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Allogeneic hematopoietic cell transplanta-
tion in multiple myeloma is limited by
prior reports of high treatment-related
mortality. We analyzed outcomes after
allogeneic hematopoietic cell transplanta-
tion for multiple myeloma in 1207 recipi-
ents in 3 cohorts based on the year of
transplantation: 1989-1994 (n � 343),
1995-2000 (n � 376), and 2001-2005
(n � 488). The most recent cohort was
significantly older (53% > 50 years) and
had more recipients after prior autotrans-
plantation. Use of unrelated donors,

reduced-intensity conditioning and the
blood cell grafts increased over time.
Rates of acute graft-versus-host (GVHD)
were similar, but chronic GVHD rates were
highest in the most recent cohort. Overall
survival (OS) at 1-year increased over
time, reflecting a decrease in treatment-
related mortality, but 5-year relapse rates
increased from 39% (95% confidence in-
terval [CI], 33%-44%) in 1989-1994 to 58%
(95% CI, 51%-64%; P < .001) in the 2001-
2005 cohort. Projected 5-year progres-
sion-free survival and OS are 14% (95%

CI, 9%-20%) and 29% (95% CI, 23%-35%),
respectively, in the latest cohort. Increas-
ing age, longer interval from diagnosis to
transplantation, and unrelated donor
grafts adversely affected OS in multivar-
iate analysis. Survival at 5 years for
subjects with none, 1, 2, or 3 of these
risk factors were 41% (range, 36%-47%),
32% (range, 27%-37%), 25% (range, 19%-
31%), and 3% (range, 0%-11%), respec-
tively (P < .0001). (Blood. 2011;118(7):
1979-1988)

Introduction

Autologous hematopoietic stem cell transplantation (auto-HCT) is
standard therapy for eligible patients with multiple myeloma (MM), and
MM is the most common indication for auto-HCT in North America.1,2

In contrast, allogeneic hematopoietic cell transplantation (allo-HCT) is
less commonly used because of high treatment-related mortality (TRM).3

Most reports on the utility of allogeneic approaches have come from
smaller series or from transplantation registries.4-7 Higher rates of
molecular responses after allo-HCT compared with auto-HCT and a
potential graft-versus-myeloma effect have been considered significant
benefits for this modality.8-11

Despite higher TRM, there has been continued interest in the
role of allo-HCT because of the inability to cure patients with
currently available therapies, improved ability to identify those
with high-risk myeloma, advances in supportive care, and increas-
ing experience with nonmyeloablative/reduced-intensity (NMA/
RIC) conditioning. Data from the European Group for Blood and
Marrow Transplantation suggest that TRM with allo-HCT de-
creased from 46% at 2 years for transplantations performed from
1983-1993 to 30% for transplantations done from 1994-1998.12 A

study from Seattle also highlighted the reduction in TRM in recent
years.13 Recent trials have attempted to compare the NMA/RIC
allogeneic approach to tandem auto-HCT, especially in the sub-
group of patients with high-risk disease.14,15 Prospective trials of
RIC regimens also suggest lower TRM.16-19

It is not clear how these changes have affected outcomes after
allo-HCT in MM. Data reported to the Center for International
Blood and Marrow Transplantation Research (CIBMTR) offers a
unique resource to study these trends. We analyzed the trends in
patient demographics, disease characteristics, and rates of GVHD,
TRM, progression-free survival (PFS), and overall survival (OS)
among patients undergoing allo-HCT for MM from 1989 to 2005.

Methods

Patient population

Recipients of allo-HC transplants for MM between 1989 and 2005 reported
to the CIBMTR were included in this study. The CIBMTR is the research
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affiliation of the International Bone Marrow Transplant Registry and the
National Marrow Donor Program (NMDP). Established in 2004, it receives
data from � 500 transplantation centers worldwide on consecutive allo-
HCTs and auto-HCTs. Data are submitted to the Statistical Center at the
Medical College of Wisconsin in Milwaukee and the NMDP Coordinating
Center in Minneapolis, where computerized checks for discrepancies,
physicians’ review of submitted data, and on-site audits of participating
centers ensure data quality. The CIBMTR collects both Transplant Essential
Data and Comprehensive Report Form data before transplantation, 100 days
and 6 months after transplantation, and annually thereafter. Observational
studies conducted by the CIBMTR are performed with approval of the

institutional review boards of the National Marrow Donor Program and the
Medical College of Wisconsin.

Statistical analysis

Patient-, disease-, and transplantation-related variables of allo-HC
transplant recipients for MM were analyzed in 3 cohorts based on their
year of transplantation (1989-1994, 1995-2000, and 2001-2004). Co-
horts were compared with the �2 statistic for categorical variables and
the Kruskal-Wallis test for continuous variables. Probability of PFS and
OS were calculated with the Kaplan-Meier estimator, with the variance

Table 1. Characteristics of patients who underwent allogeneic transplantation for MM between 1989 and 2005 by year of transplantation,
reported to CIBMTR

1989-1994 1995-2000 2001-2005 P

Patient-related variables

No. of patients 343 376 488

No. of centers 84 102 121

Age at transplantation, y � .001

Median (range) 44 (24-59) 47 (22-66) 51 (24-70) � .001

� 40 y, n (%) 99 (29) 67 (17) 52 (11)

40-49 y, n (%) 203 (59) 174 (46) 177 (36)

50-59 y, n (%) 41 (12) 120 (32) 196 (40)

60-69 y, n (%) 0 15 (4) 63 (13)

Male sex, n (%) 194 (57) 243 (65) 295 (60) .086

Karnofsky score � 90% before transplantation, n (%) 128 (37) 148 (39) 165 (34) .229

Disease-related variables

Immunologic subtype .019†

IgG, n (%) 13 (4) 207 (55) 230 (47)

IgA, n (%) 8 (2) 57 (15) 80 (16)

IgD, n (%) 0 3 (� 1) 6 (1)

Light chain, n (%) 14 (4) 61 (16) 91 (19)

Nonsecretory, n (%) 9 (3) 20 (5) 26 (5)

Not specified or missing, n (%) 299 (87) 28 (7) 55 (11)

Durie-Salmon stage at diagnosis .11†

Stage I, n (%) 3 (� 1) 37 (10) 40 (8)

Stage II, n (%) 9 (3) 109 (29) 111 (23)

Stage III, n (%) 21 (6) 199 (53) 288 (59)

Missing, n (%) 310 (90) 31 (8) 49 (10)

Sensitivity to chemotherapy before transplantation .011†

Sensitive, n 20 (6) 219 (58) 314 (64)

Resistant, n 15 (4) 107 (28) 140 (29)

Missing/not applicable, n 308 (90) 50 (13) 34 (7)

Cytogenetics *

Abnormal 2 23 33

Normal 3 44 106

Not performed/reported 338 309 349

Total 343 376 488

Transplantation-related variables

Time from diagnosis to transplantation, mo

Median (range) 15 (2-169) 13 (1-233) 15 (2-171) .025

� 12 mo, n (%) 127 (37) 183 (49) 202 (41)

12-18 mo, n (%) 64 (19) 50 (13) 77 (16)

� 18 mo, n (%) 152 (44) 143 (38) 209 (43)

No. of lines of chemotherapy, excluding priming

1, n (%) 9 (3) 74 (20) 134 (28) � .001†

2, n (%) 5 (1) 70 (19) 67 (14)

Missing, n (%) 329 (96) 232 (62) 287 (59)

Prior autologous transplantation, n (%) 9 (3) 86 (23) 313 (64) � .001

Time from auto-HCT to allo-HCT, mo

Median (range) 11 (3-31) 16 (2-77) 6 (1-89) .001

� 6 mo, n (%) 2 (� 1) 20 (5) 154 (32)

6-12 mo, n (%) 3 (� 1) 13 (3) 38 (8)

12-24 mo, n (%) 2 (� 1) 21 (6) 45 (9)

� 24 mo, n (%) 336 (98) 322 (86) 251 (51)

*Comparison not performed because all groups had � 20% missing data.
†Comparisons between groups 2 and 3 whereby � 20% patients had missing data.
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estimated by Greenwood formula. Values for other endpoints were
generated with the use of cumulative incidence estimates to accommo-
date competing risks. Comparison of survival curves was done with the
log-rank test.

Potential prognostic factors for survival were evaluated in a multivari-
ate analysis with the use of the Cox proportional hazards regression. The
variables considered in the multivariate analysis were age at transplantation
(continuous), time from diagnosis to transplantation (� 24 months vs
� 24 months), type of donor (HLA-identical sibling vs other related vs
unrelated donor), donor recipient sex match, prior auto-HCT (no vs yes),
and conditioning regimen (myeloablative vs NMA/RIC). A stepwise model
selection approach at a .05 significance level was used to identify all
significant risk factors. Each step of model building contained the main
effect for year of transplantation (1989-1994 vs 1995-2000 vs 2001- 2005).
In the model, the assumption of proportional hazards was tested for each
variable, and factors violating the proportionality assumption were adjusted
by stratification. All variables considered in the multivariate analysis
satisfied the proportionality assumption. The potential interactions between
the main effect and all other significant risk factors were tested. Adjusted
probabilities of OS were generated from the final Cox models. All
computations were made with the statistical package SAS Version 9 (SAS
Institute). All P values are 2-sided.

Results

Patient characteristics

The study population consisted of 1207 patients, analyzed in
3 cohorts according to the year of transplantation: 1989-1994
(n � 343; 28%), 1995-2000 (n � 376; 31%), and 2001-2005
(n � 488; 41%). Patients were reported from 121 transplantation
centers, including 59 centers from Europe that contributed 359 pa-
tients (30%). Cutoff date for follow-up for the data presented was
June 30, 2008. Follow-up completeness index for the overall study
was 97%. Patient characteristics are detailed in Table 1. The
numbers of allo-HCT for MM reported to CIBMTR over the years
are shown in Figure 1.

The median age at transplantation for the entire group was
47 years (range, 22-70 years), and 732 (61%) of the patients were
male. Age at transplantation increased in the later cohorts with a
median of 51 years in the recent cohort (2001-2005) compared with
44 years for the early group (1989-1994). The proportions of
patients � 50 years were 12%, 36%, and 53% during the 3 consecu-
tive time periods, respectively. Similarly, 13% (n � 63) of the
patients in the most recent time period were � 60 years compared
with none of the patients in the earliest cohort. The progressive
increase in the overall numbers of patients undergoing allo-HCT
over the 3 time periods is completely accounted for by patients
� 50 years. Patients were also reported from more centers in the
last time period: 121 compared with 84 during the first time
period. The Karnofsky performance score at transplantation was
similar across the 3 groups, with 61% having a score of � 90%.
The majority of the patients (80%) in the dataset were lacking
cytogenetic information at diagnosis because such testing
was not in routine clinical practice for most of the time period
under study.

Disease characteristics

Baseline disease characteristics were not significantly different
between the time periods, but this comparison was hampered by a
significant amount of missing data, especially in the earlier cohorts.
This reflects incomplete reporting as well as changes in staging
system and response criteria for MM. The distribution of heavy
chain type and the proportion of patients with light chain or
nonsecretory myeloma were similar across the groups. The distribu-
tion of international staging system stage could not be compared
because almost all patients had their disease diagnosed before the
advent of the staging system. Overall, the proportion of patients
with sensitive disease at the time of transplantation was similar in
the latter 2 groups, whereas this information was not available for
most of the patients in the earliest group. The median time from

Figure 1. Number of allo-HCTs for MM reported to the CIBMTR during 1989 and 2005 annually with trend line.
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diagnosis to transplantation was 14 months for the entire group and
was similar across the 3 groups (Table 1). Given the lack of data
about the intent to perform allo-HCT in a planned “upfront” fashion or
as salvage after relapse, we considered allo-HCT within 12 months of
diagnosis as a surrogate marker for early allo-HCT. The proportion of
patients undergoing an allo-HCT within 12 months of diagnosis was
similar across the 3 groups with 37%-49% receiving an allo-HCT earlier

in the course of their disease. The number of lines of therapy before
allo-HCT was not available for most of the patients in the earliest time
period, thereby limiting comparison.

Transplantation-related characteristics

A clear shift was observed toward the use of RIC or NMA regimens
in the most recent cohort (Table 2). Although cyclophosphamide

Table 2. Transplantation-related characteristics of patients who underwent allogeneic transplantation for mm between 1989 and 2005

Variables 1989-1994, n (%) 1995-2000, n (%) 2001-2005, n (%) P

Conditioning regimen � .001

Myeloablative 324 (95) 279 (74) 105 (22)

Cy � TBI 152 (44) 99 (26) 19 (4)

Bu � Cy 129 (38) 94 (25) 19 (4)

TBI � 500 cGY single or TBI � 800 cGY fractions 33 (10) 65 (17) 23 (5)

Other regimens* 10 (2) 23 (6) 45 (9)

Nonmyeloablative/RIC 14 (4) 86 (23) 344 (70)

Low-dose TBI 5 (1) 12 (4) 73 (15)

LPAM � 150 mg/m2 1 (� 1) 27 (7) 108 (22)

Bu � 9 mg/kg 6 (2) 21 (6) 42 (9)

Flud � Cy 0 7 (2) 41 (8)

Flud �TBI � 200 cGY 0 16 (4) 79 (16)

CBV 2 (� 1) 1 (� 1) 0

Missing 5 (1) 11 (3) 39 (8)

Donor type � .001

HLA-identical 316 (92) 262 (70) 322 (66)

Other related 11 (3) 19 (5) 9 (2)

Unrelated 16 (5) 95 (25) 157 (32)

Graft type � .001

BM 342 (99) 196 (52) 58 (12)

PBSC 1 (� 1) 180 (48) 430 (88)

Donor age .181

� 30 y 35 (10) 46 (12) 52 (11)

30-40 y 96 (28) 93 (25) 114 (23)

40-50 y 133 (39) 124 (33) 171 (35)

� 50 y 70 (20) 98 (26) 139 (28)

Missing 9 (3) 15 (4) 12 (2)

ATG use 8 (2) 47 (13) 91 (19) � .001

GVHD prophylaxis � .001

T-cell depletion 59 (17) 80 (21) 16 (3)

FK506 � MTX � others 2 (� 1) 22 (6) 74 (15)

FK506 � others 1 (� 1) 19 (5) 67 (14)

CsA � MTX � others 235 (69) 177 (47) 103 (21)

CsA � others 41 (12) 70 (19) 212 (43)

Others 5 (1) 8 (2) 16 (3)

Planned maintenance therapy � .001

No 294 (86) 246 (65) 226 (46)

Yes 35 (10) 42 (11) 99 (20)

Missing 14 (4) 88 (23) 163 (33)

Median follow-up of survivors, mo (range) 123 (3-204) 86 (3-135) 36 (3-81)

Maximum grade of chronic GVHD† .005

No chronic GVHD 228 (66) 260 (69) 288 (59)

Limited 52 (15) 42 (11) 67 (14)

Extensive 63 (18) 74 (20) 133 (27)

Maximum overall severity of chronic GVHD‡ � .001

No chronic GVHD 228 (66) 260 (69) 288 (59)

Mild 52 (15) 40 (11) 101 (21)

Moderate 36 (10) 37 (10) 62 (13)

Severe 22 (6) 16 (4) 30 (6)

Unknown/missing 5 (1) 23 (6) 7 (1)

Cy indicates cyclophosphamide; TBI, total body irradiation; Bu, busulfan; low-dose TBI, � 500 cGy single fraction or � 800 cGy multiple fractions; LPAM, melphalan; Flud,
fludarabine; CBV, cyclophosphamide � carmustine (BCNU) � etoposide (VP-16); PBSC, peripheral blood stem cells; ATG, antithymocyte globulin; FK506, tacrolimus; MTX,
methotrexate; and CsA, cyclosporine.

*Other regimens include Cy � VP16 � TBI, LPAM � 150 mg/m2, Bu � 9 mg/kg, or Bu � LPAM.
†Limited versus extensive; P � .112.
‡Mild versus moderate versus severe; P � .53.
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with total body irradiation (Cy-TBI) and busulfan with
Cy-conditioning regimens constituted 82% of all transplant-
conditioning regimens in the first group, they accounted for only
8% in the most recent cohort. The most commonly used
conditioning regimens in the recent group included mel-
phalan � 150 mg/m2, low-dose (200 cGy) TBI, and fludarabine
with TBI, accounting for 50% of the patients. A significantly
higher proportion of patients (64%) in the most recent cohort
had an auto-HCT before the allo-HCT compared with 3% and
23%, respectively, in the first and second cohort. The increase in

the use of tandem auto-allo HCT was clearly evident with 50%
of the recipients in the most recent cohort receiving allo-HC
transplant within 6 months of the auto-HCT compared with 20%
in the previous 2 cohorts combined.

Increasing use of peripheral blood stem cell (PBSC) grafts
was observed with 88% of the transplantations in the recent
cohort that used PBSC grafts compared with � 1% in the first
cohort. There was increasing use of unrelated donors with
32% of the recent cohort receiving unrelated transplants com-
pared with 5% in the first cohort. GVHD prophylaxis continues

Figure 2. Relative risks (RRs) of various outcomes after
allo-HCT during the 3 time periods. The risk is expressed
relative to that seen during the most recent period (2001-2005),
which is assumed to have a RR of 1.

Table 3. Comparison of outcomes across cohorts

1989-1994, probability
(95% CI)

1995-2000, probability
(95% CI)

2001-2005, probability
(95% CI) P

Acute GVHD (grades II-IV) at 100 d* 29 (24-34) 34 (29-39) 35 (30-40) .196�
Chronic GVHD†

At 1 y 32 (27-37) 28 (23-33) 46 (41-51) � .001�
At 3 y 33 (28-38) 30 (25-34) 49 (44-55) � .001�
At 5 y 33 (28-38) 30 (25-34) 51 (46-57) � .001�

100-day mortality‡ 33 (28-38) 29 (24-33) 17 (14-21) � .001�
Treatment-related mortality§

At 1 y 36 (31-41) 42 (37-47) 22 (18-26) � .001�
At 3 y 40 (35-45) 45 (40-50) 27 (23-31) � .001�
At 5 y 40 (35-45) 46 (41-51) 28 (23-32) � .001�

Relapse/progression§

At 1 y 27 (22-31) 19 (16-24) 33 (29-37) � .001�
At 3 y 36 (31-41) 28 (23-32) 48 (43-53) � .001�
At 5 y 39 (33-44) 32 (27-37) 58 (51-64) � .001�

PFS§ .315¶

At 1 y 37 (32-43) 39 (34-44) 46 (41-50) .035�
At 3 y 24 (20-29) 28 (23-32) 25 (20-29) .555�
At 5 y 21 (17-26) 22 (18-26) 14 (9-20) .084�

OS§ .014¶

At 1 y 50 (45-56) 49 (44-54) 63 (59-67) � .001�
At 3 y 36 (31-41) 36 (31-41) 42 (37-47) .199�
At 5 y 30 (25-35) 30 (26-35) 29 (23-35) .918�

*Cohort 1989-1994 (n � 342), 1995-2000 (n � 376), and 2001-2005 (n � 487).
†Cohort 1989-1994 (n � 339), 1995-2000 (n � 373), and 2001-2005 (n � 475).
‡Cohort 1989-1994 (n � 343), 1995-2000 (n � 376), and 2001-2005 (n � 483).
§Cohort 1989-1994 (n � 343), 1995-2000 (n � 376), and 2001-2005 (n � 488).
�Pointwise P value, which one is used in article.
¶Determined with log-rank test.
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to be primarily cyclosporine (CsA) based with 81% and 64% in
the first and the latest cohorts receiving a CsA-based prophy-
laxis regimen. However, the proportion of patients getting
methotrexate in combination with CsA decreased over the time
period from 69% in the first cohort to 21% in the third cohort.
Use of T-cell depletion declined over this time period, 17%,
21%, and 3% for the 3 consecutive cohorts, respectively. There
was increasing use of antithymocyte globulin either as part of
conditioning or for GVHD prophylaxis from 2% to 19% over the
time periods, probably reflecting increased use of RIC regimens
and unrelated donors.

Outcomes after transplantation

At the time of analysis, 411 patients were alive with a median
follow-up for the surviving patients of 62 months (range,
3-204 months). Incidence of acute GVHD (grade II-IV) was
similar across the 3 cohorts (Table 3). However, the incidence of
chronic GVHD was significantly higher in the most recent cohort,
with one-half of the patients surviving beyond 5 years having
chronic GHVD. Sixty-five percent of these patients had extensive
chronic GVHD, and 46% had moderate-to-severe chronic GVHD.
There was a significant decrease in TRM during this time period
with patients in the most recent cohort enjoying a 45% reduction
in the risk of TRM compared with the 2 earlier time periods
(P � .01), whereas no difference was seen between the 2 earlier

cohorts (Figures 2 and 3A). In contrast, the risk of relapse was
highest in the most recent cohort with a cumulative incidence of
relapse of 58% at 5 years compared with 39% at 5 years in the
earliest group and 32% for the intermediate cohort (Figures 2
and 3B). However, PFS was comparable across the 3 groups,
reflecting the opposing effects of increased risk of progression
and decreased TRM (Figure 4A). Although OS at 1 year was
superior in the most recent cohort (63% vs 49% vs 50%;
P � .001; Figure 2), at 3 and 5 years OS was similar across all 3
cohorts (Figure 4B). The causes of death were similar across the
groups with the exception of deaths because of progressive disease
being lowest in the 1995-2000 group (Table 4). The distribution of
early and late mortality after transplantation is detailed in Table 5.
We also estimated the OS from the time of relapse after allo-HCT,
and this was comparable between the 3 groups.

Factors affecting survival

We specifically examined the effect of various baseline and
transplant-related characteristics on OS after allo-HCT (Table
6). Compared with the initial cohort there was decreased risk of
death over time. Other factors associated with improved sur-
vival were younger age, HLA-identical sibling donor, and
transplantation within 24 months from diagnosis. Compared
with the early cohorts, the most recent cohort had a significantly

Figure 3. Cumulative incidence of TRM and relapse. (A) Cumu-
lative incidence of TRM during the 3 time periods studied.
(B) Similarly, cumulative incidence of relapse over time, compar-
ing the results from the 3 time periods.
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improved survival within the first 6 months after transplanta-
tion, but survival beyond 6 months after transplantation was
similar across the cohorts. Other factors considered were not
found to be significant in the multivariate analysis. With the use
of only those with available data, we examined the effect of

cytogenetic abnormality on outcome and did not find any
significant difference between those with or without abnormali-
ties on conventional cytogenetic analysis. However, significant
baseline imbalances and missing data in the earlier cohorts
require caution in interpreting the direct comparisons.

Risk model

The modifiable risk factors (unrelated donor grafts, increasing age
[� 47 years] and longer interval [� 24 months] from diagnosis to
allo-HCT) identified in multivariate analysis were used to generate
a risk model for survival after allo-HCT (Figure 5). Five-year
survival rates for subjects with none, 1, 2, or 3 of the risk factors
were 41% (range, 36%-47%), 32% (range, 27%-37%), 25% (range,
19%-31%), and 3% (range, 0%-11%), respectively (P � .0001).

Discussion

Studies have suggested a near doubling of the survival for MM in
the recent time periods, presumably related to the availability of
new drugs, more widespread use of auto-HCT, and improved

Figure 4. PFS and OS. (A) PFS and (B) OS from
diagnosis. The curves are compared with the log-rank
test. Patients at risk of the event are as shown below the
graph.

Table 4. Causes of death

1989-1994,
n (%)

1995-2000,
n (%)

2001-2005,
n (%)

Total no. of patients 343 376 488

No. of deaths 249 274 273

Primary disease (MM) 111 (45) 80 (29) 112 (41)

Infection 39 (16) 44 (16) 48 (18)

GVHD 15 (6) 22 (8) 18 (7)

Pneumonitis 17 (7) 14 (5) 6 (2)

Organ failure 19 (8) 37 (14) 25 (9)

Second malignancy 1 (� 1) 5 (2) 3 (1)

Accidental death 0 3 (1) 0

Graft failure 3 (1) 1 (� 1) 1 (� 1)

Hemorrhage 6 (2) 6 (2) 1 (� 1)

Other/Missing 38 (15) 62 (23) 59 (22)
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supportive care.20,21 The use of allo-HCT in MM has been limited
because of reported high TRM rates and the long-term effect on
quality of life as a result of chronic GVHD.7,22 The absence of
major randomized studies of allo-HCT in newly diagnosed MM
(with the notable exception of Bruno et al17) has resulted in this
modality being used later in the disease course.4-6,16,23,24

Results of this study provide a perspective of the changes in the
use and practice of allo-HCT for MM. There is an increasing trend
in the age of allo-HC transplant recipients, most probably because
of the increasing use of RIC/NMA regimens. This is of particular
relevance because the median age at diagnosis of MM is 67 years.
Many of the practice trends seen in the current study are not unique
to MM and mirror the recently published large single-center
experience with allo-HCT for various indications from Seattle.13

The increase in the overall numbers of allo-HCT over time and the
increasing number of centers performing the transplantations
reflect increasing experience of treating physicians and the recogni-
tion of its feasibility in older patients.

No increase was observed in the interval between diagnosis and
allo-HCT, despite the increased recent availability of newer
nontransplantation treatment options. Increasing appreciation of
genetic heterogeneity in myeloma and the poor outcome of patients
with high-risk cytogenetic features may have led to these patients
receiving transplants earlier.25-28 Our study has the drawback of not
having cytogenetic data available for analysis in most of patients
because the earlier patient cohorts (1989-1999) were accrued
before these tests were routinely performed. Disease characteristics
of transplant recipients do not seem to have changed much over the
time period. In particular, the lack of change in the IgA population
argues against any enrichment for high-risk subgroups such as
those with t(4;14) typically associated with an IgA paraprotein.29

The proportion of patients with chemosensitive MM at transplanta-
tion did not change between the latter 2 cohorts.

In the recent cohorts, there was a significant increase in the
proportion of patients with a prior auto-HCT. This coincides with
increasing use of the tandem auto-HCT followed by NMA/RIC

allo-HCT and is further supported by the substantial increase in the
proportion of allo-HCTs done within 6 months of an auto-HCT.
Despite a high proportion of patients on the tandem autologous
followed by allo-HCT approach, our data indicate a significant
increase in relapse risk of the most recent cohort. This is consistent
with the results of the recent BMT CTN 0102 trial as well as a
previous report from the European Group for Blood and Marrow
Transplantation, both of which showed a high and ongoing risk of
relapse after allo-HCT with NMA conditioning.15,30

Several interesting transplant-related practice changes were
identified, paralleling overall trends in the allo-HCT field.13,31 The
most common regimens used in the recent cohort were low-dose
TBI (200 cGy) with or without fludarabine and low-dose melphalan
(� 150 mg/m2), reflecting the popularity of RIC regimens.32,33 This
coincided with decreased use of Cy-TBI and busulfan-Cy regimens, the
most common conditioning regimens before 2001.7,34 Another interest-
ing trend is the increasing use of unrelated donors. This is probably a
composite effect of older allo-HC transplant recipients (with fewer
sibling donors) and increasing probability of finding suitable donors
through the NMDP. PBSCs have replaced BM as the source of graft
with 88% of transplantations in the latest cohort (compared with
99% marrow grafts in the first cohort).30 There was also decreasing use
of methotrexate for GVHD prophylaxis regimens and a increasing use
of tacrolimus. These trends are not specific to myeloma and are similar
to that seen across other diseases.13

Use of RIC regimens correlated with decreased TRM. Day-100
mortality and the TRM at 1 year have dropped to 17% and 22%,
respectively, from 33% in the first cohort for day-100 mortality and
42% in the intermediate cohort for 1-year TRM.Although acute GVHD
rates were unchanged during this time frame, the cumulative incidence
of chronic GVHD increased. This is most probably explained by the
increasing use of PBSC grafts and unrelated donors.

Most importantly, the risk of relapse/disease progression has
increased, with the risk nearly doubling for the recent cohort
compared with the 1995-2000 cohort. Although this can be
explained at least partly by the increasing use of RIC/NMA

Figure 5. Probability of survival for risk groups with 0, 1, 2, or
3 risk factors identified from multivariate analyses.

Table 5. Time to death

1989-1994 1995-2000 2001-2005

< 3 mo 3-12 mo > 12 mo < 3 mo 3-12 mo > 12 mo < 3 mo 3-12 mo > 12 mo

Myeloma, n (%) 29 (28) 24 (38) 58 (73) 12 (12) 24 (27) 44 (53) 14 (18) 43 (45) 57 (58)

TRM, n (%) 76 (72) 40 (62) 22 (27) 91 (88) 64 (73) 39 (47) 66 (82) 52 (55) 41 (42)

There were 249 deaths in the 1989-1994 group, 274 in the 1995-2000 group, and 273 in the 2001-2005 group.
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regimens, the role of patient selection and the more frequent use of
antithymocyte globulin may also operate. However, the recent
cohort also had a higher proportion of patients receiving the tandem
auto-allo approach with a substantial proportion (50%) within
6 months of the auto-HCT. The recent cohort is also more likely to
have received modern induction approaches before transplantation.
Despite these improvements in induction, the use of tandem
auto-allo HCT and lowered TRM, PFS was not improved for the
recent cohort of patients with MM. The net result of the decrease in
early TRM and the increased relapse rate was an improvement in
the 1-year OS rate but similar 3- and 5-year survival. Notably,
recently reported results of the BMT-CTN 0102 trial also failed to
show any survival benefit for allogeneic approaches, albeit with
short follow-up at this time.15 Our study also highlights the high
rate of relapse in patients undergoing current allo-HCT regimens
for myeloma. The increased risk of relapse seen here and in the
recent trials of RIC/NMA transplants, with only a modest decrease
in the TRM, does raise the question about the role of NMA
transplantations versus myeloablative transplantation for this dis-
ease. Given that the most of the allo-SCT for myeloma are done
later in the disease course, a myeloablative regimen may provide
superior disease control until an immune-mediated graft-versus-
tumor effect becomes active.

In conclusion, allo-HCT continues to be used for the treatment
of myeloma. Although the recent shift to the use of RIC/NMA
regimens has led to a reduction in early TRM, the lack of durable
disease control reflected in increased risk of relapse/progression
remains a major issue. We recommend allo-HCT for myeloma in
the context of clinical trials after the pros and cons of a myeloabla-
tive versus RIC/NMA conditioning approach is discussed in detail
with the patient. The key area of interest for future allo-HCT trials
in MM would be relapse risk reduction by incorporation of newer

drugs into different phases of allo-HCT, including conditioning
regimen changes and maintenance therapy.
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