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Summary
For adults with high-risk or recurrent acute lymphoblastic leukemia (ALL) who lack a suitable sibling
donor, the decision between autologous (Auto) and unrelated donor (URD) hematopoietic stem cell
transplantation (HSCT) is difficult due to variable risks of relapse and treatment-related mortality
(TRM). We analyzed data from two transplant registries to determine outcomes between Auto and
URD HSCT for 260 adult ALL patients in first (CR1) or second (CR2) complete remission. All
patients received a myeloablative conditioning regimen. The median follow-up was 77 (range
12-170) months. TRM at 1 year post-transplant was significantly higher with URD HSCT; however,
there were minimal differences in TRM according to disease status. Relapse was higher with Auto
HSCT and was increased in patients transplanted in CR2. Five year leukemia-free (37% vs. 39%)
and overall (38% vs. 39%) survival rates were similar for Auto HSCT vs. URD HSCT in CR1. There
were trends favoring URD HSCT in CR2. The long follow-up in this analysis demonstrated that
either Auto or URD HSCT can result in long-term leukemia free and overall survival for adult ALL
patients. The optimal time (CR1 vs. CR2) and technique to perform HSCT remains an important
clinical question for adult ALL patients.
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INTRODUCTION
The overall prognosis for adults with acute lymphoblastic leukemia (ALL) with either high-
risk features at diagnosis or with disease that recurs after an initial remission is grave.1-3 There
have been several reports suggesting that adults with high-risk ALL in first complete remission
or recurrent ALL are best treated with allogeneic hematopoietic stem cell transplantation
(HSCT) using bone marrow or blood stem cells from a histocompatible (i.e. HLA-matched)
sibling donor.4-9 For adult ALL patients with high-risk features in first complete remission,
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HLA-matched sibling allogeneic HSCT can yield extended disease-free and overall survival.
4,7,9 Similarly, for adult patients with recurrent ALL, there have been single institution reports
also suggesting that allogeneic HSCT can improve long-term survival as compared to
conventional therapy.10-13

Unfortunately only a minority of adult ALL patients have a suitable, HLA-matched sibling
donor. For those patients lacking a HLA-matched sibling donor, HSCT with autologous
hematopoietic stem cells14, an unrelated donor (URD) marrow15, or cord blood16 are potential
options. Several factors and scenarios arise in the choice between these potential stem cell
sources, primarily the relative risks and benefits associated with each procedure.17-19
Autologous HSCT is associated with relatively low treatment-related mortality (TRM)18, but
a significantly higher risk of relapse.19 In contrast, allogeneic HSCT from an URD may be
delayed until a suitable donor is identified20 and is associated with a significantly higher rate
of TRM from complications such as graft failure, graft-versus-host disease (GVHD) and
prolonged immunodeficiency.21 However, allogeneic HSCT from URD has been observed to
have a significantly lower rate of relapse18 that is attributed to an anti-leukemic effect mediated
by T-cells within the allograft. The second factor is the timing of each procedure, as the clinical
decision is whether transplantation should be recommended to the high-risk or even standard
risk adult ALL patient while in first complete remission (CR) or be reserved until relapse.
Although data suggest that survival may be improved with allogeneic HSCT in first CR, a
proportion of patients may be cured with conventional therapy alone, and therefore the use of
either allogeneic or autologous HSCT is controversial.22

The use of URD HSCT and autologous HSCT for the treatment of ALL in adults has not been
compared in any prospective randomized study. There also are limited long-term data on the
efficacy of these two procedures. We had previously performed an analysis to determine
toxicities and outcome of patients with ALL who underwent either URD HSCT or autologous
HSCT and were reported to the National Marrow Donor Program and the Autologous Blood
and Marrow Transplant Registry.23 However, the data set of the prior analysis contained both
adult and pediatric patients. We performed this analysis, with extended followup, to
specifically examine the longterm outcome of adults with ALL in first or second CR, to
compare autologous HSCT and allogeneic HSCT from URD using data from these two
international bone marrow transplantation registries. The aims of this retrospective analysis
were to determine the engraftment, TRM, relapse, and, most importantly, survival using these
two treatment options for adult ALL patients. These data provide the long-term follow-up on
the treatment of adult ALL with either unrelated donor or autologous bone marrow
transplantation.

PATIENTS AND METHODS
Two patient data sets were used for this analysis; the first included URD transplants facilitated
through the National Marrow Donor Program (NMDP) and the second, autologous HSCT,
with data reported to the Center for International Blood and Marrow Transplant Research
(CIBMTR). Analyses were restricted to adults over age 18 years who received transplantation
in either first CR (CR1) or second CR (CR2) prior to December 31, 1998. All patients received
a myeloablative conditioning regimen. The individual data sets were compiled and verified
through the multi-center data collection and audit processes of the NMDP and CIBMTR,
respectively.

Patients were categorized by karyotype as high-risk, normal, or other. A high-risk karyotype
was defined as possessing t(4;11) or 11q32, t(9;22), t(8;14), t(1;19) or hypodiploidy. Patients
were considered evaluable for engraftment if they survived at least 21 days. Engraftment was
defined as the time to recovery of greater than 500 neutrophils per μL for three consecutive
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measurements. Treatment-related mortality is defined as death in continuous complete
remission. For analyses of leukemia-free survival (LFS), failures were clinical or hematologic
relapses or deaths from any cause; patients alive and in CR were censored at the time of last
follow-up. For analyses of overall survival (OS), failure was death from any cause; surviving
patients were censored at the date of last contact. Relapse was defined as clinical or hematologic
recurrence.

Patient-, disease-, and transplant-related variables for the patient cohorts were described and
compared across stem cell source groups (autologous vs. URD) using the chi-square statistic
for categorical variables and the Kruskal-Wallis test for continuous variables. Probabilities of
TRM and relapse were calculated using cumulative incidence curves to accommodate
competing risks. Univariate probabilities of LFS and OS were calculated using the Kaplan-
Meier estimator. Estimates of standard error for the survival function were calculated by
Greenwood’s formula and 95% confidence intervals (CI) were constructed using log-
transformed intervals. Multivariate models were built using a stepwise forward selection
technique, using a p-value of 0.05 or less as the criterion for inclusion in the final model. The
primary objective was to compare outcomes according to stem cell source; this variable was
included in all models. All possible risk factors were checked for proportional hazards using
a time-dependent covariate approach. Factors found to have non-proportional hazards were
adjusted for in subsequent analyses using time-dependent effects. Since stem cell source had
highly non-proportional hazards for LFS and OS, point-wise adjusted LFS probabilities and
OS probabilities at five years were estimated and compared between URD and autologous
transplants, after controlling for other significant variables. There were no significant
interactions between stem cell source and any other variables. However, because of the modest
sample size and lack of power to detect such interactions, univariate subgroup analyses were
performed comparing Kaplan-Meier estimates of LFS and OS at five years between URD and
autologous transplants separately by disease status (CR1 vs. CR2). All p values are two-sided.
Analyses were completed with the use of PROC PHREG in SAS software, version 9.1 (SAS
Institute).

RESULTS
Patient Characteristics

The comparison included 260 adults ALL patients (Table 1) who underwent either autologous
HSCT (N = 101) or URD HSCT (N = 159). The two groups were relatively well matched by
sex and age. More patients who received autologous HSCT were in CR1 than patients who
received URD HSCT (63% vs. 48%; p = 0.014), and accordingly their median time from
diagnosis to transplant was shorter than for URD transplant recipients (6.2 months vs. 7.5
months; p = 0.048). Fewer autologous HSCT used total body irradiation in the conditioning
regimen (51% versus 91%; p < 0.0001). Forty-five percent of patients undergoing autologous
HSCT received purged autografts; 31% of patients receiving URD HSCT received T-cell
depleted allografts. Fifteen percent of patients receiving URD HSCT had a mismatch at either
a class I or class II allele with their respective donor. When analyzed for the time when
transplants were performed, 75% of autologous HSCT occurred between 1989 and 1995 versus
42% of URD transplants (p < 0.0001). The median follow-up in surviving patients was 77
months (range: 12 – 170 months).

Engraftment
By day +30 post-transplant, neutrophil recovery was significantly more likely after URD HSCT
than autologous HSCT (p < 0.0001). By day +100 nearly all patients had neutrophil counts in
excess of 500/μL, and the differences were no longer significant.

Bishop et al. Page 3

Bone Marrow Transplant. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Treatment-Related Mortality
The incidence of TRM was higher after URD HSCT at all measured time points, as compared
to autologous HSCT (Figure 1). Early (day +100) TRM was 28% vs. 5% (p < 0.001) for
recipients of URD HSCT and autologous HSCT, respectively (Table 2). TRM rates were 43%
vs. 8% (p < 0.0001) and 45% vs. 9% (p < 0.0001), at 1 year and 2 years post-transplant,
respectively. However, the incidence of TRM at one year was not significantly different
whether patients were transplanted in CR1 as compared to CR2 (URD: 45% vs. 41%;
autologous: 5% vs. 6%). The majority of treatment-related deaths occurred prior to six months
post-transplant, and the risk of treatment-related deaths was less than 5% beyond two years
post-transplant for both autologous and URD HSCT. As predicted, multivariate analysis
showed a significantly higher relative risk (RR) of treatment-related mortality after URD HSCT
as compared to autologous HSCT (RR = 4.49, 95% Confidence Interval [CI]: 2.43, 8.29; p <
0.001). The RR for TRM for URD HSCT was increased for recipients over the age of 30 years
(RR = 2.57; CI: 1.66, 3.97; p < 0.001) and lower for recipients who were sero-positive for
cytomegalovirus (RR = 0.61; CI: 0.39, 0.96; p = 0.033).

Relapse
The incidence of leukemia recurrence was significantly less after URD HSCT than after
autologous HSCT (Figure 2). The incidence of relapse changes very little beyond three and up
to 7 years post-transplant both for recipients of URD and autologous HSCT (Table 2). At three
years post-transplant the incidence of relapse for recipients of URD HSCT was 20% as
compared to 58% for recipients of autologous (p < 0.0001). For patients receiving transplants
while in CR1, the incidence of relapse at three years post-transplant was lower for URD
recipients as compared to autologous recipients (15% vs. 45%; p < 0.0001). For patients
receiving transplants while in CR2, the incidence of relapse at three years post-transplant was
also lower for URD recipients as compared to autologous recipients (25% vs. 81%; p < 0.0001).
The multivariate adjusted RR of relapse after URD HSCT was 0.32 (CI: 0.2, 0.5; p < 0.001)
In addition, the Cox model identified transplantation in CR1 within six months from diagnosis
(RR = 1.89; CI: 1.0, 3.57; p = 0.049) and transplantation in CR2 (RR = 1.73; CI; 1.10, 2.94; p
= 0.044) as variables significantly associated with increased risk of relapse for both URD and
autologous HSCT.

Survival
Leukemia-free survival at five years following transplantation for patients who received an
URD HSCT was 33% as compared to 29% (p = 0.5) after autologous HSCT (Figure 3A). At
five years following transplantation, LFS for patients transplanted in CR1 was 37% with an
URD vs. 39% with an autograft (p = 0.8). For patients who underwent transplantation in CR2,
the LFS at 5 years with an URD was 29% as compared to 14% with an autograft (p = 0.04).
However, after adjusting for age (≤ 30 years vs. > 30 years), no significant differences in 5
year LFS (p = 0.118) were noted for patients who underwent either URD or autologous HSCT
in CR2.

Overall survival at five years following transplantation (Figure 3B) for patients transplanted
with URD HSCT was not statistically different from recipients of autologous HSCT (34% vs.
29%; p = 0.46). Similarly at five years following transplantation (Figure 3B), OS for patients
transplanted in CR1 was 38% with an URD as compared to 39% with an autograft (p = 0.91).
When OS was compared in analyses adjusted for disease status, and timing of transplant in
CR1 (Figure 4), OS at 5 years was 34.5% with URD HSCT versus 29% with autologous HSCT
(p = 0.38). For patients who underwent transplantation in CR2, the OS with an URD was
superior at 30% as compared to 14% with an autograft (p = 0.03). However, similar to analysis
of LFS, adjusted analyses showed only a marginal difference in 5 year OS (p = 0.069) for
patients who underwent either URD or autologous HSCT in CR2.

Bishop et al. Page 4

Bone Marrow Transplant. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
The clinical question of when and whether to include HSCT in the management of adult ALL
remains problematic, and the difficulty is increased when the patient does not have a suitable
HLA-matched sibling donor. In this situation the question is further complicated by choice and
availability of donor cells, extreme variations in toxicities relative to the specific type of and
timing of transplantation.24 The final and most important question is do either of these
treatments potentially result in superior long-term survival free of leukemic recurrence. This
analysis directly addresses these questions, and in particular provides important information
on long-term leukemia-free and overall survival. The analyses are limited by the problems
inherent to all registry analyses, primarily the change in care over time, in including improved
supportive care measures and HLA-typing. However, when the results are examined focusing
on treatment-related mortality and relapse, they are similar to those of recent reports with much
shorter follow-up.8,25,26 The significant advantage of this data set is that it provides long-
term follow-up, out to seven years, for both autologous and URD HSCT, and may aid both
physicians and patients in their clinical decision-making.

The analyses demonstrate that for patients in first CR who lack a suitable HLA-matched sibling
or unrelated donor, the option of autologous HSCT can result in prolonged and sustained
leukemia-free and overall survival. These results were similar to those adult ALL patients in
CR1 who underwent transplant with a well matched unrelated donor. The results of this analysis
resemble those from a prior registry analysis on patients with acute myelogenous leukemia in
early remission undergoing either autologous or URD HSCT.27

For patients in second CR, there is a suggestion that HSCT from unrelated donor is preferable
over an autologous HSCT. However, the assumption that the patient will have a choice of either
an unrelated donor or autologous HSCT in CR2 may be only speculative.11,28 Autografts are
limited by the requirement for stable CR and suitable graft collection. A well-matched URD
is available for a large fraction of patients29, but less so for ethnic and racial minorities.
Additionally, the risks of recurrence may limit URD HSCT unless the donor can be procured
quickly, before subsequent relapse may occur. However, if a patient achieves a second CR and
an unrelated donor can be identified rapidly, URD HSCT results in long-term leukemia-free
survival for nearly a third of patients.

A major question that remains is whether to perform either autologous or URD HSCT in CR1
or wait until CR2 to perform an URD HSCT. Major determining factors in this decision are
the risk features of the leukemia versus the expected treatment-related mortality. In contrast to
previous reports, we observed similar incidence of TRM regardless of whether patients were
transplanted in CR1 or CR2. It has been presumed that the incidence of TRM is increased in
CR2 due to advanced disease, increased exposure to cytotoxic agents, and older age. Our
observation may be of help when weighing the risk of HSCT in CR1 or CR2, especially for
patients considering URD HSCT utilizing a myeloablative conditioning regimen.

These data represent extended, long-term follow-up on adult ALL patients receiving either
autologous or URD HSCT. It is remarkable that LFS and OS were nearly identical for these
two treatments for patient in CR1, despite major differences in both relapse and treatment-
related mortality. The data suggest that that the use of an autologous HSCT is still a reasonable
option if a patient does not have an HLA-matched sibling. The data also provide the impetus
to re-address the issue of autologous HSCT as part of the treatment of ALL in CR1. If TRM
were reduced without significantly compromising the anti-leukemic effect associated with
URD HSCT, it could be considered as a preferred treatment in both CR1 and CR2. Despite
better HLA matching and improved donor selection30, nearly half of adult patients undergoing
URD transplantation for ALL die of transplant-associated complications and only one-third of
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those transplanted in CR1 and one-quarter of those in CR2 survive disease-free.31 The use of
high resolution HLA typing and matching at more than 6 HLA loci, specifically including
HLA-C, has been demonstrated to improve outcome after URD HSCT32; however, these
requirements also decrease the pool of acceptable unrelated donors. If an 8 of 8 HLA-matched
unrelated donor is readily available, this may be considered the preferable stem cell source
over autologous stem cells. In addition, there is increasing data that the use non-myeloablative
and reduced-intensity conditioning regimens may decrease early mortality associated with
URD HSCT.33,34 However, there are minimal data on the efficacy of reduced-intensity URD
HSCT in adult ALL.35-37 In contrast, the probability of decreasing the relatively high rates
of relapse after autografting is less optimistic.38 Additional study will be needed to determine
which patients having a defined mix of risk features will be best served by one or the other of
these two transplant choices. However, both autologous and URD HSCT offer adult ALL
patients options which can result in long-term leukemia-free survival.
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Figure 1.
Cumulative Incidence of Treatment-related Mortality (TRM)
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Figure 2.
Cumulative Incidence of Relapse
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Figure 3.
Kaplan-Meier Curves of Leukemia-free and Overall Survival A. Leukemia-free Survival (LFS)
B. Overall Survival (OS)
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Figure 4.
Probability of Overall Survivor (OS) by Donor and Remission Status
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Table 1
Patient Characteristics

Autologous HSCT URD HSCT p-Value

Number 101 159 -----
Age 28.0 years (18 -51) 27.4 years (18 – 51) 0.58
Sex (Male%/Female %) 67/33 62/38 0.352
Disease Status at HSCT: CR1 = 64 (63%) CR1 = 76 (48%) 0.014

CR2 = 37 (37%) CR2 = 83 (52%)
Time from Dx to HSCT (1CR): 6.2 months (2 - 40) 7.5 months (4 – 30) 0.048
Duration of 1CR (2CR): 31 months (6-111) 19 months (6-115) 0.33
Disease Lineage:
  B-cell 53 (52%) 66 (42%) 0.032
  T-cell 21 (21%) 25 (16%)
  Unclassified 27 (27%) 68 (43%)
WBC >= 50,000/uL at Dx: 24 (14%) 34 (21%) 0.036
  < 50,000/uL 69 (68%) 83 (52%)
  Missing 18 (18%) 42 (26%)
Karyotype:
  High-risk 17 (17%) 44 (28%) 0.066
  Normal 24 (24%) 21 (13%)
  Other 16 (16%) 23 (14%)
  Unknown 44 (44%) 71 (45%)
Recipient CMV Seropositive: 45 (45%) 59 (37%) 0.232
Conditioning:
  TBI + Cy +/- other 52 (51%) 144 (91%) <0.0001
  Bu + Cy +/- other 40 (40%) 15 (9%)
  Other or unspecified 9 (9%) ------
HLA-matching (A, B, DRB1)
  Class I and II match ------ 136 (86%)
  Class I mismatch ------ 2 (1%)
  Class II mismatch ------ 18 (11%)
  Class I and II mismatch ------ 1 (1%)
  Missing ------ 2 (1%)
Graft Manipulation:
  T-cell depletion ------ 31 (19%)
  Purged ex-vivo 45 (45%) ------
Date of HSCT:
  1989 – 1995 76 (75%) 42 (42%) <0.0001
  1996 – 1998 25 (25%) 93 (58%)
Median follow-up (months) 74 (12-141) 84 (36-170)

Legend: HSCT = hematopoietic stem cell transplant; URD = unrelated donor; CR1 = first complete remission; CR2 = second complete remission; WBC
= white blood cell count; Dx = diagnosis; CMV = cytomegalovirus. TBI = total body irradiation; Cy = cyclophosphamide; Bu = busulfan; HLA = human
leukocyte antigen.
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