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Abstract
We compared the outcomes of acute myeloid leukemia (AML) patients aged 60–70 years
receiving reduced-intensity allogeneic hematopoietic cell transplantation (HCT) in first remission
(CR1) reported to the Center for International Blood and Marrow Research (CIBMTR) (N=94)
with outcomes in patients treated with induction and post-remission chemotherapy on Cancer and
Leukemia Group B (CALGB) protocols (N=96). All patients included had remained in CR1 for at
least 4 months. HCT recipients were slightly younger than chemotherapy patients (median ages:
63 v 65 years; P<0.001), with no significant differences in the proportion with therapy-related
leukemia or in different cytogenetic risk groups. Time from diagnosis to CR1 was longer for HCT
recipients (median: 44 v 38 days; P=0.031). Allogeneic HCT was associated with significantly
lower risk of relapse (32% v 81% at 3 years; P<0.001), higher non-relapse mortality (36% v 4% at
3 years; P<0.001), and longer leukemia-free survival (32% v 15% at 3 years; P=0.001). Although
overall survival was longer for HCT recipients, this was not statistically significant (37% v 25% at
3 years; P=0.08). RIC allogeneic HCT in CR1 AML patients aged 60–70 years reduces relapse
and improves leukemia-free survival. Strategies that reduce non-relapse mortality may yield
significant improvements in overall survival.
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INTRODUCTION
The outcome of acute myeloid leukemia (AML) patients aged 60 years or older treated with
conventional cytotoxic chemotherapy remains poor, with few long-term survivors,
irrespective of the induction chemotherapy or post-remission treatment intensity or duration
(1–5). Immunological therapy in the form of allogeneic hematopoietic cell transplantation
(HCT) performed in first complete remission (CR1) may offer a potential advantage in terms
of leukemia-free survival (LFS) and overall survival (OS) in patients with adverse
prognostic features (6–9), and those of intermediate-risk (10), due at least in part, to a graft-
versus-leukemia (GvL) effect. Although the non-relapse mortality following allogeneic HCT
using myeloablative regimens is approximately 20%, reported studies have rarely included
patients older than 60 years. For older AML patients in CR1, the toxicity associated with
myeloablative conditioning generally precludes its use with allogeneic HCT. Reduced-
intensity conditioning (RIC) regimens with allogeneic HCT, however, have been better
tolerated in older patients with acceptable non-relapse mortality (11–13). Compared to
myeloablative regimens, allogeneic HCT following RIC regimens is associated with a
reduction in non-relapse mortality (14). A recent Center for International Blood and Marrow
Research (CIBMTR) study of RIC regimens in more than 500 patients with AML in CR1
showed similar outcomes in those from age 40 up to age >70 years (15). Other reported
results using this approach are also encouraging (12–14, 16, 17), and suggest that RIC
allogeneic HCT in older AML patients may improve their long-term outcome.

It is possible, however, that older AML patients undergoing RIC allogeneic HCT may be
highly selected for better performance status and expected tolerance of the transplant-
associated toxicity as suggested by a prospective feasibility analysis (18). Therefore, it
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remains uncertain if broad application of HCT in the older, high-risk population will
substantially improve outcome. No prospective studies comparing RIC allogeneic HCT with
conventional chemotherapy in CR1 are reported. We present a comparison of RIC
allogeneic HCT in AML patients aged 60 to 70 years reported to the CIBMTR with
contemporaneous AML patients treated with chemotherapy alone on Cancer and Leukemia
Group B (CALGB) protocols.

MATERIALS AND METHODS
Inclusion Criteria

The study population included 94 AML patients who received RIC allogeneic HCT and
were reported to the CIBMTR between January 1999 and December 2005, and 96 AML
patients who were treated with multidrug induction and post-remission chemotherapy after
enrollment on CALGB protocols 9720 (19) and 10201(20) between January 1998 and
October 2006. Patients were eligible for inclusion if they were aged 60–70 years, had de
novo or treatment-associated AML, or AML evolving from a prior myelodysplastic or
myeloproliferative disorder and had achieved CR1, and had not received an allogeneic HCT
at any point in their subsequent disease course. Patients with AML-M3 were excluded. In
addition, for CIBMTR cases, patients were included only if they had a RIC preparative
regimen prior to related or unrelated peripheral blood or bone marrow stem cell
transplantation in CR1. Patients receiving umbilical cord blood grafts were excluded. To
minimize time to transplant selection bias, the analysis was limited to chemotherapy and
transplanted patients who remained in CR1 for at least 4 months. The preparative regimen
was considered RIC if it included combinations of the following: total body irradiation
(TBI) <500 cGy in a single dose or <800 cGy if fractionated; and/or non-myeloablative
doses of chemotherapy (total dose of Busulfan ≤ 9 mg/kg or Melphalan ≤ 150 mg/m2). For
non-transplanted (CALGB) cases, patients received induction chemotherapy with
daunorubicin and cytarabine (± etoposide) and post-remission chemotherapy according to
protocol as previously reported (19). Cytogenetic analyses for CALGB cases were centrally
reviewed, while those of CIBMTR cases were as reported by the treating institutions. Cases
were classified according to cytogenetic risk categories recently proposed by a consensus
panel (21), although no consideration was given to molecular leukemia phenotyping as this
was unavailable for the majority of patients.

Definitions of Clinical Endpoints
For this study, CR1 was defined as achievement of a bone marrow with <5% blasts after one
or more cycles of induction chemotherapy. For transplanted (CIBMTR) cases, marrow
cellularity and recovery of blood counts were not considered in the definition of CR1, while
for chemotherapy treated (CALGB) cases, recovery of blood counts were required for CR,
as previously defined (21). Also, for CALGB patients, those who failed to achieve CR after
2 cycles of induction treatment were considered primary refractory regardless of whether or
not they achieved CR with later salvage chemotherapy and were excluded from this
analysis. Patients who underwent transplantation (CIBMTR) were included if they were in
first CR regardless of the number of lines of treatment used to achieve remission, as the
number of induction courses required to achieve CR1 was not consistently captured in this
group. Relapse was defined by >5% blasts in a bone marrow aspirate or the development of
extramedullary leukemia in patients with previously documented CR. For both
chemotherapy and allogeneic HCT patients, survival times were measured from the date of
CR1 until either relapse or death (LFS), or death censoring for patients alive at last follow-
up (OS). After allogeneic HCT, engraftment was defined as an absolute neutrophil count
(ANC) ≥ 500/µl for 3 consecutive days. Grades II-IV acute graft versus host disease (GvHD)
was determined in all transplanted patients (22), and chronic GvHD in the subpopulation
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who survived 90 days or longer (23). For all cases, non-relapse mortality was defined as
death during continuous CR1.

Statistical Analysis
Characteristics of transplant and chemotherapy groups were compared using Fisher’s exact
test for categorical variables and the Wilcoxon two-sample test for continuous variables. The
outcome data in this study are left truncated. At each time point, the risk set in the
chemotherapy cohort consisted of all patients still under study, while the risk set in the
transplant cohort consisted of those whose time to transplant was less than the time point
and were still on study. Univariable probabilities of OS and LFS were calculated using a
left-truncated version of the Kaplan-Meier estimator (24) with 95% confidence intervals
(CI). Relapse and non-relapse mortality were calculated using left-truncated version of
cumulative incidence curves to accommodate competing risks. Left-truncated Cox
proportional hazards regression models were used to evaluate the relative risk of patients
receiving chemotherapy versus those receiving HCT. The proportionality assumption was
tested by adding a time-dependent covariate. The proportionality assumption held up for all
outcome end-points. All statistical analyses were performed using SAS version 9.2 (SAS
Institute Inc, Cary, NC).

RESULTS
Patients

The demographic characteristics of transplanted patients (n=94) and non-transplanted
patients (n=96) are shown in Table 1. Transplanted patients were slightly, but significantly,
younger than patients who were treated only with chemotherapy (median ages 63 v 65 years;
P<0.001). Seventy-four percent of transplanted patients were between 60–65 years of age
compared with 58% of non-transplanted patients (P=0.022). There was no significant
difference in sex distribution, proportion of therapy-related leukemia, white blood cell count
at diagnosis, FAB subtype, or the proportions of patients with favorable, normal,
intermediate-II or adverse-risk karyotypes, between the transplanted and non-transplanted
patients. Time from diagnosis to achievement of CR1 was longer for transplanted patients
compared with chemotherapy-treated patients (median 38 days v 44 days; P=0.031). The
median follow-up from the date of CR1 was 44 months for transplanted patients, compared
with 51 months for chemotherapy-treated patients.

For chemotherapy patients, 69% received consolidation therapy on protocol at a median of
55 (range, 1–98) days from achieving CR1. Of those receiving consolidation therapy, the
performance status was ECOG 1 in 78%, ECOG 2 in 20%, and ECOG 3 in 2%. The
proportion of patients in the transplant group who received consolidation treatment before
allogeneic HCT is unknown as the details for post remission therapy was not consistently
captured for this group.

For transplanted patients, donors were HLA-identical siblings in 47%, well-matched (at least
HLA-A, -B, and -DRB1 by molecular typing) unrelated donors in 30% of cases, and
partially matched or unknown in the remainder (Table 1). In 93% of transplants, the stem
cell source was peripheral blood. Preparative regimens generally combined fludarabine with
melphalan (n=23), busulfan (n=24), low-dose TBI 200 cGy (n=25), or cyclophosphamide
(n=12). GvHD prophylaxis included cyclosporine or tacrolimus in combinations with
methotrexate in 31 patients, and cyclosporine or tacrolimus in 60 patients.
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Non-relapse mortality
The cumulative incidence of death in CR1 from causes other than relapsed AML was
significantly lower in chemotherapy-treated patients (P<0.001; Figure 1). At 3 years, the
cumulative incidence of non-relapse mortality was 4% (95% CI: 1%–9%) for chemotherapy-
treated patients compared with 36% (95% CI: 26%–46%) for those who received HCT. The
specific causes of non-relapse deaths for chemotherapy-treated patients were not available.
However, the most common causes of non-relapse deaths in transplanted patients included
infection (n=14; including 8 with acute or chronic GvHD); GvHD (n=7), pneumonitis/adult
respiratory distress syndrome (ARDS) (n=5), hemorrhage or other regimen-related toxicity
(n=15).

Cumulative Incidence of Relapse
As shown in Figure 2, the risk of relapse was significantly higher among patients treated
with chemotherapy (P<0.001). The cumulative incidence of relapse (CIR) at 3 years for
chemotherapy-treated patients was 81% (95% CI: 71%–87%) compared with 32% (95% CI:
22%–42%) for patients receiving HCT. While few patients had favorable karyotypic
abnormalities, allogeneic HCT appeared to be associated with lower CIR across all
cytogenetic subgroups (P<0.001 for overall test; Table 2). The relative risk (RR) of relapse
following chemotherapy was significantly worse than that following HCT (RR 3.47 [95%
CI: 2.26–5.34]; P<0.0001).

Leukemia-free Survival
Figure 3 shows a significantly shorter LFS for chemotherapy-treated patients compared to
those receiving allogeneic HCT (P=0.001). The median LFS for HCT patients was 15.7
months compared with 8.5 months for chemotherapy-treated patients. The 3-year LFS was
32% (95% CI: 23%–42%) for HCT patients compared with 15% (95% CI: 9%–23%) for
patients treated with chemotherapy (Figure 3). Importantly, patients in all karyotypic
subgroups appeared to have improved LFS with HCT compared with chemotherapy (Table
2). The RR of death or relapse following chemotherapy was significantly higher than after
HCT [RR 1.72 (95% CI: 1.23–2.41), P=0.0014].

Overall Survival
Overall survival was longer for HCT patients, although this did not reach statistical
significance (P=0.08; Figure 4). The median OS was 20.1 months for HCT patients versus
15.7 months for chemotherapy patients, and the 3-year OS was 37% (95% CI: 27%–47%)
compared with 25% (95% CI: 17%–34%) for chemotherapy-treated patients. Overall
survival also appeared better after HCT across all karyotype subgroups (Table 2). The RR of
death following chemotherapy compared to HCT was 1.35 (95% CI: 0.97–1.89, P=0.076).

Transplant-specific Outcomes
For the 94 patients who received allogeneic HCT in CR1, engraftment occurred in 94%
(95% CI: 88%–98%) of patients by 28 days post-HCT. The cumulative incidence of grade
II-IV acute GvHD at 1 year was 39% (95% CI: 30%–49%) and chronic GvHD at 3 years
was 39% (95% CI: 30%–50%).

DISCUSSION
Our results indicate that RIC allogeneic HCT performed in CR1 for AML patients aged 60
to 70 years is associated with a significant reduction in relapse rate and superior LFS
compared to patients treated with chemotherapy alone. These favorable results appeared to
occur in all cytogenetic subgroups. Our observations suggest that a GvL effect may be
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operative following RIC transplantation in older AML patients and that a sizeable fraction of
older patients under the age of 70 years can benefit from the anti-leukemic effect of HCT.

No prospective trials comparing RIC allogeneic HCT and chemotherapy have been reported.
Patient and physician biases and limited healthy sibling donor availability may confound
development of such a trial (18). Indeed, randomization to include unrelated or umbilical
cord blood donors requires a completed donor search; an involved process that will not be
undertaken unless an allograft is being actively considered by both the patient and the
treating physician. Several reports describe results of RIC allogeneic HCT in older AML
patients and suggest that significantly better survival may follow transplantation in CR1 (12,
25–27). While demonstrating the feasibility of RIC transplantation in older AML patients
and encouraging, the reported studies have generally included only small numbers of
patients 60 years or older, and often included patients beyond CR1(12, 25–27). These older
patients may be highly selected for their interest and fitness to undergo allografting. Indeed,
in a recent analysis assessing the feasibility of allogeneic HCT in patients 50 years or older
with AML (and high-risk myelodysplasia), only 14 of 259 patients were eventually
transplanted in CR1(28), demonstrating the difficulty of identifying and promptly evaluating
older patients who might be candidates for allogeneic HCT. In this report, we include
comparisons with patients who met eligibility criteria for enrollment on CALGB trials,
reflecting at least some similar selection criteria albeit at the time of diagnosis, some months
before assessing fitness for HCT. Despite our attempt to include comparable patients in the
two cohorts, however, it acknowledged that some important differences exist. For example,
in the chemotherapy group, patients who received allogeneic HCT in their subsequent
disease course either in CR for as salvage for relapsed were excluded from analysis.
However, as the proportion of older AML patients who typically proceed to transplantation,
particularly after initial relapse, is expected to be very low (28), we believe that the impact
of excluding patients who were later transplanted from the chemotherapy only group is
likely to be minimal. Also, in this analysis, allogeneic HCT patients defined as being in CR1
could have received multiple lines of therapy to achieve remission, while only patients who
achieved CR1 after no more than two course of induction were included in the
chemotherapy group. The difference in definition of CR1 for the two groups in this analysis,
however, is likely to bias against the outcome of the allogeneic HCT cohort as patients who
achieve CR1 after more than two courses of chemotherapy might be expected to have more
resistant leukemia compared to those who achieve CR1 after only one or two courses of
induction chemotherapy. Notwithstanding these differences, our observations demonstrating
the superiority of RIC allogeneic HCT compared with chemotherapy in these older AML
patients remain clear.

We compared allogeneic HCT with chemotherapy in a sizeable number of older AML
patients. To minimize the effect of selection and lead-time bias, we restricted our
comparison to chemotherapy treated-patients who remained in CR1 for at least 4 months, as
those with very early relapse would not be considered for transplantation (29). In a donor
versus no donor analysis of 95 AML patients in CR1 with sibling donors, others
demonstrated a significantly better LFS and OS for patients with a donor, suggesting that
RIC allogeneic HCT in CR1 is superior to chemotherapy alone (28). However, the latter
study included a majority of patients younger than 60 years, and many also received high-
dose cytarabine or autologous stem cell transplantation consolidation prior to allogeneic
HCT, limiting comparisons with our study.

Despite higher non-relapse mortality, our current study showed that allogeneic HCT in CR1
led to a significant reduction in relapse and improvement in LFS. It should be noted,
however, that our study does not exclude a potential improvement in OS given its limited
statistical power of only 37% to demonstrate a statistically significant difference of 12% for
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OS at 3 years. We estimate that a study would require 250 patients in each group to have
80% power to demonstrate this difference in 3-year OS. Nonetheless, our results suggest that
strategies aimed at reducing non-relapse mortality associated with allogeneic HCT could
yield further improvements. The incorporation of antithymocyte globulin (ATG) or other in
vivo T-cell depleting antibodies may limit the morbidity of acute GvHD and may lessen
non-relapse mortality (25), although this may increase the risk of relapse (30). More
recently, promising results of GvHD prophylaxis using sirolimus plus tacrolimus have been
reported (31, 32), and are currently being studied in the Blood and Marrow Transplant
Clinical Trials Network.

Although HCT led to a significant reduction in relapse, which seemed apparent in all
cytogenetic subgroups, relapse remains a significant cause of treatment failure following
allogeneic HCT in older AML patients. Indeed, our observed relapse risk is similar to that
reported by other investigators following reduced intensity allogeneic HCT (25, 28, 29).
Several strategies to reduce relapse may improve the efficacy of RIC allogeneic HCT,
including the investigation of novel preparative regimens such as incorporating clofarabine
with alkylating agents as recently tested in the myeloablative setting with promising results
(33), use of hypomethylating agents before or after allogeneic HCT (34, 35), and immune-
based strategies such as pre-emptive donor lymphocyte infusions (36) or vaccination against
leukemia-specific antigens (37).

We conclude that RIC allogeneic HCT in AML patients 60 to 70 years old is feasible and is
associated with a significant reduction in relapse and improvement in long-term outcome.
Earlier referral for transplantation along with strategies directed at limiting non-relapse
mortality, including better GvHD prophylaxis and treatment, may improve these outcomes
for an even greater proportion of older patients with AML.

Acknowledgments
This research was supported, in part, by grants from the National Cancer Institute to the Cancer and Leukemia
Group B (CA101140, CA31946, CA77658, CA33601, CA41287, CA47545, CA03927, CA47577, CA35279, and
CA32291), CA16058, and the Coleman Leukemia Research Fund.

The CIBMTR is supported by Public Health Service Grant/Cooperative Agreement U24-CA76518 from the
National Cancer Institute (NCI), the National Heart, Lung and Blood Institute (NHLBI) and the National Institute
of Allergy and Infectious Diseases (NIAID); a Grant/Cooperative Agreement 5U01HL069294 from NHLBI and
NCI; a contract HHSH234200637015C with Health Resources and Services Administration (HRSA/DHHS); two
Grants N00014-06-1-0704 and N00014-08-1-0058 from the Office of Naval Research; and grants from AABB;
Allos, Inc.; Amgen, Inc.; Anonymous donation to the Medical College of Wisconsin; Astellas Pharma US, Inc.; Be
the Match Foundation; Biogen IDEC; BioMarin Pharmaceutical, Inc.; Biovitrum AB; BloodCenter of Wisconsin;
Blue Cross and Blue Shield Association; Bone Marrow Foundation; Buchanan Family Foundation; CaridianBCT;
Celgene Corporation; CellGenix, GmbH; Children’s Leukemia Research Association; ClinImmune Labs; CTI
Clinical Trial and Consulting Services; Eisai, Inc.; Genentech, Inc.; Genzyme Corporation; Histogenetics, Inc.;
HKS Medical Information Systems; Hospira, Inc.; Kirin Brewery Co., Ltd.; The Leukemia & Lymphoma Society;
Merck & Company; The Medical College of Wisconsin; Millennium Pharmaceuticals, Inc.; Miller Pharmacal
Group; Milliman USA, Inc.; Miltenyi Biotec, Inc.; National Marrow Donor Program; Nature Publishing Group;
Novartis Oncology; Oncology Nursing Society; Osiris Therapeutics, Inc.; Otsuka America Pharmaceutical, Inc.;
Pall Life Sciences; Pfizer Inc; Schering Corporation; Sigma-Tau Pharmaceuticals; Soligenix, Inc.; StemCyte, Inc.;
StemSoft Software, Inc.; Sysmex America, Inc.; THERAKOS, Inc.; Vidacare Corporation; ViraCor Laboratories;
ViroPharma, Inc.; and Wellpoint, Inc. The views expressed in this article do not reflect the official policy or
position of the National Institute of Health, the Department of the Navy, the Department of Defense, or any other
agency of the U.S. Government

APPENDIX
We would also like to acknowledge the following members of this Writing Committee:

Farag et al. Page 7

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 November 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Andrew Artz, University of Chicago, Chicago, IL; Christopher Bredeson, Medical College
of Wisconsin, Milwaukee, WI; Robert Peter Gale, Celgene Corporation, Summit, NJ; Vikas
Gupta, Princess Margaret Hospital, Toronto, ON, Canada; Ann Jakubowski, Memorial Sloan
Kettering Cancer Center, New York, NY; Thomas Klumpp, Temple University,
Philadelphia, PA; Gary Schiller, University of California at Los Angeles, Los Angeles, CA
and Peter Wiernik, Albert Einstein Cancer Center, Bronx, New York, NY.

REFERENCES
1. Goldstone AH, Burnett AK, Wheatley K, et al. Attempts to improve treatment outcomes in acute

myeloid leukemia (AML) in older patients: the results of the United Kingdom Medical Research
Council AML11 trial. Blood. 2001; 98:1302–1311. [PubMed: 11520775]

2. Schiffer CA. Postremission therapy in older adults with acute myeloid leukemia: an opportunity for
new drug development. Leukemia. 2002; 16:745–747. [PubMed: 11960360]

3. Rowe JM, Neuberg D, Friedenberg W, et al. A phase 3 study of three induction regimens and of
priming with GM-CSF in older adults with acute myeloid leukemia: a trial by the Eastern
Cooperative Oncology Group. Blood. 2004; 103:479–485. [PubMed: 14512295]

4. Farag SS, Archer KJ, Mrozek K, et al. Pretreatment cytogenetics add to other prognostic factors
predicting complete remission and long-term outcome in patients 60 years of age or older with acute
myeloid leukemia: results from Cancer and Leukemia Group B 8461. Blood. 2006; 108:63–73.
[PubMed: 16522815]

5. Burnett AK, Milligan D, Goldstone A, et al. The impact of dose escalation and resistance
modulation in older patients with acute myeloid leukaemia and high risk myelodysplastic syndrome:
the results of the LRF AML14 trial. Br J Haematol. 2009; 145:318–332. [PubMed: 19291085]

6. Cassileth PA, Harrington DP, Appelbaum FR, et al. Chemotherapy compared with autologous or
allogeneic bone marrow transplantation in the management of acute myeloid leukemia in first
remission. N Engl J Med. 1998; 339:1649–1656. [PubMed: 9834301]

7. Zittoun RA, Mandelli F, Willemze R, et al. Autologous or allogeneic bone marrow transplantation
compared with intensive chemotherapy in acute myelogenous leukemia. European Organization for
Research and Treatment of Cancer (EORTC) and the Gruppo Italiano Malattie Ematologiche
Maligne dell'Adulto (GIMEMA) Leukemia Cooperative Groups. N Engl J Med. 1995; 332:217–
223. [PubMed: 7808487]

8. Slovak ML, Kopecky KJ, Cassileth PA, et al. Karyotypic analysis predicts outcome of preremission
and postremission therapy in adult acute myeloid leukemia: a Southwest Oncology Group/Eastern
Cooperative Oncology Group Study. Blood. 2000; 96:4075–4083. [PubMed: 11110676]

9. Yanada M, Matsuo K, Emi N, Naoe T. Efficacy of allogeneic hematopoietic stem cell
transplantation depends on cytogenetic risk for acute myeloid leukemia in first disease remission: a
metaanalysis. Cancer. 2005; 103:1652–1658. [PubMed: 15742336]

10. Koreth J, Schlenk R, Kopecky KJ, et al. Allogeneic stem cell transplantation for acute myeloid
leukemia in first complete remission: systematic review and meta-analysis of prospective clinical
trials. JAMA. 2009; 301:2349–2361. [PubMed: 19509382]

11. Alyea EP, Kim HT, Ho V, et al. Comparative outcome of nonmyeloablative and myeloablative
allogeneic hematopoietic cell transplantation for patients older than 50 years of age. Blood. 2005;
105:1810–1814. [PubMed: 15459007]

12. Wong R, Giralt SA, Martin T, et al. Reduced-intensity conditioning for unrelated donor
hematopoietic stem cell transplantation as treatment for myeloid malignancies in patients older
than 55 years. Blood. 2003; 102:3052–3059. [PubMed: 12842990]

13. Feinstein LC, Sandmaier BM, Hegenbart U, et al. Non-myeloablative allografting from human
leucocyte antigen-identical sibling donors for treatment of acute myeloid leukaemia in first
complete remission. Br J Haematol. 2003; 120:281–288. [PubMed: 12542488]

14. Ringden O, Labopin M, Ehninger G, et al. Reduced Intensity Conditioning Compared With
Myeloablative Conditioning Using Unrelated Donor Transplants in Patients With Acute Myeloid
Leukemia. J Clin Oncol. 2009

Farag et al. Page 8

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 November 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. McClune BL, Weisdorf DJ, Pedersen TL, et al. Effect of age on outcome of reducedintensity
hematopoietic cell transplantation for older patients with acute myeloid leukemia in first complete
remission or with myelodysplastic syndrome. J Clin Oncol. 2010; 28:1878–1887. [PubMed:
20212255]

16. Popat U, Heslop HE, Durett A, et al. Outcome of reduced-intensity allogeneic hematopoietic stem
cell transplantation (RISCT) using antilymphocyte antibodies in patients with high-risk acute
myeloid leukemia (AML). Bone Marrow Transplant. 2006; 37:547–552. [PubMed: 16462757]

17. Flynn CM, Hirsch B, Defor T, et al. Reduced intensity compared with high dose conditioning for
allotransplantation in acute myeloid leukemia and myelodysplastic syndrome: a comparative
clinical analysis. Am J Hematol. 2007; 82:867–872. [PubMed: 17616969]

18. Estey E, de Lima M, Tibes R, et al. Prospective feasibility analysis of reduced-intensity
conditioning (RIC) regimens for hematopoietic stem cell transplantation (HSCT) in elderly
patients with acute myeloid leukemia (AML) and high-risk myelodysplastic syndrome (MDS).
Blood. 2007; 109:1395–1400. [PubMed: 17038533]

19. Baer MR, George SL, Caligiuri MA, et al. Low-dose interleukin-2 immunotherapy does not
improve outcome of patients age 60 years and older with acute myeloid leukemia in first complete
remission: Cancer and Leukemia Group B Study 9720. J Clin Oncol. 2008; 26:4934–4939.
[PubMed: 18591543]

20. Marcucci G, Moser B, Blum W, et al. A phase III randomized trial of intensive induction and
consolidation chemotherapy ± oblimersen, a pro-apoptotic Bcl-2 antisense oligonucleotide in
untreated acute myeloid leukemia patients >60 years old. J Clin Oncol. 2007; 25:7012.

21. Dohner H, Estey EH, Amadori S, et al. Diagnosis and management of acute myeloid leukemia in
adults: recommendations from an international expert panel, on behalf of the European
LeukemiaNet. Blood. 2010; 115:453–474. [PubMed: 19880497]

22. Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference on Acute GVHD Grading.
Bone Marrow Transplant. 1995; 15:825–828. [PubMed: 7581076]

23. Shulman HM, Sullivan KM, Weiden PL, et al. Chronic graft-versus-host syndrome in man. A
long-term clinicopathologic study of 20 Seattle patients. Am J Med. 1980; 69:204–217. [PubMed:
6996481]

24. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc.
1958; 53:457–481.

25. Shimoni A, Hardan I, Shem-Tov N, et al. Allogeneic hematopoietic stem-cell transplantation in
AML and MDS using myeloablative versus reduced-intensity conditioning: the role of dose
intensity. Leukemia. 2006; 20:322–328. [PubMed: 16307018]

26. Huisman C, Meijer E, Petersen EJ, Lokhorst HM, Verdonck LF. Hematopoietic stem cell
transplantation after reduced intensity conditioning in acute myelogenous leukemia patients older
than 40 years. Biol Blood Marrow Transplant. 2008; 14:181–186. [PubMed: 18215778]

27. Bertz H, Potthoff K, Finke J. Allogeneic stem-cell transplantation from related and unrelated
donors in older patients with myeloid leukemia. J Clin Oncol. 2003; 21:1480–1484. [PubMed:
12697870]

28. Mohty M, de Lavallade H, Ladaique P, et al. The role of reduced intensity conditioning allogeneic
stem cell transplantation in patients with acute myeloid leukemia: a donor vs no donor
comparison. Leukemia. 2005; 19:916–920. [PubMed: 15843817]

29. Herr AL, Labopin M, Blaise D, et al. HLA-identical sibling allogeneic peripheral blood stem cell
transplantation with reduced intensity conditioning compared to autologous peripheral blood stem
cell transplantation for elderly patients with de novo acute myeloid leukemia. Leukemia. 2007;
21:129–135. [PubMed: 17128198]

30. Remberger M, Mattsson J, Svahn BM, Ringden O. Using reduced intensity conditioning and HLA-
identical sibling donors, antithymocyte globulin increases the risk of relapse, which can be
overcome by a high stem cell dose. Bone Marrow Transplant. 2008; 42:769–771. [PubMed:
18695663]

31. Cutler C, Kim HT, Hochberg E, et al. Sirolimus and tacrolimus without methotrexate as graft-
versus-host disease prophylaxis after matched related donor peripheral blood stem cell
transplantation. Biol Blood Marrow Transplant. 2004; 10:328–336. [PubMed: 15111932]

Farag et al. Page 9

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 November 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



32. Cutler C, Li S, Ho VT, et al. Extended follow-up of methotrexate-free immunosuppression using
sirolimus and tacrolimus in related and unrelated donor peripheral blood stem cell transplantation.
Blood. 2007; 109:3108–3114. [PubMed: 17138818]

33. Farag SS, Wood L, Schwartz J, et al. Phase I Trial of High-Dose Clofarabine and Busulfan as a
Myeloablative Regimen Prior to Allogeneic Hematopoietic Stem Cell Transplantation in Patients
with Relapsed or Refractory Acute Leukemia. Leukemia. 2011; 25:599–60512. [PubMed:
21252987]

34. Jabbour E, Giralt S, Kantarjian H, et al. Low-dose azacitidine after allogeneic stem cell
transplantation for acute leukemia. Cancer. 2009; 115:1899–1905. [PubMed: 19235255]

35. Lubbert M, Bertz H, Ruter B, et al. Non-intensive treatment with low-dose 5-aza-2'-deoxycytidine
(DAC) prior to allogeneic blood SCT of older MDS/AML patients. Bone Marrow Transplant.
2009

36. Kolb HJ, Schmid C, Tischer J, et al. Allogeneic Stem Cell Transplantation for MDS and sAML
Following Reduced Intensity Conditioning and Preemptive Donor Lymphocyte Transfusion.
Blood. 2006; 108 Abstract 324.

37. Rezvani K, Yong AS, Mielke S, et al. Leukemia-associated antigen-specific T-cell responses
following combined PR1 and WT1 peptide vaccination in patients with myeloid malignancies.
Blood. 2008; 111:236–242. [PubMed: 17875804]

Farag et al. Page 10

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 November 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Cumulative incidence of non-relapse death in CR1
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Figure 2.
Cumulative incidence of relapse.
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Figure 3.
Leukemia-free survival.
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Figure 4.
Overall survival.

Farag et al. Page 14

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2013 November 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Farag et al. Page 15

Table 1

Patient characteristics

HCT
(n=94)

Chemotherapy
(n=96)

P-value

Age, median (range) in years 63 (60–70) 65 (60–70) <0.001

Age distribution, n (%) 0.022

    60–65 years 70 (74) 56 (58)

    66–70 years 24 (26) 40 (42)

Male, n (%) 55 (59) 55 (57) 0.88

WBC at diagnosis (× 109/l), median (range)* 5.9 (0.5–216.0) 5.6 (0.8–191.7) 0.72

FAB classification, n (%)**

    M0 9 (10) 3 ( 6)

    M1 22 (23) 7 (13)

    M2 25 (27) 14 (26)

    M4 11 (12) 16 (30)

    M5 10 (11) 8 (15)

    M6 3 ( 3) 2 ( 4)

    M7 1 ( 1) 0 ( 0)

    Unclassified 13 (14) 4 ( 7)

Therapy-related AML, n (%) 10 (11) 7 ( 7) 0.46

Cytogenetics, n (%)*** 0.32

    Favorable 2 ( 2) 8 ( 8)

    Normal 44 (56) 52 (55)

    Intermediate-II 15 (19) 20 (21)

    Adverse 17 (22) 15 (16)

Time from diagnosis to CR1 (days), median (range) 44 (10–251) 38 (24–211) 0.031

Transplant-related characteristics

Time from diagnosis to transplant (days), median (range) 189 (63–828) N/A

Time from CR1 to transplant, n (%) N/A

    <120 days 39 (41)

    120–180 days 28 (30)

    181–270 days 20 (21)

    >270 days 7 (7)

Karnofsky score at transplantation ≥90% (n) 63 N/A

Preparative regimen including, n (%) N/A

    Melphalan ≤150 mg/m2 (± other) 23 (24)

    Busulfan ≤ 9 mg/kg (± other) 24 (26)

    Fludarabine + TBI 200 cGy 23 (25)

    Fludarabine + cyclophosphamide 12 (13)

    TLI + ATG 5 ( 5)

    TBI 200 cGy 2 ( 2)

    TBI (<500 cGy single or <800 cGy fractionated dose) 3 ( 3)
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HCT
(n=94)

Chemotherapy
(n=96)

P-value

    Other 2 ( 2)

GvHD prophylaxis, n (%) N/A

    CsA or tacrolimus +MTX ± other 31 (33)

    CsA or tacrolimus ± other 60 (64)

    T-cell depletion 3 ( 3)

Donor type, n (%) N/A

    HLA-identical sibling 44 (47)

    Other related 5 ( 5)

    HLA-matched unrelated 28 (30)

    Partially matched unrelated 12 (13)

    Mismatched unrelated 2 ( 2)

    Unrelated (matching unknown) 3 ( 3)

Graft type, n (%) N/A

    Bone marrow 7 ( 7)

    Peripheral blood ± bone marrow 87 (93)

Abbreviations: WBC, white blood cell count at presentation; FAB, French-American-British; CsA, cyclosporine A; MTX, methotrexate; N/A, not
applicable, TBI, total body irradiation, TLI, total lymphoid irradiation, ATG, anti-thymocyte globulin, MTX, methotrexate.

*
WBC at presentation is unknown for 10 HCT and 13 chemotherapy cases.

**
FAB classification is unknown for 42 chemotherapy cases.

***
Intermediate-II and Adverse cytogenetic categories as described in reference 21. Favorable comprises t(8;21)(p22;q22), inv(16)(p13.1q22) or

t(16;16)(p13.1;q22).
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Table 2

Estimated 3-year percentages of relapse, leukemia-free survival and overall survival by cytogenetic risk
group*

HCT Chemotherapy P-value

Cumulative Incidence of Relapse <0.001

    Favorable karyotype 0 69 (38–93)

    Normal 33 (20–47) 79 (68–88)

    Intermediate-II 25 (6–51) 90 (76–98)

    Adverse karyotype 45 (23–68) 80 (60–94)

LFS 0.001

    Favorable karyotype 100 (100–100) 19 (0–57)

    Normal 39 (24–55) 17 (8–28)

    Intermediate-II 30 (9–57) 10 (1–27)

    Adverse 22 (6–44) 13 (1–35)

OS 0.08

    Favorable karyotype 100 (100–100) 50 (18–82)

    Normal 45 (30–61) 27 (16–39)

    Intermediate-II 32 (10–59) 23 (7–45)

    Adverse 23 (7–45) 13 (1–35)

Shown are the 3-year estimates (95% CI) for the endpoints shown. P value comparisons within these small cytogenetic subsets are not presented
due to the small numbers. P values represent the overall adjusted comparisons between HCT and chemotherapy cohorts.

*
Definitions of cytogenetic risk groups in the favorable and normal cytogenetic categories did not take into account molecular results.
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