values were two-sided and p <0.05 was
considered significant. Statistical analyses were performed
in R version 3.6.0 (R Development Core Team, Vienna,
Austria), using packages ‘survival’, ‘prodlim’ and ‘cmprsk’.

Results

Patient characteristics in the relapse (n=159) and graft
failure (n = 56) cohorts are shown in Table 1A.

The number of transplants performed in each 5-year
period for relapsed and graft failure patients is shown in
Table 1B.

Patients transplanted for relapsed MM

The median time from diagnosis to transplant was 16
(3-150) months for the first transplant and 69 (9-214)
months for the second transplant.

In the relapse cohort of 159 patients, 86 had two HLA-
identical sibling donor transplants and 70 had other donor
types. Data was not available for three patients. Of the 86
classified as having had ‘two HLA-identical sibling donor’
transplants, information on whether they were transplanted
using the same or a different donor was available in 42 of
the 86 cases; a total of 35 (83%) had two consecutive
transplants from the same HL A-identical sibling donor and
seven (17%) has two different HLA-identical sibling
donors. Of the 70 patients who had other donor types,
information on whether they were transplanted using the
same or a different donor was available in 59 of the 70
cases. A total of 51 (86%) had different donors for the two
transplants. There were eight patients (14%) who were
transplanted from the same donor of ‘other donor type’.

Conditioning and GVHD prophylaxis

Conditioning regimens used in patients with relapsed dis-
ease were mostly fludarabine-based, included Fludarabine
and Busulphan +ATG (27%), Fludarabine and Melphalan
+ATG (22%), and Fludarabine and Treosulphan +ATG
(9%). Other regimens included Bulsulphan and Cyclopho-
sphamide +ATG (14%) and Busulphan and Melphalan
+ATG (8%).

GVHD prophylaxis consisted of cyclosporin-based
approaches in 83% of patients in whom data was avail-
able, including cyclosporin and methotrexate (MTX) (42%)
and cyclosporin and mycophenolate mofetil (MMF) (35%).

GvHD

The rates of acute and chronic GVHD following the second
transplant are shown in Table 1C.

When those patients with relapsed myeloma who had
two consecutive HLA-identical sibling donor transplants
(n = 86) were compared to all other donor combinations (n
=70), there was no difference in the rates of acute grade II-
IV GvHD (HLAid-Sib/HLAid-Sib 34% (23-45%) versus
other 25% (14-36%) (P = 0.2)).

When outcomes were then stratified based, firstly, on the
presence or absence of GVHD following the first transplant
and, secondly, on whether patients had had two HLA-
identical sibling donor transplants as opposed to other donor
combinations, there was a significantly higher incidence of
acute grade II-IV GvHD in patients with prior GvHD who
proceeded to a second HLA-identical sibling donor trans-
plant (HLA-HLA: 50% (33-67%) vs. Other 22% (14-36%),
p=0.03).

Overall survival

Univariate analysis of factors potentially affecting Overall
Survival (OS) are shown in Table 2. OS was 38% (CI
30-46%) at 2 years post-transplant and 25% (CI 17-32%) at
5 years (Fig. la). There was no difference in OS between
male and female patients. OS at 5 years was significantly
superior when HLA-identical sibling donors were used for
both transplants, compared to other donor types (35%
(24-46%) vs. 9% (0-17%), p <0.001) (Fig. 1b). Significantly
inferior OS was also seen in those who proceeded to a second
allo-HCT within 2 years when compared to those who were
re-transplanted more than 2 years later (10% (1-20%) vs.
31% (21-40%) at 5 years, P = 0.005) (Fig. 1c).

Progression-free survival

Univariate analysis of factors potentially affecting
Progression-Free Survival (PFS) are shown in Table 2.

SPRINGER NATURE
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Graft failure (n = 56)

p value

Relapsed myeloma (n = 159)

Donor

Table 1 (continued)

SPRINGER NATURE

0.03

Other 22% (8-36%)

Acute GVHD with first allo

50% (33-67%)

HLAid-Sib-HLAid-Sib

Other

Acute GVHD with first allo

0.53

17% (0-34%)
25% (1-49%)

36% (21-51%)

26% (8-44%)
19% (5-32%)

No acute GVHD with first allo

HLAid-Sib-HLAid-Sib

No acute GVHD with first allo

40% (30-50%)

Cum. incidence chronic GVHD 5 yrs
Death without cGVHD 5 yrs
Chronic GVHD at 1 year

41% (25-56%)
29% (11-47%)
21% (0-43%)
38% (18-57%)
29% (5-52%)

45% (35-56%)

0.802

0.828

34% (20-49%)
30% (18-42%)
25% (11-38%)

Other

HLAid-Sib-HLAid-Sib

Other

0.942

0.6

Death without cGVHD 1 year

22% (11-33%)

HLAid-Sib-HLAid-Sib

80% (69-92%)

94% (CI 90-98%)

5% (CI 1-8%)

Neutrophil engraftment Day +28

2% (0-6%)

Death without engraftment Day +28

Bold values indicate statistical significance P <0.05.

PFS was 17% (CI 10-23%) at 2 years post transplant and
6% (1-11%) at 5 years (Fig. 1d). There was no significant
difference in PFS between male and female patients. PFS
was significantly superior at 2 years when HLA-identical
sibling donors were used for both transplants (24%
(15-34%) vs. 3% (0-7%), p <0.001) (Fig. 1e). Significantly
inferior PFS at 24 months was seen in those who proceeded
to a second allo-HCT within 2 years (9% (0-18%) vs. 20%
(12-28%), p = 0.02) (Fig. 1f).

Relapse incidence/non-relapse mortality

Relapse Incidence (RI) and NRM rates in patients trans-
planted for relapsed MM are shown in Table 2. The RI and
NRM at 2 and 5 years are shown in Fig. 2a.

Disease status affected RI and NRM. The incidence of
relapse was significantly higher at 2 years (77% (68-87%) vs.
57% (44-71%)) (p = 0.009) in patients with advanced disease
(Fig. 2c). Conversely, the cumulative NRM was significantly
higher at 2 years (25% (13-37%) vs. 11% (4-18%) (p =
0.03)) in patients with low disease burden (Fig. 2¢). Older age
at second allo-HCT (50-70 vs. <50 years) was associated
with a higher RI at 2 years (77% (67-87%) vs. 56%
(43-69%), p=0.021) and the cumulative NRM was sig-
nificantly higher in younger individuals at 2 years (24%
(13-35%) vs. 9% (3—15%)) (p = 0.018) (Fig. 2d).

Multivariate analysis

Multivariate analysis results are shown in Table 3.

When adjusting for the indicated covariates, patients who
received both their first and second transplants from HLA-
identical siblings had better OS (HR = 0.4 (0.24-0.67), p <
0.001) and PFS (HR =0.53 (0.31-0.91)) than other com-
binations. The risk of relapse was higher in those with more
advanced disease (1.85 (1.05-3.24)), p = 0.033) and when
there was a shorter interval between transplants (0.88
(0.79-0.98), p =0.019).

Patients transplanted for graft failure
Conditioning and GVHD prophylaxis

Conditioning regimens used in patients with graft failure
were mostly fludarabine-based, included Fludarabine and
Busulphan *ATG (24%), Fludarabine and Melphalan
+ATG (22%), Fludarabine and Cyclophosphamide +ATG
(14%) and single agent Fludarabine (14%). A total of 14%
of patients in whom data was available were conditioned
with Cyclophosphamide +ATG or Alemtuzumab.

GVHD prophylaxis consisted of cyclosporin-based
approaches in 93% of patients in whom data was avail-
able, including cyclosporin and methotrexate (MTX)
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Fig. 1 Overall and Progression-Free Survival following a second
allogeneic transplant for relapsed myeloma and factors affecting
these outcomes. a Overall survival of patients who underwent a
second allo-HCT for relapsed myeloma. b Overall survival of patients
who had two consecutive HLA-identical sibling donor transplants
(HLA-HLA) versus other donor types. ¢ Overall survival of patients
who underwent a second allo-HCT for relapsed myeloma based on

(28%), cyclosporin and MMF (26%) and single agent
cyclosporin (30%).

Graft-versus-host disease

In the first 100 days following the second allo-HCT, the rate
of grade II acute GvHD was 12% (3-22%)), grade III-IV
acute GVHD 15% (5-25%)) and death without GVHD 17%
(6-27%)). The 2-year cumulative incidence of chronic
GvHD was 36% (21-51%)) and death without chronic
GVvHD 41% (25-56%)).

Overall survival and progression-free survival

OS was 41% (CI 28-54%) and PFS 34% (CI 21-47%) at 2
years post-transplant (Fig. 3a). Univariate analysis of factors

SPRINGER NATURE

Other: 58 16

7 4 1 >24m: 97 49 30 23 17

time between first and second allo-HCT (2-year cut-off). d
Progression-free survival of patients who underwent a second allo-
HCT for relapsed myeloma. e Progression-free survival of patients
who had two consecutive HLA-identical sibling donor transplants
(HLA-HLA) versus other donor types. f Progression-free survival of
patients who underwent a second allo-HCT for relapsed myeloma
based on time between first and second allo-HCT (2-year cut-off).

potentially affecting OS and PFS is shown in Table 4. None
of these factors affected outcomes. The causes of death are
shown in Table 5.

Relapse/non-relapse mortality

Two-year relapse and NRM rates in patients transplanted
for graft failure are shown in Table 4 and Fig. 3b. After 2
years, the cumulative RI was 32% (19-45%)) and NRM
34% (21-47%). The 2-year incidence of relapse based on
disease stage is shown in Fig. 3c.

In addition, NRM at 2 years was higher in those with a
low disease burden when compared to those with an
advanced disease burden ((50% ((31-69%) vs. 12%
(0-27%) (p =0.016) (Fig. 3d).
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Fig. 2 Relapse incidence and NRM rates following a second allo-
geneic transplant for relapsed myeloma and factors affecting these
outcomes. a Cumulative incidence of relapse (solid line) and non-
relapse mortality (dashed line) over 5 years in patients whose second
allo-HCT was for relapsed myeloma. b Cumulative incidence of
relapse (solid line) and non-relapse mortality (dashed line) over 5 years
based on the type of stem cell donor (HLA-HLA) in patients whose

Discussion

This is the first registry report of outcomes following sec-
ond allo-HCT in patients with myeloma. In this analysis, the
indications for re-transplantation fell into two groups:
relapse and graft failure. In the relapse group, OS was 38%
at 2 years and 25% at 5 years. This is marginally better than
the aggregate 20% 5-year OS rate reported by Ruutu and
colleagues for all 2632 second allogeneic transplants per-
formed in EBMT centres for disease relapse between 1994
and 2009 [13]. In that EBMT registry study, the use of a
HLA-identical sibling donor for the second transplant was
found to be a favourable predictive factor for OS with a 5-
year OS probability of 22% as opposed to 17% using either
other related or unrelated donors (P =0.012). However,
whether the same or a new donor was used for the second
transplant appeared to make no difference.

In order to more clearly assess these overlapping and
potentially confounding categories (HLA-matched versus
non-HLA-matched, same donor versus change of donor),
we focused on the outcomes of patients who had received
both their first and second transplants from HLA-identical
sibling donors. Based on the available registry data, over
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second allo-HCT was for relapsed myeloma. ¢ Cumulative incidence
of relapse (solid line) and non-relapse mortality (dashed line) over 5
years based on Disease Stage (low or advanced) in patients whose
second allo-HCT was for relapsed myeloma. d Cumulative incidence
of relapse (solid line) and non-relapse mortality (dashed line) over 5
years based on age of transplant recipient in patients whose second
allo-HCT was for relapsed myeloma.

four-fifths of these patients had the same HLA-identical
sibling donor for the two transplants.

In our cohort, patients who had two consecutive HLA-
identical sibling donor transplants had better PFS at 2 years
(24% vs. 3%, p =<0.001) and OS at 5 years (35% vs. 9%,
P <0.001). This was confirmed on multivariate analysis
with patients receiving both their first and second trans-
plants from HLA-identical sibling donors having better OS
(HR =0.4 (0.2-0.7), p<0.001) and PES (0.5 (0.3-0.9), p
=0.022). Conversely, there were no survivors among the
eight patients who had the same donor of any other category
(all donor types except for HLA-identical sibling) for both
transplants. The positive effect of keeping the same donor,
therefore, appears to depend on the specific donor type
rather than the individual stem cell donor. One interpreta-
tion of these results might be that any additional alloim-
mune effect conferred by the use of an unrelated donor in
transplantation for myeloma is outweighed by greater
NRM. In those relapsed patients who had developed acute
grade II-IV GVHD following their first allo-HCT, there was
a significantly higher incidence of acute grade II-IV GvHD
when the same HLA identical sibling donor was used again
(50% vs. 22%, p = 0.03).
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Among patients who have a second allo-HCT for  frequency of use of reduced intensity conditioning approa-
relapsed disease, those with shorter remissions following  ches between the younger and older cohorts.
their first transplant have consistently been reported to The causes of death differed between the relapse and
have poorer outcomes [5, 6, 12, 18, 19]. This likely graft failure cohorts. A total of 55% of the relapse
reflects both the earlier relapse of biologically more  group died of ‘relapse/disease progression’ as opposed to
aggressive disease and the cumulative effect of treatment-  20% of infection and 3% of organ damage/failure and
related toxicity. The median interval between transplants  toxicity. In the graft failure group, 23% died of subsequent
in our relapse cohort was over 3 years. Those patients  relapse/disease progression, 32% of infection and 16% of
with relapsed disease who proceeded to a second allo-  organ damage/failure and toxicity. The shorter time
HCT within 2 years had a shorter PFS at 2 years (9% vs.  between transplants and the prolonged neutropenia in the
20%, p = 0.02) as well as a poorer OS at 5 years (10% vs.  setting of graft failure are likely factors in this increased
31%, p=0.005) when compared to those transplanted  toxicity.
more than 2 years later. Also consistent with past reports, In the graft failure group, OS was 41% at 2 years. The
the relapse incidence at 2 years was higher (77% vs. 57%,  NRM rate at 2 years in those patients whose myeloma was
p =0.009) in patients whose disease was in less than a  in a partial remission or better pre-transplant, was 50.2%
partial remission pre-transplant, when compared to  (31-69%) compared to 12% (0-27%) in patients with a
those with a lower disease burden prior to the second  higher disease burden (p =0.016). No other variable was

transplant [6]. found to significantly affect outcomes though this may
The use of either myeloablative conditioning or RIC  partially reflect the relatively small patient cohort.

prior to a first allo-HCT in patients with myeloma was Although second allo-HCT is feasible in myeloma

recently reported to result in similar outcomes [20, 21].  patients, OS outcomes remain poor. There is a need for

Most of the acute leukemia literature favours the use of RIC strategies to achieve deeper remissions prior to any second
in second allogeneic transplants due to lower NRM. In our  allo-HCT. A focus on novel maintenance strategies to
relapse cohort, 59% of the first and 55% of the second  reduce the risk of relapse is also required [22, 23]. In a
transplants were performed following RIC. In the graft ~ CIBMTR comparison of post-relapse OS after autologous/
failure cohort, the equivalent percentages were 79% and  allogeneic (auto/allo) as opposed to tandem autologous
69%, respectively. Relapse was more common in older  (auto/auto) transplantation between 2000 and 2010, there
patients (50-70 years) though this did not reflect the  was superior OS following relapse in auto/allo HCT reci-
intensity of conditioning as there was no difference in the  pients compared with auto/auto HCT recipients [24]. The
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Table 4 Univariate analyses for Overall Survival, Progression-Free Survival, Relapse and NRM in patients transplanted for graft failure.

Overall survival Progression-free survival Relapse Non-relapse mortality
N 2 years p value N 2 years p value 2 years p value 2 years p value
All 56 41% (28-54%) 50 34% (21-47%) 32% (19-45%) 34% (21-47%)
Patient gender
Male 24 41% (21-61%) 0.771 22 31% (12-51%) 0.925  28% (9-47%) 0.538 41% (20-61%) 0.489
Female 32 41% (24-59%) 28 36% (18-53%) 36% (18-53%) 29% (12-45%)
Donor type
HLAid-Sib-HLAid-Sib 20 32% (11-52%) 0.699 18 28% (7-48%) 0.699  39% (16-61%) 0.429 33% (12-55%) 0.726
Other 34 47% (30-64%) 31 35% (18-52%) 29% (13-45%) 35% (19-52%)
Interval between allos
<1 year 44 37% (22-51%) 0.266 38 37% (22-52%) 0.585  26% (12-40%) 0.147 37% (22-52%) 0.567
21 year 12 58% (30-86%) 12 25% (1-49%) 50% (22-78%) 25% (1-49%)
Disease status
Low 29 37% (19-55%) 0.147 28 28% (11-45%) 0.21 22% (6-37%) 0.184  50% (31-69%) 0.016
Advanced 19 61% (39-84%) 17 47% (23-71%) 41% (18-65%) 12% (0-27%)
Year at second allo
1994-2008 28 33% (15-51%) 0.341 23 39% (19-59%) 0.458  22% (5-39%) 0.191 39% (19-59%) 0.65
After 2008 28 49% (30-68%) 27 30% (12-47%) 41% (22-59%) 30% (12-47%)
Age at second allo
<50 years 29 44% (26-63%) 0.868 27 37% (19-55%) 0.873  30% (12-47%) 0.816 33% (16-51%) 0.942
50-70 years 27 38% (19-57%) 23 30% (12-49%) 35% (15-54%) 35% (15-54%)
Karnofsky score
<90 13 62% (35-88%) 0.345 13 38% (12-65%) 0.488  38% (12-65%) 0.684 23% (0-46%)  0.269
90-100 16 42% (16-67%) 16 25% (4-46%) 31% (9-54%) 44% (19-68%)
Stem cell source
BM 6 50% (10-90%) 0.582 6 50% (10-90%) 0.349  17% (0-46%) 0.367 33% (0-71%)  0.904
PB 49 39% (25-53%) 43 30% (16-44%) 35% (21-50%) 35% (21-49%)
Conditioning intensity
Standard 15 39% (14-64%) 0.823 12 33% (7-60%) 0.845  42% (14-70%) 0.754 25% (1-49%)  0.711
Reduced 33 46% (29-64%) 30 36% (19-54%) 34% (17-51%) 30% (14-46%)
MM
IeG 25 44% (25-63%) 0.834 22 40% (20-61%) 0.629  28% (9-47%) 0.637 32% (12-51%) 0.879
IgA 13 31% (6-56%) 12 25% (1-49%) 42% (14-70%) 33% (7-60%)
Light chain 18 46% (22-70%) 16 31% (9-54%) 31% (9-54%) 38% (14-61%)
EBMT risk score
<5 11 34% (5-63%) 0.682 11 34% (5-63%) 0.867  20% (0-46%) 0.527 45% (16-75%) 0.826
5 22 43% (22-64%) 19 37% (15-59%) 32% (11-52%) 32% (11-52%)
>5 15 52% (27-78%) 15 27% (4-49%) 40% (15-65%) 33% (9-57%)

Bold values indicate statistical significance p <0.05.

authors contended that this reflected a better response to
salvage with agents such as immunomodulatory drugs in the
context of donor-derived immunity. This detailed informa-
tion is unfortunately not available to allow us to analyse the
relevance of such factors in our cohort. Nonetheless, small
molecule inhibitors and novel immunotherapies have the
potential to change the kinetics of disease relapse, thereby
facilitate an emerging alloimmune graft-versus-malignancy

response post transplant.

SPRINGER NATURE

PFS was only 13% at 2 years.

Myeloma patients who relapse post-transplant often
retain full donor chimerism. In this setting, Novak and
colleagues reported on second ‘“allogeneic” transplants
using CD34+ selected donor cells without immunosup-
pression followed by DLI and/or maintenance therapy as a
means of achieving disease control [17]. Myeloablative
conditioning was well tolerated with no NRM and no
GVHD. OS was 100% at 1 year and 69% at 2 years though
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Table 5 Causes of death within

the follow-up period: 5 years for Causes of death

Relapsed myeloma

Graft failure

relapse, 2 years for graft failure. Missing  Frequency  Percent  Missing  Frequency  Percent

Relapse/disease progression 59 55.1 1 7 22.6
Secondary malignancy/PTLD 2 1.9

GVHD 12 11.2 4 12.9
Infection 21 19.6 10 323
Organ damage/failure 2 1.9 3 9.7
Toxicity 0.9 2 6.5
HSCT-related death 4.7 2 6.5
Other 4.7 3 9.7
Total 110 32

This may represent another salvage treatment option in
selected patients.

There are some weaknesses in our study. The disease
staging system, an EBMT remission-based classification, is
not specific to myeloma and it is surprising that there is no
difference in OS or PFS between those with ‘Low’ as
opposed to ‘Advanced’ disease. It is possible that the very
high rates of post-transplant relapse—overall PFS was 6%
(1-11%) at 5 years in patients transplanted for relapsed
myeloma—may have masked any PFS difference. In addi-
tion, OS will have been affected by subsequent salvage
treatments. However, there is a signal of their ‘Advanced’
disease status is that these patients have a significantly
higher relapse rate on both univariate and multivariate
analysis.

In summary, one quarter of myeloma patients remained
alive 5 years following a second allogeneic haematopoietic
cell transplant with similar outcomes seen following disease
relapse and graft failure. The best outcomes (35% OS at 5
years) were seen in those who had two consecutive HLA-
identical sibling donor transplants.
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