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We previously reported that bone marrow grafts from matched
sibling donors resulted in best graft-versus-host disease-free,
relapse-free survival at 1-year post allogeneic hematopoietic

cell transplantation. However, pediatric patients comprised the majority
of bone marrow graft recipients in that study. To better define this out-
come in adults and pediatric patients at 1- and 2-years post- allogeneic
hematopoietic cell transplantation, we pooled data from the University
of Minnesota and the Hôpital Saint-Louis in Paris, France (n=1901).
Graft-versus-host disease-free, relapse-free survival was defined as the
absence of grade III-IV acute graft-versus-host disease, chronic graft-ver-
sus-host disease (requiring systemic therapy or extensive stage), relapse
and death. In adults, bone marrow from matched sibling donors (n=123)
had best graft-versus-host disease-free, relapse-free survival at 1- and 2-
years, compared with peripheral blood stem cell from matched sibling
donors (n=540) or other graft/donor types. In multivariate analysis,
peripheral blood stem cells from matched sibling donors resulted in a
50% increased risk of events contributing to graft-versus-host disease-
free, relapse-free survival at 1- and 2-years than bone marrow from
matched sibling donors. With limited numbers of peripheral blood stem
cell grafts in pediatric patients (n=12), graft-versus-host disease-free,
relapse-free survival did not differ between bone marrow and peripheral
blood stem cell graft from any donor. While not all patients have a
matched sibling donor, graft-versus-host disease-free, relapse-free sur-
vival may be improved by the preferential use of bone marrow for
adults with malignant diseases. Alternatively, novel graft-versus-host
disease prophylaxis regimens are needed to substantially impact 
graft-versus-host disease-free, relapse-free survival with the use of
peripheral blood stem cell.
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ABSTRACT

Introduction

Disease relapse and graft-versus-host disease (GVHD) impact the length and qual-
ity of life after allogeneic hematopoietic cell transplantation (HCT). Yet, in clinical
trials, outcomes of allogeneic HCT are often defined by isolated events of GVHD,
relapse, and mortality. The Blood and Marrow Transplant Clinical Trials Network
(BMT CTN) incorporated these major causes of morbidity and mortality into a com-
posite endpoint named GVHD-free, relapse-free survival (GRFS) - defined as the
absence of grade III-IV acute GVHD, chronic GVHD requiring systemic immuno-
suppression, relapse, or death. We previously reported 1-year GRFS of 31% in 907



consecutive patients who underwent allogeneic HCT at
the University of Minnesota (UMN) from 2000-2012.1 In
that study, bone marrow (BM) grafts from a human leuco-
cyte antigen (HLA)-matched sibling donor (MSD) resulted
in the best GRFS (51%) as compared with peripheral
blood stem cell (PBSC) from MSD (25%), BM from
matched unrelated donors (URD) (32%), or umbilical cord
blood (UCB) transplants (31%). However, there were lim-
ited numbers of adult patients (age >21) who received BM
from MSD, and thus specific conclusions regarding the
impact of graft source in adults could not be drawn. To
address that question in a larger dataset, we now report
the outcomes of 1,901 patients pooled from the UMN and
the Hôpital Saint-Louis in Paris (Saint-Louis). Moreover, in
our previous study, pediatric recipients of BM from MSD
served as the reference group to which all other groups
(including adult patients) were compared. In the current
study, we report GRFS at 1- and 2-years post- transplanta-
tion in pediatric and adult patients independently, as their
GRFS differs widely. With our pooled data, we show that
allogeneic HCT with BM from a MSD results in the best
GRFS in adult patients at both 1- and 2-years. In contrast,
pediatric patients have similar GRFS with PBSC or BM
graft from any donor, but the use of UCB was associated
with inferior GRFS. 

Methods

Our primary objective was to compare GRFS among different
donor/graft sources at 1- and 2-years. The secondary objectives
were (a) to define the distribution of GRFS events at 1-year among
different donor/graft sources and (b) to define disease free survival
(DFS) and overall survival (OS) at 1- and 2-years post-HCT. 

Patient population and definitions
We included all consecutive patients who underwent first allo-

geneic HCT for hematological malignancy at the UMN from 2000
to 2013 (n=995) or Saint-Louis from 2000 to 2012 (n=906). Graft
sources included PBSC, BM and UCB, while donors were MSD or
matched URD (6/6-HLA matched), other related donors (5-6/6-
HLA matched), or mismatched URD (5/6-HLA matched). Patients
with prior allogeneic HCT, recipients of syngeneic HCT, hap-
loidentical HCT, experimental cellular therapies or graft manipula-
tion techniques, and those with non-malignant diseases were
excluded. GRFS events were defined at 1- and 2- years of HCT as
the first occurrence of grade III-IV acute GVHD, extensive or sys-
temic chronic GVHD requiring therapy, relapse, or death. Disease
risk at the time of transplantation was classified into standard-risk
or high-risk based on the American Society for Blood and Marrow
Transplantation (ASBMT) 2006 risk scoring schema.2 Acute
myeloid leukemia (AML) or acute lymphoblastic leukemia (ALL)
in first or second complete remission, chronic myeloid leukemia
(CML) in first chronic phase, Hodgkin or non-Hodgkin lymphoma
in complete remission or chemotherapy-sensitive partial remis-
sion, chronic lymphocytic leukemia (CLL) in first remission were
defined as standard-risk; all other diseases were classified as high-
risk. DFS was defined as the time from transplantation to relapse
of the underlying malignancy or death, and OS was defined as the
time from transplantation to death. All HCT and data collection
protocols were reviewed and approved by the University of
Minnesota Institutional Review Board.

Statistical methods
Data were analyzed independently for pediatric patients (age

<21 years) and adults (age>21 years). The Wilcoxon signed-rank

test was used to compare characteristics across centers for contin-
uous factors and the Chi-square test was used for categorical vari-
ables. Kaplan-Meier curves were used to estimate the probability
of GFRS at 1- and 2-years post-HCT.3 The log-rank test was used
to complete the comparisons. Direct adjusted survival curves were
also calculated based on a stratified Cox model.4 The Cox regres-
sion model was used to examine the independent effect of factors
on GFRS.5 Proportional hazards were checked using martingale
residuals.6 Transplant centers violated the proportional hazards
assumption, and therefore models were stratified by center. Other
factors which were examined included year of HCT (2000-2007
versus 2008-2013, based on natural cut-off point), age, gender (male
versus female), diagnosis, recipient cytomegalovirus (CMV)
serostatus, type of conditioning (myeloablative versus reduced
intensity conditioning (RIC), with or without anti-thymocyte
globulin (ATG)), GVHD prophylaxis, donor type (MSD versus
other related donor versus matched URD versus mismatched URD
versus UCB), graft type (BM versus PBSC versus UCB)  and disease
risk (standard versus high-risk). All analyses were performed using
SAS version 9.3 (SAS Institute, Cary, NC, USA). All reported 
P-values are 2-sided. 

Results

Patient and treatment characteristics
A total of 1901 patients, including 1466 adults were ana-

lyzed, of which 456 received BM grafts (Table 1). Overall,
sixty percent of patients were males, 56% were CMV
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Figure 1. Kaplan-Meier estimates of GRFS, DFS and OS among (A)
adults and (B) pediatric patients. 
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seropositive, 61% had acute leukemia and 63% had stan-
dard-risk disease. As expected, there were significant dif-
ferences in patient and treatment characteristics between
the centers. More than half of the patients at the UMN
received UCB as the graft source (53%), while PBSC was
the most frequent graft source (56%) at Saint-Louis.
Correspondingly, the most common donor type at Saint-
Louis was MSD (49%), which constituted 35% of donor
types at the UMN. Myeloablative conditioning regimens
were used in a majority of patients at both the institutions,
although more commonly at Saint-Louis (64%) than at the
UMN (55%). Correlating with the differences in
donor/graft preferences, the choice of GVHD prophylaxis
also differed between the centers. Two-thirds of patients
at the UMN received mycophenolate mofetil with
cyclosporine for GVHD prophylaxis, while methotrexate
and cyclosporine (55%) was used most commonly at
Saint-Louis. The median overall follow-up was 6.2 years
(range, 0.3-14.4 years) and was similar in both sites.

Estimates of GRFS, DFS and OS in adults at one- and
two-years post-transplantation
The unadjusted Kaplan-Meier estimate of GRFS was

34% (95% confidence interval (C.I.) 31-36%) at 1-year
and 27% (95% C.I. 25-29%) at 2-years. The estimates of

DFS were 54% (95% C.I. 51-57%) and 46% (95% C.I. 43-
49%) at 1-and 2-years, respectively, while those of OS
were 62% (95% C.I. 60-65%) and 53% (95% C.I. 51-
56%) at 1-and 2-years, respectively (Figure 1A; Online
Supplementary Table S1A and S2A). 
In univariate analysis, BM from MSD resulted in best

GRFS at both 1-year (57%, 95% C.I. 48-65%) and at 2-
years (49%, 95% C.I. 40-57%) compared with any other
donor/graft source, P<0.001 (Table 2A). After adjusting for
age, conditioning regimens, diagnosis, disease risk and
recipient CMV serostatus in multiple regression analysis
stratified by center, donor/graft source was found to be an
independent predictor of GRFS (Table 3A). Figure 2 shows
adjusted survival and adjusted GRFS-defining events in
adults with BM versus PBSC graft from MSD versus UCB
grafts. The use of PBSC from either MSD, matched URD
or mismatched URD, and the use of UCB grafts resulted in
a 50-120% increased risk of GRFS events at both 1- and 2-
years compared with BM from MSD. However, BM from
matched URD was associated with similar GRFS at 1- and
2-years as BM from MSD. The use of RIC was associated
with a 20-30% lower incidence of GRFS events at 1- and
2-years compared with myeloablative regimens. The use
of ATG with myeloablative regimens did not impact
GRFS. Similarly, GRFS was not affected by age, after
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Table 1. Baseline patient and treatment characteristics.
Pediatric patients (Age <21 years) Adults (Age ≥21 years)

Variable Strata University Hôpital P* University of Hôpital P*
of Minnesota Saint-Louis, Paris Minnesota Saint-Louis, Paris

N 243 192 752 714
Age (Years) <0.01 <0.01
Median (range) 11 (<1-20) 15 (3-20) 50 (21-75) 44 (21-68)
Year of Transplant 2000-2007 151 (62%) 156 (81%) <0.01 437 (58%) 379 (53%) 0.05

2008-2013 92 (38%) 36 (19%) 315 (42%) 335 (47%)
Patient Gender: Male 154 (63%) 121 (63%) 0.94 441 (59%) 417 (58%) 0.93
Female Donor to Male 93 (38%) 55 (29%) 0.04 256 (34%) 159 (22%) <0.01
Donor Type MSD 59 (24%) 77 (40%) <0.01 292 (39%) 371 (52%) <0.01

Other related donor 14 (6%) 8 (4%) 21 (3%) 12 (2%)
Matched URD 11 (5%) 46 (24%) 69 (9%) 155 (22%)

Mismatched URD 1 (0%) 29 (15%) 5 (1%) 129 (18%)
UCB 158 (65%) 32 (17%) 365 (49%) 47 (7%)

Source BM 70 (29%) 119 (62%) <0.01 69 (9%) 198 (28%) <0.01
PBSC 14 (6%) 41 (21%) 317 (42%) 469 (66%)
UCB 159 (65%) 32 (17%) 366 (49%) 47 (7%)

Conditioning Myeloablative 232 (95%) 186 (96%) 310 (41%) 394 (55%) <0.01
RIC 11 (5%) 6 (4%) 442 (59%) 320 (45%)

GvHD Prophylaxis CsA/MMF 128 (53%) 9 (5%) <0.01 529 (70%) 309 (43%) <0.01
CsA/MTX 79 (33%) 143 (75%) 187 (25%) 351 (49%)

Other/unknown 36 (15%) 40 (21%) 36 (5%) 54 (8%)
Recipient CMV+ 139 (57%) 101 (53%) 0.34 424 (56%) 405 (57%) 0.90
Diagnosis ALL 123 (51%) 89 (46%) 0.17 122 (16%) 124 (17%) <0.01

AML 81 (33%) 63 (33%) 306 (41%) 262 (37%)
MDS/MPN/CML 24 (10%) 32 (17%) 180 (24%) 243 (34%)

NHL/HL/CLL/Myeloma 15 (6%) 8 (4%) 125 (17%) 81 (11%)
Other leukemia - - 19 (3%) 4 (1%)

Disease Risk: High 42 (17%) 32 (17%) 0.86 285 (38%) 289 (41%) 0.31

*P-value for between-treatment comparisons. Continuous variables were analyzed by general Wilcoxon test. Categorical variables were analyzed by χ2. ALL: acute lymphoblastic
leukemia; AML: acute myeloid leukemia; BM: bone marrow; CLL: chronic lymphocytic leukemia; CML: chronic myeloid leukemia; CMV: cytomegalovirus; CsA: cyclosporine; GvHD:
graft versus host disease; HL: Hodgkin lymphoma; RIC: reduced intensity conditioning; MDS: myelodysplastic syndrome; MMF: mycophenolate mofetil; MPN: myeloproliferative neo-
plasm; MSD: matched sibling donor; MTX: methotrexate; NHL: non-Hodgkin lymphoma; PBSC: peripheral blood stem cells; UCB: umbilical cord blood; URD: unrelated donor.  



adjusting for other variables. Patients with high-risk dis-
ease had a 30% higher risk of GRFS events at 1- and 2-
years compared to those with standard-risk disease.
Recipient CMV serostatus did not impact GRFS.

Distribution of GRFS events in adults at one-year 
post-transplantation
The distribution of GRFS events at 1-year varied signif-

icantly among different graft types and donor sources,
P<0.01. In the setting of MSD transplantation, chronic
GVHD was the most frequent GRFS event in recipients of
either PBSC (35%) or BM (30%) grafts. In contrast, acute
GVHD was the most common GRFS event in recipients of
PBSC (49%) or BM (33%) from matched URD and PBSC
(49%) from mismatched URD. Acute and chronic GVHD
were common (28% each) in recipients of BM from mis-
matched URD. Death (29%) and relapse (27%) con-
tributed to a majority of GRFS events after UCB transplan-
tation while GVHD events were less frequent. Events
occurring after the GRFS-defining events also varied by
donor/graft source (Online Supplementary Figures S1 and
S2). Table 4A depicts one-year cumulative incidences of
grade III-IV acute GVHD, chronic GVHD, relapse and

death by donor/graft sources.
Analyzing by conditioning regimens, deaths were more

common in recipients of myeloablative compared with
RIC regimens (23% versus 16%), while relapse (21% versus
34%) accounted for more GRFS events in those who
received RIC regimens. Major causes of death were infec-
tions (30%) in recipients of BM from MSD, disease relapse
(46%) in PBSC from MSD, acute GVHD in either PBSC
(53%) or BM (31%) from matched URD, and disease
relapse (33%) and infection (22%) in UCB recipients
(Online Supplementary Figure S3A).

Estimates of GRFS, DFS and OS in pediatric patients at
one- and two-years post-transplantation
Pediatric patients had considerably superior estimated

GRFS at 1-year (52%, 95% C.I. 48-57%) and at 2-years
(46%, 95% C.I. 41-51%) compared with adults. Similarly,
the estimates of DFS at 1-year (62%, 95% C.I. 57- 66%)
and 2-years (56%, 95% C.I. 51- 61%) and OS at 1-year
(69%, 95% C.I. 65- 74%) and at 2-years (63%, 95% C.I.
58- 68%) were higher than those in adults (Figure 1B;
Online Supplementary Table S1B and S2B).
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Table 2A. Univariate estimates of GRFS in adults (Age≥21 years).
At 1-year At 2-years

Survival Estimate Log Rank Survival Estimate Log Rank
Factor Strata Total N Event N Estimate 95% CI P Event N Estimate 95% CI P

Overall 1466 973 34% 31- 36% 1065 27% 25- 29%
Conditioning MA w/o ATG 625 413 34% 34- 37% 0.02 449 28% 25- 31% 0.04

MA w/ ATG 79 45 43% 32- 54% 53 33% 23- 43%
RIC with ATG 297 184 38% 33- 43% 207 29% 24- 34%

RIC without ATG 465 331 29% 25- 33% 356 23% 20- 26%
Donor/Graft Type BM-MSD 123 53 57% 48- 65% <0.01 63 49% 40- 57% <0.01

PBSC-MSD 540 372 31% 27- 35% 411 23% 20- 27%
Other related donor 33 24 29% 14- 44% 25 24% 11- 40%
BM- Matched URD 104 63 40% 31- 49% 70 32% 23- 41%
PBSC- Matched URD 120 78 36% 26-44% 83 30% 22- 39%
BM- Mismatched URD 30 18 43% 26- 60% 20 33% 18- 50%
PBSC- Mismatched URD 104 65 38% 29-47% 69 34% 25- 43%

UCB 412 300 27% 23- 31% 324 21% 17- 25%
Gender Male 858 584 32% 29- 35% 0.15 644 24% 22- 27% 0.04

Female 608 389 36% 32- 40% 421 31% 27- 34%
Diagnosis ALL 246 174 29% 24- 35% 0.02 194 20% 15- 26% <0.01

AML 568 352 38% 34- 42% 382 32% 29- 36%
MDS/MPN/CML 423 286 32% 28- 37% 311 26% 22- 30%
NHL/HL/ CLL/MM 206 141 32% 25- 38% 156 24% 18- 30%
Other Malignancy 23 20 13% 3- 30% 22 4% 0- 18%

Disease Risk Standard-Risk 892 572 36% 33- 39% <0.01 626 29% 26- 33% <0.01
High-Risk 574 401 30% 26- 34% 439 23% 20- 27%

Recipient CMV SerostatusNegative 637 406 36% 32- 40% 0.07 447 29% 26- 33% 0.08
Positive 829 567 32% 28- 35% 618 25% 22- 28%

GvHD prophylaxis CsA/MMF 838 585 30% 27- 33% <0.01 637 24% 21- 27% <0.01
CsA/MTX 538 334 38% 34- 42% 365 32% 28- 36%

Tac +/- Sirolimus 33 22 33% 18- 49% 22 33% 18- 49%
Other/unknown 57 32 44% 31- 56% 41 28% 17- 40%

Year of 2000-2007 816 560 31% 28- 35% 0.13 618 24% 21- 27% 0.05
transplantation 2008-2013 650 413 36% 33- 40% 447 31% 27- 34%

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; ATG: anti-thymocyte globulin; BM: bone marrow; CI: confidence interval; CLL: chronic lymphocytic leukemia;
CML: chronic myeloid leukemia; CMV: cytomegalovirus; CsA: cyclosporine; GvHD: graft versus host disease; HL: Hodgkin lymphoma; MA: myeloablative; RIC, reduced intensity con-
ditioning; MDS: myelodysplastic syndrome; MM: multiple myeloma; MMF: mycophenolate mofetil; MPN: myeloproliferative neoplasm; MSD: matched sibling donor; MTX: methotrex-
ate; NH: non-Hodgkin lymphoma; PBSC: peripheral blood stem cells; Tac: tacrolimus; UCB: umbilical cord blood; URD: unrelated donor. 
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Table 2B. Univariate estimates of GRFS in pediatric patients (Age <21 years).

At 1-year At 2-years
Survival Estimate Log Rank Survival Estimate Log Rank

Factor Strata Total N Event N Estimate 95% CI P Event N Estimate 95% CI P

Overall 435 207 52% 48- 57% 233 46% 41- 51%
Conditioning MA 418 192 54% 49- 59% <0.01 218 48% 43- 52% <0.01

RIC with ATG 5 4 20% 1- 58% 4 20% 1- 58%
RIC without ATG 12 11 8% 1- 31% 11 8% 1- 31%

Donor/graft type BM-MSD 124 46 62% 54- 70% <0.01 51 59% 49- 67% 0.03
PBSC-MSD 12 4 72% 48- 96% 6 50% 21- 74%

Other related donor 22 8 63% 43- 83% 10 55% 32- 72%
BM- Matched URD 34 19 45% 29- 61% 20 41% 25- 57%
PBSC- Matched URD 23 14 37% 17-57% 15 34% 16- 53%
BM- Mismatched URD 18 10 45% 22- 68% 14 22% 7- 43%
PBSC- Mismatched URD 12 6 50% 22-78% 7 42% 15- 67%

UCB 190 100 49% 42- 56% 110 42% 35- 49%
Gender Male 275 129 53% 47- 59% 0.68 151 45% 39- 51% 0.70

Female 160 78 51% 43- 59% 82 49% 41- 56%
Diagnosis ALL 212 101 52% 45- 59% 0.73 114 46% 39- 53% 0.79

AML 144 69 52% 44- 60% 77 46% 38- 54%
MDS/MPN/CML 56 24 57% 43- 69% 28 50% 36- 62%
NHL/HL/ CLL/MM 23 13 43% 23- 62% 14 39% 20- 58%

Disease risk Standard-Risk 361 166 54% 49- 59% 0.09 188 48% 42- 53% 0.10
High-Risk 74 41 45% 33- 55% 45 39% 28- 50%

Recipient CMV serostatus Negative 195 85 56% 49- 63% 0.15 94 52% 44- 58% 0.06
Positive 240 122 49% 43- 55% 139 42% 35- 48%

GvHD prophylaxis CsA/MMF 137 70 49% 40- 57% 0.02 75 45% 37- 53% <0.01
CsA/MTX 222 93 58% 51- 64% 106 52% 45- 58%

Other/unknown 76 44 42% 31- 53% 52 32% 22- 42%
Year of transplantation 2000-2007 307 146 52% 47- 58% 0.93 166 46% 40- 51% 0.93

2008-2013 128 61 52% 43- 61% 67 47% 38- 56%

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; ATG: anti-thymocyte globulin; BM: bone marrow; CI: confidence interval; CLL: chronic lymphocytic leukemia; CML:
chronic myeloid leukemia; CMV: cytomegalovirus; CsA: cyclosporine; GvHD: graft versus host disease; HL: Hodgkin lymphoma; MA: myeloablative; RIC, reduced intensity condition-
ing; MDS: myelodysplastic syndrome; MM: multiple myeloma; MMF: mycophenolate mofetil; MPN: myeloproliferative neoplasm; MSD: matched sibling donor; MTX: methotrexate;
MUD: matched unrelated donor; NHL: non-Hodgkin lymphoma; PBSC: peripheral blood stem cells; UCB: umbilical cord blood; URD: unrelated donor. 

Figure 2. Adjusted GRFS, DFS, OS, grade III-IV acute GVHD, chronic GVHD and relapse among adults with BM graft from matched sibling donor versus PBSC from
matched sibling donor versus UCB graft. 

Outcomes after BM-MSD versus PBSC-MSD versus UCB HCT in adult patients



It is noteworthy that only 12 patients received PBSC
from MSD contributing to limited GRFS events compared
with 124 BM recipients from MSD. Within this limitation,
GRFS differed significantly among various donor/graft
sources in univariate analysis (Table 2B). However, in mul-
tiple regression analysis stratified by center, graft/donor
source was not a statistically significant predictor of GRFS.
All donor/graft sources had a similar risk of GRFS events
at 1- or 2-years (overall P=0.17 and 0.15, respectively),
excluding UCB, which was associated with 50-70%
increased risk of GRFS events (Table 3B). Figure 3 shows
the adjusted GRFS, DFS, OS and GRFS-defining events
among recipients of BM graft from MSD compared with
UCB graft –the two most common graft sources used in
pediatric patients. The use of RIC resulted in 2.5-2.8 fold
higher risk of GRFS events at 1- and 2-years compared to
myeloablative conditioning. Disease risk and recipient
CMV seropositivity were not associated with GRFS.

Distribution of GRFS events in pediatric patients at 
one -year post-transplantation
GRFS events differed across various graft/donor types,

P<0.01. Relapse was the most frequent GRFS event in
recipients of BM (59%) or PBSC (50%) from MSD. In the
setting of matched URD transplantation, chronic GVHD
(43%) in PBSC recipients and acute GVHD (47%) in BM
recipients accounted for a majority of events. Recipients of
BM from mismatched URD had either relapse (50%) or
acute GVHD (50%) as the GRFS-defining event. Relapse
(33% and 37%) and death (33% and 36%) added to more
than two-thirds of GRFS events in recipients of PBSC from
mismatched URD and UCB recipients, respectively. Online
Supplementary Figures S1 and S2 depict the distribution of
events occurring subsequent to GRFS-defining events by
donor/graft source. In recipients of either myeloablative or
RIC regimens, relapse (39% and 44%) was the most fre-
quent event while chronic GVHD (14% and 3%) was the
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Table 3A. Multiple regression analysis on risk of GRFS *(adult patients).
At 1-year At 2-years

Factors N RR of P Overall RR of P Overall
events P events P

(95% CI) (95% CI)

Conditioning MA w/o ATG 625 1.0 Reference <0.01 1.0 Reference <0.01
MA w/ ATG 79 0.9 (0.6-1.2) 0.36 0.9 (0.7-1.3) 0.70
RIC w/o ATG 465 0.8 (0.7-1.0) 0.07 0.8 (0.7-1.0) 0.03
RIC with ATG 297 0.7 (0.5-0.8) <0.01 0.7 (0.6-0.8) <0.01

Age by decade 1.05 (1.0-1.1) 0.13 1.07 (1.0-1.1) 0.07
Donor/graft type BM-MSD 123 1.0 Reference <0.01 1.0 Reference <0.01

PBSC-MSD 540 1.5 (1.1-2.1) 0.01 1.5 (1.2-2.0) <0.01
Other related donor 33 1.7 (1.0-2.8) 0.04 1.6 (1.0-2.6) 0.05
BM- Matched URD 104 1.4 (0.9-2.0) 0.10 1.3 (0.9-1.9) 0.12
PBSC- Matched URD 120 2.1 (1.5-3.0) <0.01 1.9 (1.4-2.7) <0.01
BM- Mismatched URD 30 1.5 (0.9-2.6) 0.14 1.4 (0.9-2.4) 0.16
PBSC- Mismatched URD 104 2.2 (1.5-3.2) <0.01 2.0 (1.4-2.8) <0.01

UCB 412 1.6 (1.2-2.2) 0.01 1.5 (1.1-2.1) 0.01
Disease risk Standard-risk 892 1.0 Reference 1.0 Reference

High-risk 574 1.3 (1.1-1.4) <0.01 1.3 (1.1-1.4) <0.01
*Model stratified by center since there appears to be a violation of the proportional hazards assumption. No other factors violated assumption. ATG: anti-thymocyte globulin; BM:
bone marrow; CI: confidence interval; MA: myeloablative; RIC: reduced intensity conditioning; MSD: matched sibling donor; PBSC: peripheral blood stem cells; RR: relative risk; UCB:
umbilical cord blood; URD: unrelated donor. 

Table 3B. Multiple regression analysis on risk of GRFS * (Pediatric patients).
Factors N RR of P Overall RR of P Overall 

events P events P
(95% CI) (95% CI)

Conditioning MA 418 1.0 Reference 1.0 Reference
RIC 17 2.8 (1.6-4.9) <0.01 2.5 (1.4-4.4) <0.01

Age by decade 1.4 (1.0-1.9) 0.05 1.4 (1.1-1.9) 0.02
Donor/Graft Type BM-MSD 124 1.0 Reference 0.17 1.0 Reference 0.15

PBSC-MSD 12 0.7 (0.2-1.9) 0.42 0.9 (0.4-2.3) 0.90
Other related donor 22 1.0 (0.5-2.1) 0.97 1.1 (0.6-2.2) 0.73
BM- Matched URD 34 1.6 (1.0-2.8) 0.07 1.6 (0.9-2.7) 0.09
PBSC- Matched URD 23 1.6 (0.9-3.0) 0.14 1.5 (0.8-2.8) 0.15
BM- Mismatched URD 18 1.7 (0.8-3.4) 0.14 2.1 (1.2-3.9) 0.02**
PBSC- Mismatched URD 12 1.2 (0.5-2.8) 0.74 1.2 (0.5-2.8) 0.61

UCB 190 1.5 (1.1-2.3) 0.03** 1.7 (1.1-2.4) 0.01

*Model stratified by center since there appears to be a violation of the proportional hazards assumption. No other factors violated assumption. BM: bone marrow; CI: confidence
interval; MA: myeloablative; RIC: reduced intensity conditioning; MSD: matched sibling donor; PBSC: peripheral blood stem cells; RR: relative risk; UCB: umbilical cord blood; URD:
unrelated donor. 



least frequent event contributing to GRFS; acute GVHD
(23% and 25%) and death (24% and 19%) accounted for
the rest. Disease relapse accounted for a vast majority of
deaths in recipients of BM (69%) or PBSC (50%) from
MSD (Online Supplementary Figure S3B). Cumulative inci-
dences of grade III-IV acute GVHD, chronic GVHD,
relapse and death at 1-year are shown in Table 4B.

Discussion

In this study, we show that the use of BM from a MSD
resulted in the best GRFS at 1-year (57%) and 2-years
(49%) compared with other donor types and graft sources
in adults. In multivariate analysis, BM from matched URD
or even mismatched URD led to similar GRFS as BM from
MSD, suggesting that BM may be the optimal graft source
from adult HLA-matched related or unrelated donors in
terms of GRFS. The use of UCB and PBSC from any donor
were associated with 1.5-2 times higher risk of GRFS
events than BM from MSD.
These findings are of interest, especially in view of the

reported results of the randomized controlled trial in adult
patients receiving PBSC or BM from matched URD, con-
ducted by the Blood and Marrow Transplant Clinical

Trials Network (BMT CTN 0201).7 That trial showed sig-
nificantly higher incidence of chronic GVHD at 2-years in
recipients of PBSC (53% versus 41%) and a higher inci-
dence of graft failure in BM recipients (9% versus 3%),
without any differences in acute GVHD, disease-free sur-
vival, or overall survival with BM versus PBSC.7 Despite
the outcomes of BMT CTN 0201, PBSC continues to be
the most frequently utilized graft source - representing
about 65% of all grafts used for allogeneic HCT in recent
years.8 In our study, both acute and chronic GVHD con-
tributed to higher GRFS events in recipients of PBSC (49%
and 22%) compared with BM (33% and 14%) from
matched URD. Moreover, deaths due to GVHD were
higher in PBSC (53%) than in BM (31%) recipients. Graft
failures did not contribute to any deaths in recipients of
either BM or PBSC from matched URD. Similar findings
were noted in the MSD group where the proportion of
acute or chronic GVHD events and deaths associated with
them were higher in PBSC recipients compared with BM
recipients. In addition to donor/graft source, other factors
that had a favorable impact on GRFS included RIC regi-
men with ATG and standard risk disease in adults.
Although these factors and the availability of a donor can-
not be modified, GRFS could be favorably influenced by
the preferential use of BM grafts rather than PBSC.
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Table 4A. Cumulative incidence/Kaplan-Meier estimate of each type of event (age ≥21 years).
By 1-year

Grade III-IV Chronic Relapse Mortality
Acute GVHD GVHD Total 

Factor Strata Total Event Estimate Event Estimate Event Estimate Event Estimate number of 
N N N N N events

Donor/graft type BM-MSD 123 11 9% 20 16% 13 11% 30 24% 74
PBSC-MSD 540 86 16% 168 31% 141 26% 183 34% 578

Other related donor 33 4 12% 10 30% 7 21% 16 48% 37
BM- Matched URD 104 22 21% 15 15% 20 19% 42 41% 99
PBSC- Matched URD 120 38 32% 27 23% 19 16% 45 38% 129
BM- Mismatched URD 30 5 17% 6 20% 5 17% 13 43% 29
PBSC- Mismatched URD 104 32 31% 14 13% 20 19% 42 40% 108

UCB 412 81 20% 80 19% 98 24% 183 44% 442
BM: bone marrow; MSD: matched sibling donor; PBSC: peripheral blood stem cells; UCB: umbilical cord blood; URD: unrelated donor.

Table 4B. Cumulative incidence/Kaplan-Meier estimate of each type of event (age ≥21 years).
By 1-year

Grade III-IV Chronic Relapse Mortality
Acute GVHD GVHD Total

Factor Strata Total Event Estimate Event Estimate Event Estimate Event Estimate number
N N N N N of events

Donor/graft type BM-MSD 124 10 9% 7 6% 31 25% 26 21% 74
PBSC-MSD 12 0 0% 1 8% 2 17% 2 17% 5

Other related donor 22 1 5% 1 5% 3 14% 6 27% 11
BM- Matched URD 34 9 26% 8 24% 3 9% 13 38% 33
PBSC- Matched URD 23 3 13% 7 31% 5 22% 5 22% 20
BM- Mismatched URD 18 5 28% 0 0% 5 28% 7 39% 17
PBSC- Mismatched URD 12 1 8% 1 8% 2 17% 4 33% 8

UCB 190 19 10% 12 6% 37 19% 70 37% 138
BM: bone marrow; MSD: matched sibling donor; PBSC: peripheral blood stem cells; UCB: umbilical cord blood; URD: unrelated donor.



However, despite these data, transplant centers and
donors may continue the preferential use of PBSC for
many reasons.9-11 Novel GVHD prophylaxis regimens are
therefore currently undergoing evaluation for their impact
on GRFS after PSBC transplantation.12
On the other hand, in the pediatric population, existing

data distinctly show that the use of PBSC from MSD is
associated with a higher risk of chronic GVHD, treatment
related mortality, treatment failure and mortality com-
pared with BM grafts.13 Given these data, only 12 patients
in our study received PBSC from MSD compared with 124
BM grafts from MSD. Consequently, within the limita-
tions of the sample size, GRFS did not differ between dif-
ferent donor or graft sources in pediatric patients,
although UCB was associated with inferior GRFS. The
only factor that favorably affected GRFS was the use of
myeloablative conditioning compared with the RIC regi-
men. However, patients who received RIC regimens had
comorbidities or contraindications to receive myeloabla-
tive regimens, such as prior use of high dose radiation
therapy, recent autologous HCT, suspected or proven fun-
gal pneumonia, prior CNS malignancy or veno-occlusive
disease. Two patients received sequential intensive
chemotherapy and RIC HCT for high risk AML. 
It is important to recognize that GRFS is computed by a

time-to-event analysis, which disregards all incidents hap-
pening after the onset of the first GRFS-defining event.
Therefore, patients who develop GRFS-defining GVHD or
relapse but completely recover with treatment may be
morbidity-free at 1-year and are yet included among the
GRFS events. To account for this shortcoming of GRFS
analysis, real-time periodic assessments and analysis with
specific survival models are needed. Another proposed
composite outcome for GVHD treatment trials is failure-
free survival,14-16 where the outcomes are measured from
the time of onset of acute or chronic GVHD, which

include the absence of second-line systemic therapy for
GVHD, non-relapse mortality and recurrent malignancy
during initial treatment of GVHD. Yet, it does not consider
events happening prior to the onset of GVHD. Also, as
mentioned above, BM and UCB constituted the majority
of the graft sources in the pediatric population, because of
which caution is warranted when comparing other
donor/graft sources. In this study, we were unable to
include hematopoietic cell transplantation comorbidity
index (HCT-CI)17 or the revised disease risk index18 for risk
stratification of all patients. Our study also does not
address the importance of GRFS in “alternative donor” set-
tings such as haploidentical HCT compared with UCB and
mismatched HCT, which should be assessed in future
studies. 
It is critical to consider GRFS when deciding about a

donor/graft source, in addition to independent outcomes
of GVHD, disease-free survival and overall survival,
because GRFS potentially represents a surrogate endpoint
for quality-of-life. In our study, although 64% of all
patients were alive and 56% were disease-free at 1-year,
only 38% were free of any GRFS defining event at that
time. Analysis of GRFS outcomes in the BMT CTN 0201
trial or in larger datasets, such as those available through
the Center for International Blood and Marrow Transplant
Research, will shed even more light on this crucial ques-
tion. These data reignite the question of the optimal
donor/graft source in adults, challenge the current practice
standards, and emphasize the need for continued studies
to address the key events leading to morbidity and mortal-
ity in HCT recipients given that a minority of patients still
survive 1 year without a GRFS event.
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Figure 3. Adjusted GRFS, DFS, OS, grade III-IV acute GVHD, chronic GVHD and relapse among pediatric patients with BM graft from matched sib-
ling donor compared with UCB graft. 

Outcomes after BM-MSD versus UCB HCT in pediatric patients
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