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Acute myeloid leukemia (AML) is a clonal disease char-
acterized by proliferation and accumulation of myeloid
progenitor cells in the bone marrow, leading ultimately
to hematopoietic failure. AML primarily affects older
individuals, with a median age of 68 years and a peak
incidence of 20 to 25 per 100,000 in people older than
75 years, compared with fewer than 2.5 per 100,000 in
people younger than 55 years.1 Unfortunately, mortality
closely parallels the incidence in older individuals, re-
flecting the high degree of lethality of the disease, de-
spite its relatively low incidence compared with other
malignancies.

Historically, treatment outcomes for older individ-
uals with AML have been inferior to those in younger
patients. This observation relates to many factors, in-
cluding unique disease biologic characteristics, comorbid-
ities, poor functional status, and perhaps undertreatment
of these patients. The frequency of specific leukemic
karyotypes that fall within an unfavorable prognostic
subgroup, such as full or partial deletions of chromo-
somes 5 and 7,11q23 abnormalities, and complex karyo-
types is higher in elderly patients with AML, as opposed
to prognostically favorable cytogenetic abnormalities in-
volving t(15;17), t(8;21), and inversion 16 [t(16;16)],
which are rarely encountered in older adults with AML.2–5

The presence of multidrug resistance 1 protein (also
known as P-glycoprotein [Pgp]) expression in AML is
also much more common in elderly AML patients and
generally associated with inferior outcomes.6–8 Lastly,
elderly patients are less tolerant of cytoxic chemother-
apeutic regimens, as evidenced by induction–mortality
rates ranging from 20% to 40%. Such poor tolerance of
intensive therapy likely relates to a higher incidence of
comorbidities and poor functional status in this patient
population.2,9
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Abstract
The development of novel therapeutics in acute myeloid leukemia
(AML) is driven by the need to improve efficacy and reduce toxicity.
Clearly, elderly patients with AML represent a highly heterogeneous
group, based on a wide array of disease- and patient-specific charac-
teristics. Therefore, novel treatment strategies aimed at overcoming
specific biologic modifiers of disease resistance will be paramount to
successful therapy for some, whereas in others, the ability to admin-
ister a low-toxicity regimen on a chronic basis to achieve disease con-
trol may prove beneficial, perhaps even in the absence of complete
responses. In addition, identifying genomic and proteomic expres-
sion patterns using an individual’s unique neoplastic clone will likely
optimize the ability to predict responders to novel therapies and iden-
tify new and relevant therapeutic targets. The development of re-
duced-intensity preparative regimens for allogeneic transplants has
allowed physicians and patients to explore the option of long-term
disease control. The risk–benefit ratio for this procedure will depend
on the disease state, patient performance status, and comorbidities.
However, current results underscore that age alone should no longer
be a contraindication for allogeneic transplant with curative intent
in these patients, and long-term disease control with good quality of
life is possible and can be expected. Future trials combining the novel
therapies described in this article and novel transplant technologies
should allow more elderly patients with AML or myelodysplastic
syndromes to experience long and productive lives. (JNCCN 2008;6:
1017–1025)
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Given these findings, novel and less-toxic thera-
peutic approaches are clearly necessary to improve
outcomes in elderly patients with AML. The re-
mainder of this article highlights the latest develop-
ments of these therapies, including the emerging role
of nonmyeloablative allogeneic transplant approaches.

Novel Therapies
Great progress has recently been made in the patho-
biology of acute leukemias, and these discoveries have
been rapidly translated into novel therapies. Although
many new therapeutic strategies have focused on the
expansion of cytotoxic chemotherapeutics, others
have focused on the inhibition of more specific targets
within the leukemic clone.

Novel Chemotherapeutic Compounds
It is well established, based on prospective clinical tri-
als, that traditional anthracycline-based chemother-
apy regimens are highly unsuccessful in providing
remission and long-term survival in elderly patients
with AML, for many of the reasons indicated previ-
ously. In general, complete remission (CR) rates range
from 30% to 50%, and 5-year survival averages below
10%.9–14 Factors closely associated with worse outcomes
in older patients include poor-risk cytogenetics and
age of 70 or 75 years or older.2,9,15 The presence of an
antecedent hematologic disorder may also contribute
to inferior outcomes in older patients.9 Mortality dur-
ing induction chemotherapy becomes especially promi-
nent in patients older than 70 years, often approaching
40%.2,9

In response to poor outcomes with traditional cy-
totoxic agents in this population, large-scale efforts
to introduce novel chemotherapeutic drugs and strate-
gies have been undertaken. One observation that may
negatively impact chemotherapy success is the over-
expression of multidrug-resistant proteins, namely
Pgp. Expression of Pgp is especially prevalent within
the leukemic blasts of elderly patients with AML,
and therefore serves as a potential target for improv-
ing chemotherapy outcomes in elderly patients.6,7

Unfortunately, most phase III studies have failed to
show a beneficial effect of adding Pgp inhibitors to
conventional anthracycline-based chemotherapy.8

A newer-generation Pgp inhibitor, zosuquidar, is
the most potent and selective Pgp inhibitor studied.
Early trials using zosuquidar in combination with
daunorubicin and cytarabine were recently performed.

Preliminary results from an ECOG trial showed no
survival benefit in patients treated with zosuquidar
using a 6-hour infusion schedule.16 Alternative dos-
ing schedules of zosuquidar administration are un-
der investigation for maximal inhibition of Pgp
function, and preliminary data using a 24-hour con-
tinuous infusion schedule of zosuquidar indicated
adequate safety and promising early response rates,
particularly in patients with Pgp-positive secondary
AML.17

Other new chemotherapeutic approaches in the
elderly are being actively studied. Clofarabine is a
novel nucleoside analogue that also inhibits ribonu-
cleotide reductase and is more selectively resistant to
intracellular deamination than other agents in the
same class. Although extensively studied in acute
leukemias, lower-dose clofarabine used as a single agent
in elderly patients with AML has garnered recent
attention. In a phase II study performed by Burnett
et al.,18 elderly patients treated with clofarabine had a
CR plus CR with incomplete blood count recovery
rate of 46%, including 42% for those patients with
adverse cytogenetics. Confirmatory studies in using
this single-agent regimen are ongoing.

Another novel chemotherapeutic agent, clore-
tazine, is a sulfonylhydrazine alkylating agent that is cur-
rently undergoing single-agent and combination testing
in elderly patients with AML. Preliminary data indi-
cated a 32% CR and CR with incomplete recovery of
platelet counts (CRp) rate using single-agent clore-
tazine in previously untreated AML and high-risk
myelodysplastic syndromes (MDS), including a
CR/CRp rate of 50% in patients with de-novo AML.19

These results are being verified in a larger phase II trial.

Targeted Agents
Targeted therapeutic approaches in AML hypotheti-
cally offer the combined benefits of lower toxicity with
unique antileukemic effects. In elderly patients, who
have high rates of treatment-related morbidity and
mortality and chemoresistance, this approach is jus-
tifiable. It is also plausible that targeted therapy will
emerge with an eminent role in the postremission/min-
imal residual disease (MRD) setting, in which leukemia
burden is less and a broader, more generalized cytotoxic
therapeutic approach would be less desirable. Therefore,
larger-scale efforts to identify and screen for markers
of MRD in AML will likely help individualize postre-
mission therapies for patients whose leukemia shows
unique molecular targets.
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Epigenetic Modulators: One promising class of tar-
geted agents in AML is the DNA methyltransferase
inhibitors. These agents, although retaining nucleo-
side analogue–based cytotoxicity properties, potently
inhibit DNA promoter methylation, leading to the
reversal of gene silencing that may promote leukemic
cell survival, growth, and propagation. The agents
5-azacitidine and 5-aza-2� deoxycitidine (decitabine)
have been approved for use in MDS based on results
from large phase III clinical trials.20,21

In AML, these agents also seem to have clinical
activity, with CR rates ranging from 10% to 20%, but
with additional patients experiencing lesser degrees
of clinical response (i.e., partial response, hematologic
improvement). In addition, early mortality rates using
these agents seem to be low, generally less than 10%.22

The absolute benefit and morbidity/mortality rates of
these agents compared with standard or best support-
ive care have not been determined and are the subject
of ongoing clinical trials. Combination trials using
DNA methyltransferase inhibitors with histone
deacetylase inhibitors are also being explored in an
attempt to more definitively reverse gene silencing
through 2 distinct epigenetic effects.23–25

Another potential therapeutic role for epigenetic
modulators in elderly patients with AML may be in
the postremission/maintenance setting. Given the
good tolerance of these agents and the ability to ad-
minister them on a prolonged basis has generated this
interest. Recently reported preliminary results of a
study using low-dose 5-azacitidine maintenance for
patients with AML or MDS in first CR suggested the
potential for durable remission durations with this
approach.26

Farnesyltransferase Inhibitors: Small molecule in-
hibitors that target relevant protein or enzymatic ac-
tivity in cancer are being rapidly developed and
deployed. One class of inhibitors includes those known
to inhibit intracellular prenylation, namely farnesyla-
tion. Farnesyltransferase inhibitors (FTIs) were devel-
oped on the premise that mutated ras, being a frequent
event in cancer, and whose function is inhibitable
with FTIs, was a key target. 

Because point mutations or overactivation of ras-
related signaling pathways in AML are common
events, efforts toward developing FTIs in AML were
undertaken. A large phase II trial of the FTI tipifarnib
in elderly patients with previously untreated AML
showed a CR rate of 14%, extended median survival

of 18+ months in patients with CR, and low-rate of
hospitalization for treatment-related toxicities.27

Results from a large phase III trial comparing tipi-
farnib with best supportive care in elderly patients
with untreated AML, however, failed to show a sur-
vival advantage to FTI therapy.28 The future of FTIs
as single agents for untreated AML may depend on
genomic identification of patients most likely to re-
spond to and benefit from this treatment.29

Based on a novel mechanism of action and favor-
able toxicity profile, FTIs have also been explored in
the postremission setting. A recent study indicated
that tipifarnib, given as maintenance therapy for older
AML patients, resulted in a 2-year disease-free sur-
vival rate of 30%, which was higher than expected
based on historical experience.30 Future studies will
hopefully provide more clarity as to the precise role of
low-dose maintenance therapy with targeted agents
such as these. 
FMS-Like Tyrosine Kinase 3 Inhibitors: Inhibitors
of FMS-like tyrosine kinase 3 (FLT3) represent an-
other promising class of small molecule–targeted
therapies. FLT3 is a receptor tyrosine kinase that is
highly and often overexpressed in AML cells and di-
rects various important downstream signaling events
that may influence leukemogenesis.31 In up to 30% of
AML cases, an internal tandem duplication mutation
occurs in the juxtamembrane domain of flt-3, leading
to constitutive activation.31 Numerous trials have ex-
amined various inhibitors of FLT3, both as single agents
and in combination with cytotoxic chemotherapy.32–36

As single agents, FLT3 inhibitors have limited activ-
ity, with transient peripheral blood or blast clearance
in some patients.33,37 Combination therapy may prove
more promising, and phase III trials are at an early
stage. 

Although not preferentially designed for elderly
patients, FLT3 inhibitors, perhaps in combination
with cytotoxics, may emerge to become useful when
standard chemotherapy frequently fails.
Gemtuzumab Ozogamicin: Gemtuzumab ozogamicin
(GO) is a monoclonal antibody against CD33 conju-
gated to calicheamicin, approved for use in elderly pa-
tients with relapsed AML. Combined phase II trial
results showed a CR plus CRp rate of 26% in the set-
ting of first relapse, with a median relapse-free sur-
vival of 5.2 months.38 Fractionated administration of
GO may be associated with less hepatotoxicity with-
out compromising efficacy.39 Some small studies have
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also reported on the use of GO for previously untreated
AML in elderly patients, both as a single agent and in
combination with chemotherapeutics.40–44 As a single
agent, CR/CRp rates may vary between 8% and 35%,
with higher rates reported in combination, and rela-
tively low rates of early toxic death. Whether this ap-
proach is superior to more conventional chemotherapy
requires larger and randomized studies. 
Other Targeted Agents: Several other classes of tar-
geted agents are being developed and tested in early-
phase clinical trials. Heat-shock protein inhibitors,
phosphatidyl-inositol 3 kinase (PI3K)/Akt pathway
inhibitors, Bcl-2 inhibitors, and mitogen-activated
protein kinase (MAPK) pathway inhibitors are among
the classes of new compounds in early-phase devel-
opment. These classes of drugs are being considered
for trials as single agents and in combination with cy-
totoxics.

Allogeneic Stem Cell Transplantation for
Older Patients with AML

Background
High-dose chemoradiotherapy followed by infusion
of autologous or allogeneic bone marrow or periph-
eral blood is a potentially curative approach for many
hematologic malignancies.45 However, because of
toxicity and nonrelapse mortality, allografting with
conventional myeloablative conditioning is rarely
performed in patients older than 50 years, and auto-
grafting in patients older than 65 years is performed
in only a few centers. Both single-institution and reg-
istry analyses show that older age is associated with a
higher incidence of graft-versus-host disease (GVHD)
and nonrelapse mortality.46–48 Table 1 summarizes the
risks for acute and chronic GVHD and nonrelapse
mortality for patients with AML or MDS according to
age and donor type, as reported to the 2 largest blood
and marrow registries.47,48

The biologic basis underlying the increased in-
cidence of nonrelapse mortality in older patients is
not well understood. In some studies, acute GVHD
incidence increases with age.49 GVHD and other
transplant complications that result in nonrelapse
deaths (i.e., venoocclussive disease and noninfec-
tious pneumonitis) are hypothesized to be partly
caused by release of inflammatory cytokines triggered
by tissue destruction produced by the preparative
regimen.50

Rationale
Improvements in supportive care and the use of pe-
ripheral blood stem cells together with improved
human leukocyte antigen typing technology have im-
proved transplantation outcomes in younger patients.51

Although some centers have shown that conventional
allografting can be successful in patients older than 55
years, the number of these patients who had until re-
cently undergone allografting was extremely small.51–53

From 1995 to 1997, only 23% of the 11,347 patients
reported to the International Bone Marrow Transplant
Registry and the Autologous Blood and Marrow
Transplant Registry were older than 50 years, of which
7% were older than 60.51 

However, AML and MDS are increasingly more
common in older patients and, after cytogenetics, age
is one of the most important predictors of long-term dis-
ease control in AML.1–3 Fewer than 20% of patients
with AML who are older than 60 years and who expe-
rience a first CR are disease-free at 3 years.3 Thus, new
strategies must be developed for this patient population
to improve current treatment outcomes. The potency
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Table 1 Incidence of Acute GVHD, Chronic 
GVHD, and Nonrelapse Mortality for 
Patients with AML/MDS According to 
Age and Donor Type
IBMTR AML/MDS EBMTR (Sibling 
All Stages All Transplants for
Donors (37 teams) AML in CR1)

Age and Grade II–IV 
Donor Acute CGVH 
Type NRM GVHD Disease Age NRM

< 20 y < 35 y 22%

Sib 5% 22% 23%

MUD 11% 46% 29%

20–45 y 35–45 y 31%

Sib 12% 29% 51%

MUD 25% 35% 40%

45 y > 45 y 32%

Sib 16% 24% 51%

MUD 27% 42% 31%

Abbreviations: AML, acute myeloid leukemia; CGVH, chronic
graft-versus-host disease; CR1, first complete remission;
EBMTR, European Bone Marrow Transplant Registry; GVHD,
graft-versus-host disease; IBMTR, International Bone Marrow
Transplant Registry; MDS, myelodysplastic syndromes; MUD,
matched unrelated donors; NRM, nonrelapse mortality; Sib,
sibling. 
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of the immune mediated graft-versus-leukemia effect
as shown by the ability of donor lymphocyte infusions
to reinduce remissions in patients who have experi-
enced relapse after an allogeneic progenitor cell trans-
plant has led to the exploration of reduced-intensity
conditioning (RIC) regimens in older and medically de-
bilitated patients.54–59 The rationale for these approaches
was that engraftment of allogeneic progenitor cells
could allow exploitation of the graft-versus-malignancy
effect, and that less-intensive preparative regimens
would be associated with less toxicity, less release of
inflammatory cytokines, and therefore less GVHD and
lower nonrelapse mortality rates.59

The advent of less-toxic reduced-intensity regi-
mens has broadened the applicability of allogeneic
and autologous transplantation to older and more de-
bilitated patients, as demonstrated by the fact that
since 1998, the fraction of patients older than 55 years
undergoing allogeneic transplantation has increased
significantly and represents one of the largest areas of
growth for this procedure (Table 260). Notwithstanding,
most patients who undergo allografting are still younger
than 70 years, with only 54 patients older than 70
years reported to the registry.

Current Results With Reduced-Intensity Regimens 
Kiss et al.59 recently reviewed the results of allograft-
ing for older patients with AML undergoing RIC al-
lografting. Representative series of RIC allografting
for AML or MDS have been summarized in Table 3.61–72

In general, 2- to 3-year nonrelapse mortality rates of
between 10% and 30% are generally reported, with
3-year event-free survival rates between 30% and 50%.
Patients undergoing allograft in first remission have sig-
nificantly better outcomes with nonrelapse mortality
rates of less than 15% and event-free survival rates of
60% at 3 years. Unfortunately, as shown by Estey et al.,69

only a minority of patients experiencing a CR actu-
ally undergo allogeneic stem cell transplantation. 

Dose intensity is significantly different among the
various reduced-intensity and minimally ablative reg-
imens currently used.59 Dose intensity has been shown
to be important for disease control after allografting in
AML/MDS.62 None of the retrospective studies have
shown a benefit of one conditioning over another.
Thus, in the absence of randomized trials, all published
regimens would be considered reasonable. 

However, data suggest that older patients should
preferentially receive a reduced-intensity regimen
over a traditional ablative regimen. In 722 patients
with AML/MDS undergoing allogeneic transplan-
tation and reported to the European Bone Marrow
Transplant Registry, Aoudjhane et al.65 reported that
nonrelapse-mortality was significantly less with the
reduced-intensity regimens (18% vs. 32%), with a
trend towards improved survival (hazard ratio, 1.26;
P = .08).65

Timing of Stem Cell Transplantation 
Considering that the outcome for elderly patients with
AML/MDS is so poor, one would think that most pa-
tients should undergo transplantation as soon as the
diagnosis is made. However, the logistics of finding
a donor, plus the poor performance status of many
elderly patients with AML/MDS, makes this difficult.
Even in patients experiencing a CR, fewer than 15%
undergo allografting.69 Emerging data on the safety
and efficacy of this procedure should allow more pa-
tients and physicians to consider this a valid option.
However, patients with high comorbidity scores and
poor performance status continue to have a high rate
of transplant-related complications and a 40% 3-year
mortality rate, and the risk–benefit ratio must be care-
fully discussed and addressed with patients and fam-
ily members before performing this procedure.72 The
lack of a related sibling donor or suitable 10/10 unre-
lated donor also should not be considered an absolute
barrier to proceeding to allograft in elderly patients
with AML/MDS, because recent reports from the
University of Minnesota have shown the feasibility
and efficacy of unrelated donor cord blood transplan-
tation using reduced-intensity regimens in older pa-
tients; however, this approach should still be limited
to well-designed clinical trials.73

Conclusions
The development of novel therapeutics in AML is
driven by the need to improve efficacy and reduce
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Table 2 Trends in Allograft Recipient Age
Age 1987–1992 1993–1999 2000–2006

< 50 y 98% 90% 70%

50–60 y 2% 9% 20%

> 60 y < 1% 1% 10%

Data from Center for International Blood & Marrow
Transplant Research. Summary Slides. Available at:
www.cibmtr.org/SERVICES/Observational_Research/
Summary_Slides. Accessed September 8, 2008.
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toxicity. Clearly, elderly patients with AML represent
a highly heterogeneous group, based on a wide array
of disease- and patient-specific characteristics. Given
this heterogeneity, it is not surprising that any individ-
ual therapeutic regimen administered to a large num-
ber of patients results in a low overall response rate.
Therefore, novel treatment strategies aimed at over-
coming specific biologic modifiers of disease resistance
will be paramount to successful therapy for some,
whereas in others the ability to administer a low tox-
icity regimen on a chronic basis to achieve disease
control may prove beneficial, perhaps even in the
absence of CRs. In addition, the ability to identify ge-
nomic and proteomic expression patterns within an in-
dividual’s unique neoplastic clone will likely optimize
the ability to predict responders to novel therapies
and identify new and relevant therapeutic targets. 

The development of reduced-intensity prepara-
tive regimens for allogeneic transplantation has al-
lowed physicians and patients to explore the option
of long-term disease control. The risk–benefit ratio
for this procedure will depend on the disease state,

performance status of the patient, and comorbidities.
However, current results underscore that age alone
should no longer be a contraindication for allogeneic
transplant with curative intent in these patients, and
long-term disease control with good quality of life is
possible and can be expected. Future trials combining
the novel therapies described earlier and novel trans-
plant technologies should allow more elderly patients
with AML or MDS to experience long and productive
lives.

References
1. Surveillance, Epidemiology, and End Results (SEER) Program. Acute

myeloid leukemia incidence for 2000-2004. National Cancer Institute,
DCCPS, Surveillance Research Program, Cancer Statistics Branch.
2007. Available at: www.seer.cancer.gov. Accessed September 8, 2008.

2. Appelbaum FR, Gundacker H, Head DR, et al. Age and acute myeloid
leukemia. Blood 2006;107:3481–3485.

3. 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.

© Journal of the National Comprehensive Cancer Network Volume 6 Number 10 November 2008

Abbreviations: AML, acute myeloid leukemia; CR1, first complete remission; CR2, second complete remission; F, fludarabine; FAI,
fludarabine, cytarabine, idarubicin; Fb, fludarabine and busulfan; FM, fludarabine and melphalan; MA, myeloablative; MDS,
myelodysplastic syndromes; MRD, matched related donor; N, number; NRM, nonrelapse mortality; NS, not significant; OS, overall
survival; PFS, progression-free survival; RIC, reduced-intensity conditioning; TBI, total body irradiation; UCB, unrelated cord blood.

Table 3 Representative Studies of Allogeneic Transplantation for Elderly Patients with AML/MDS or 
other Hematologic Malignancies

N (Median, 
Author Age, Range [y]) Regimen NRM Rates OS/PFS

Series with AML/MDS only

Wong et al.61 20 (59, 53–69) FM/Fb 55% @ 2 y 44%/37% @ 2 y

De Lima et al.62 94 (ns, 27–75) FM/FAI FM = 39% @ 3 y 34%/27% @ 3 y
FAI = 15% @ 3 y

Gupta et al.63 24 (64, 60–71) F, 200 cGy TBI 25% @ 2 y 52%/44% @ 2 y

Tauro et al.64 76 (52,18–71) FM alemtuzumab 19% @ 1 y 41%/37% @ 3 y

Aoudjhane et al.65 315 RIC (57, ns) Various RIC and RIC = 18% @ 2 y RIC = 47%/40% @ 2 y
407 MA (54, ns) ablative MA = 32% @ 2 y MA = 46%/44% @ 2 y

Hegenbart et al.66 122 (58, 17–74) F, 200 cGy TBI 16% @ 2 y > 60 CR1/CR2 48%/42% @ 2 y

Popat et al.67 17 (58, 29–68) F, 450 cGy TBI 18% @ 1 y 40%/40% @ 2 y

Kroger et al.68 20 (60, 44–70) F-treosulfan 28% @ 2 y 36%/34% @ 2 y

Estey et al.69 14 (ns, 55–70) FM NS 60%/60% @ 2 y

Series with various hematologic malignancies

Shimoni et al.70 36 (58, 55–66) Various RIC 39% @ 1 y 52%/43% @ 1 y

Falda et al.71 32 (62, 60–70) F, 200 cGy TBI 10% @ 1 y 39%/35% @ 2 y

Majhail et al.73 90 (58, 55–70) Various MRD 28% @ 0.5 y MRD = 43%/30% @ 3 y
UCB 28% @ 0.5 y UCB = 34%/34% @ 3 y

JN06X_Jrnl_61008Lancet.qxd  11/22/08  3:49 PM  Page 1022

http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.63[aid=8564329]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.63[aid=8564329]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)107L.3481[aid=8564330]
http://www.seer.cancer.gov


Original Article 1023

Therapy for Older AML Patients

4. Frohling S, Schlenk RF, Kayser S, et al. Cytogenetics and age are
major determinants of outcome in intensively treated acute myeloid
leukemia patients older than 60 years: results from AMLSG trial
AML HD98-B. Blood 2006;108:3280–3288.

5. Grimwade D, Walker H, Harrison G, et al. The predictive value of
hierarchical cytogenetic classification in older adults with acute
myeloid leukemia (AML): analysis of 1065 patients entered into the
United Kingdom Medical Research Council AML11 trial. Blood
2001;98:1312–1320.

6. Leith CP, Kopecky KJ, Godwin J, et al. Acute myeloid leukemia in
the elderly: assessment of multidrug resistance (MDR1) and cytoge-
netics distinguishes biologic subgroups with remarkably distinct re-
sponses to standard chemotherapy. A Southwest Oncology Group
study. Blood 1997;89:3323–3329.

7. Leith CP, Kopecky KJ, Chen IM, et al. Frequency and clinical sig-
nificance of the expression of the multidrug resistance proteins
MDR1/P-glycoprotein, MRP1, and LRP in acute myeloid leukemia:
a Southwest Oncology Group study. Blood 1999;94:1086–1099.

8. Mahadevan D, List AF. Targeting the multidrug resistance-1 trans-
porter in AML: molecular regulation and therapeutic strategies.
Blood 2004;104:1940–1951.

9. Kantarjian H, O Brien S, Cortes J, et al. Results of intensive
chemotherapy in 998 patients age 65 years or older with acute myeloid
leukemia or high-risk myelodysplastic syndrome: predictive prog-
nostic models for outcome. Cancer 2006;106:1090–1098.

10. Goldstone AH, Burnett AK, Wheatley K, et al. Attempts to im-
prove 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.

11. Lowenberg B, Suciu S, Archimbaud E, et al. Mitoxantrone versus
daunorubicin in induction-consolidation chemotherapy—the value
of low-dose cytarabine for maintenance of remission, and an assess-
ment of prognostic factors in acute myeloid leukemia in the elderly:
final report. European Organization for the Research and Treatment
of Cancer and the Dutch-Belgian Hemato-Oncology Cooperative
Hovon Group. J Clin Oncol 1998;16:872–881.

12. Lowenberg B, Suciu S, Archimbaud E, et al. Use of recombinant
GM-CSF during and after remission induction chemotherapy in
patients aged 61 years and older with acute myeloid leukemia: final
report of AML-11, a phase III randomized study of the Leukemia
Cooperative Group of European Organisation for the Research and
Treatment of Cancer and the Dutch Belgian Hemato-Oncology
Cooperative Group. Blood 1997;90:2952–2961.

13. 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.

14. Stone RM, Berg DT, George SL, et al. Granulocyte-macrophage
colony-stimulating factor after initial chemotherapy for elderly pa-
tients with primary acute myelogenous leukemia. N Engl J Med
1995;332:1671–1677.

15. Schoch C, Kern W, Schnittger S, et al. The influence of age on prog-
nosis of de novo acute myeloid leukemia differs according to cyto-
genetic subgroups. Haematologica 2004;89:1082–1090.

16. Cripe LD, Li X, Litzow M, et al. A randomized, placebo-controlled,
double blind trial of the MDR modulator, zosuquidar, during conven-
tional induction and post-remission therapy for pts > 60 years of age
with newly diagnosed acute myeloid leukemia (AML) or high-risk
myelodysplastic syndrome (HR-MDS): ECOG 3999 [abstract]. Blood
2006;108:Abstract 423.

17. Lancet J, Baer MR, Cripe LD, et al. Phase I/II pharmacodynamic
study of the P-glycoprotein (Pgp) inhibitor zosuquidar administered

by continuous infusion (CIV) with daunorubicin (DNR) and cy-
tarabine (ARA-C) as primary therapy in older patients with acute
myeloid leukemia (AML) [abstract]. Blood 2006;108:Abstract 422.

18. Burnett AK, Baccarani M, Johnson P, et al. Clofarabine in previ-
ously untreated elderly (> 65 yrs) AML patients with an unfavourable
cytogenetic profile who are considered unfit for standard intensive
chemotherapy [abstract]. J Clin Oncol 2006;24:Abstract 6513.

19. Giles F, Rizzieri D, Karp J, et al. Cloretazine (VNP40101M), a novel
sulfonylhydrazine alkylating agent, in patients age 60 years or older
with previously untreated acute myeloid leukemia. J Clin Oncol
2007;25:25–31.

20. Kantarjian H, Oki Y, Garcia-Manero G, et al. Results of a random-
ized study of 3 schedules of low-dose decitabine in higher-risk
myelodysplastic syndrome and chronic myelomonocytic leukemia.
Blood 2007;109:52–57.

21. Silverman LR, Demakos EP, Peterson BL, et al. randomized con-
trolled trial of azacitidine in patients with the myelodysplastic syn-
drome: a study of the Cancer and Leukemia Group B. J Clin Oncol.
2002;20:2429–2440.

22. Lubbert M, Ruter B, Claus R, et al. Continued low-dose decitabine
(DAC) is an active first-line treatment in all cytogenetic subgroups
of older AML patients: results of the FR00331 multicenter phase II
study [abstract]. Blood 2007;110:Abstract 300.

23. Garcia-Manero G, Kantarjian HM, Sanchez-Gonzalez B, et al.
Phase 1/2 study of the combination of 5-aza-2'-deoxycytidine with
valproic acid in patients with leukemia. Blood 2006;108:3271–3279.

24. Blum W, Klisovic RB, Hackanson B, et al. Phase I study of decitabine
alone or in combination with valproic acid in acute myeloid leukemia.
J Clin Oncol 2007;25:3884–3891.

25. Garcia-Manero G, Yang AS, Klimek V, et al. Phase I/II study of
MGCD0103, an oral isotype-selective histone deacetylase (HDAC)
inhibitor, in combination with 5-azacitidine in higher-risk myelodys-
plastic syndrome (MDS) and acute myelogenous leukemia (AML)
[abstract]. Blood 2007;110:Abstract 444.

26. Grovdal M, Khan R, Aggerholm A, et al. Maintenance treatment
with azacytidine for patients with high risk myelodysplastic syn-
dromes or acute myeloid leukaemia in complete remission after in-
tensive chemotherapy [abstract]. Blood 2007;110:Abstract 818.

27. Lancet JE, Gojo I, Gotlib J, et al. A phase II study of the farnesyl-
transferase inhibitor tipifarnib in poor-risk and elderly patients with
previously untreated acute myelogenous leukemia. Blood 2007;
109:1387–1394.

28. Harousseau JL, Martinelli G, Jedrzejczak WW, et al. A randomized
phase 3 study of tipifarnib compared to best supportive care (includ-
ing hydroxyurea) in the treatment of newly diagnosed acute myeloid
leukemia (AML) in patients 70 years or older [abstract]. Blood
2007;110:Abstract 439.

29. Raponi M, Lancet JE, Fan H, et al. A 2-gene classifier for predicting
response to the farnesyltransferase inhibitor tipifarnib in acute myeloid
leukemia. Blood 2008;111:2589–2596.

30. Karp JE, Smith BD, Gojo I, et al. Phase II trial of tipifarnib as main-
tenance therapy in first complete remission in adults with acute
myelogenous leukemia and poor-risk features. Clin Cancer Res
2008;14:3077–3082.

31. Gilliland DG, Griffin JD. The roles of FLT3 in hematopoiesis and
leukemia. Blood 2002;100:1532–1542.

32. DeAngelo DJ, Stone RM, Heaney ML, et al. Phase 1 clinical results
with tandutinib (MLN518), a novel FLT3 antagonist, in patients
with acute myelogenous leukemia or high-risk myelodysplastic syn-
drome: safety, pharmacokinetics, and pharmacodynamics. Blood
2006;108:3674–3681.

© Journal of the National Comprehensive Cancer Network Volume 6 Number 10 November 2008

JN06X_Jrnl_61008Lancet.qxd  11/22/08  3:49 PM  Page 1023

http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.3674[aid=8059337]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.3674[aid=8059337]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2002)100L.1532[aid=6925272]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2008)14L.3077[aid=8564331]
http://www.ingentaconnect.com/content/external-references?article=1078-0432(2008)14L.3077[aid=8564331]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2008)111L.2589[aid=8564332]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2007)109L.1387[aid=8564333]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2007)109L.1387[aid=8564333]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2007)25L.3884[aid=8313832]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.3271[aid=8035305]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2002)20L.2429[aid=5404399]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2002)20L.2429[aid=5404399]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2007)109L.52[aid=8313825]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2007)25L.25[aid=8564334]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2007)25L.25[aid=8564334]
http://www.ingentaconnect.com/content/external-references?article=0390-6078(2004)89L.1082[aid=8564335]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1995)332L.1671[aid=1155272]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1995)332L.1671[aid=1155272]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2004)103L.479[aid=7075084]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1997)90L.2952[aid=7723179]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(1998)16L.872[aid=1155201]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2001)98L.1302[aid=7075087]
http://www.ingentaconnect.com/content/external-references?article=0008-543x(2006)106L.1090[aid=8564336]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2004)104L.1940[aid=7995919]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1999)94L.1086[aid=2239463]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1997)89L.3323[aid=1155257]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2001)98L.1312[aid=2649316]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2001)98L.1312[aid=2649316]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.3280[aid=8564337]


1024 Original Article

Lancet and Giralt

33. Knapper S, Burnett AK, Littlewood T, et al. A phase 2 trial of the
FLT3 inhibitor lestaurtinib (CEP701) as first-line treatment for older
patients with acute myeloid leukemia not considered fit for inten-
sive chemotherapy. Blood 2006;108:3262–3270.

34. Stone RM, DeAngelo DJ, Klimek V, et al. Patients with acute myeloid
leukemia and an activating mutation in FLT3 respond to a small-mol-
ecule FLT3 tyrosine kinase inhibitor, PKC412. Blood 2005;105:54–60.

35. DeAngelo DJ, Amrein PC, Kovacsovics TJ, et al. Phase 1/2 study of
tandutinib (MLN518) plus standard induction chemotherapy in
newly diagnosed acute myelogenous leukemia (AML) [abstract].
Blood 2006;108:Abstract 158.

36. Stone RM, Fischer T, Paquette R, et al. Phase IB study of PKC412,
an oral FLT3 kinase inhibitor, in sequential and simultaneous com-
binations with daunorubicin and cytarabine (DA) induction and
high-dose cytarabine consolidation in newly diagnosed adult 
patients (pts) with acute myeloid leukemia (AML) under age 61 
[abstract]. Blood 2006;108:Abstract 157.

37. Stone RM, Klimek V, DeAngelo DJ, et al. PKC412, an oral FLT3 in-
hibitor, has activity in mutant FLT3 acute myeloid leukemia (AML):
a phase II clinical trial [abstract]. Blood 2002;100:Abstract 86a.

38. Larson RA, Sievers EL, Stadtmauer EA, et al. Final report of the ef-
ficacy and safety of gemtuzumab ozogamicin (Mylotarg) in patients
with CD33-positive acute myeloid leukemia in first recurrence.
Cancer 2005;104:1442–1452.

39. Taksin AL, Legrand O, Raffoux E, et al. High efficacy and safety pro-
file of fractionated doses of Mylotarg as induction therapy in patients
with relapsed acute myeloblastic leukemia: a prospective study of
the alfa group. Leukemia 2006;21:66–71.

40. Amadori S, Suciu S, Willemze R, et al. Sequential administration of
gemtuzumab ozogamicin and conventional chemotherapy as first
line therapy in elderly patients with acute myeloid leukemia: a phase II
study (AML-15) of the EORTC and GIMEMA leukemia groups.
Haematologica 2004;89:950–956.

41. Estey EH, Thall PF, Giles FJ, et al. Gemtuzumab ozogamicin with or
without interleukin 11 in patients 65 years of age or older with un-
treated acute myeloid leukemia and high-risk myelodysplastic syn-
drome: comparison with idarubicin plus continuous-infusion,
high-dose cytosine arabinoside. Blood 2002;99:4343–4349.

42. Fianchi L, Pagano L, Leoni F, et al. Gemtuzumab ozogamicin, cito-
sine arabinoside, G-CSF combination (G-AraMy) in the treatment
of elderly patients with poor-prognosis acute myeloid leukemia. Ann
Oncol 2008;19:128–134.

43. Harousseau JL, Recher CFR, Vey N, et al. Gentuzumab-ozogamicin
(GO) plus idarubicin (I) and cytarabine (C) as induction treatment
for elderly patients with poor-risk cytogenetics acute myeloid leukemia
(AML) [abstract]. Blood 2007;110:Abstract 1839.

44. Piccaluga PP, Martinelli G, Rondoni M, et al. First experience with
gemtuzumab ozogamicin plus cytarabine as continuous infusion for
elderly acute myeloid leukaemia patients. Leuk Res 2004;28:987–990. 

45. Armitage J. Bone marrow transplantation. N Engl J Med 1994;
330:827–838.

46. Loberiza F. Report on the state of the art in blood and marrow trans-
plantation. Part 1 of the IBMTR/ABMTR summary slides with guide.
IBMTR/ABMTR Newsletter 2003;10:7–10. 

47. Frassoni F, Labopin M, Arcese W, et al. The outcome of allogeneic
hematopoietic stem cell transplantation (HSCT) for AML 1CR is
significantly worse after 35 years. Implication for reducing the inten-
sity of the conditioning regimen. Report of the acute leukemia work-
ing party of EBMT [abstract]. Blood 2000;96:Abstract 393a.

48. Ringden O, Horowitz M, Gale R, et al. Outcome after allogeneic bone
marrow transplant for leukemia in older adults. JAMA 1993;270:57–60.

49. Gale R, Bortin M, Van Bekkum D, et al. Risk factors for acute graft
versus host disease Br J Haematol 1987;67:397–400.

50. Ferrara J, Deeg H. Graft versus host disease. N Engl J Med 1991;
324:667–674.

51. Horowitz M, Loberiza F, Bredeson C, Nugent M. Transplant reg-
istries: guiding clinical decisions and improving outcomes. Oncology
2001:15:649–659.

52. Wallen H, Gooley TG, Deeg HJ, et al. Ablative allogeneic hematopoi-
etic cell transplantation in adults 60 years of age and older. J Clin
Oncol 2005;23:3439–3446.

53. Ditschkowski M, Elmaagacli AH, Trenschel R, et al. Myeloablative
allogeneic hematopoietic stem cell transplantation in elderly pa-
tients. Clin Transplant 2006;20:127–131.

54. Giralt S, Estey E, Albitar M, et al. Engraftment of allogeneic
hematopoietic progenitor cells with purine analog-containing
chemotherapy: harnessing graft versus-leukemia without myeloab-
lative therapy. Blood 1997;89:4531–4536.

55. Slavin S, Nagler A, Naparstak E, et al. Nonmyeloablative stem cell
transplantation and cell therapy as an alternative to conventional
bone marrow transplantation with lethal cytoreduction for the treat-
ment of malignant and non malignant hematologic diseases. Blood
1998;91:756–763.

56. Khouri I, Keating MJ, Korbling M, et al. Transplant lite: induction
of graft vs malignancy using fludarabine based nonablative chemother-
apy and allogeneic progenitor-cell transplantation as treatment for
lymphoid malignancies. J Clin Oncol 1998;16:2817–2824.

57. Champlin R, Khouri I, Kornblau J, et al. Reinventing bone marrow
transplantation. Nonmyeloablative preparative regimens and induc-
tion of graft versus malignancy effect. Oncology 1999;13:621–626.

58. McSweeney P, Niederwieser D, Shizuru J, et al. Hematopoietic cell
transplantation in older patients with hematologic malignancies: re-
placing high-dose cytotoxic therapy with graft-versus-tumor effects.
Blood 2001;97:3390–3400.

59. Kiss TL, Sabry W, Lazarus HM, Lipton JH. Blood and marrow trans-
plantation in elderly acute myeloid leukemia patients-older certainly
is not better. Bone Marrow Transplant 2007;40:405–415.

60. Center for International Blood & Marrow Transplant Research. Summary
Slides. Available at: www.cibmtr.org/SERVICES/Observational_Research/
Summary_Slides. Accessed September 8, 2008.

61. Wong R, Giralt S, Martin T, et al. Reduced intensity conditioning
for unrelated donor hematopoietic stem cell transplantation as treat-
ment for myeloid malignancies in patients older than 55 years. Blood
2003;102:3052–3059. 

62. de Lima M, Anagnostopoulos A, Munsell M, et al. Nonablative ver-
sus reduced intensity conditioning regimens in the treatment of acute
myeloid leukemia and high risk myelodysplastic syndrome: dose is rel-
evant for long term disease control after allogeneic hematopoietic
stem cell transplantation. Blood 2004;104:865–872.

63. Gupta V, Daly A, Lipton J, et al. Nonmyeloablative stem cell transplan-
tation for myelodysplastic syndrome or acute myeloid leukemia in pa-
tients 60 years or older. Biol Blood Marrow Transplant 2005;11:764–772.

64. Tauro S, Craddock C, Peggs K, et al. Allogeneic stem cell transplan-
tation using a reduced intensity conditioning regimen has the
capacity to produce durable remissions and ling term disease free
survival in patients with high risk acute myeloid leukemia and
myelodysplasia. J Clin Oncol 2005;23:9387–9393.

65. Aoudjhane M, Labopin M, Gorin NC, et al. Comparative outcome
of reduced intensity and myeloablative conditioning regimen in HLA
identical sibling allogeneic hematopoietic stem cell transplantation
for patients older than 50 years with acute myeloblastic leukemia: a
retrospective survey from the acute leukemia working party of the

© Journal of the National Comprehensive Cancer Network Volume 6 Number 10 November 2008

JN06X_Jrnl_61008Lancet.qxd  11/22/08  3:49 PM  Page 1024

http://www.ingentaconnect.com/content/external-references?article=0732-183x(2005)23L.9387[aid=8564338]
http://www.ingentaconnect.com/content/external-references?article=1083-8791(2005)11L.764[aid=8564339]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2004)104L.865[aid=8418155]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2003)102L.3052[aid=5552309]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2003)102L.3052[aid=5552309]
http://www.ingentaconnect.com/content/external-references?article=0268-3369(2007)40L.405[aid=8564340]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2001)97L.3390[aid=2596305]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(1998)16L.2817[aid=1497907]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1998)91L.756[aid=1155178]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1998)91L.756[aid=1155178]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(1997)89L.4531[aid=1497908]
http://www.ingentaconnect.com/content/external-references?article=0902-0063(2006)20L.127[aid=8564342]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1991)324L.667[aid=898990]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1991)324L.667[aid=898990]
http://www.ingentaconnect.com/content/external-references?article=0007-1048(1987)67L.397[aid=5587941]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1994)330L.827[aid=1154862]
http://www.ingentaconnect.com/content/external-references?article=0028-4793(1994)330L.827[aid=1154862]
http://www.ingentaconnect.com/content/external-references?article=0145-2126(2004)28L.987[aid=7258725]
http://www.ingentaconnect.com/content/external-references?article=0923-7534(2008)19L.128[aid=8564345]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2002)99L.4343[aid=3204140]
http://www.ingentaconnect.com/content/external-references?article=0390-6078(2004)89L.950[aid=8564346]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2006)21L.66[aid=8564347]
http://www.ingentaconnect.com/content/external-references?article=0008-543X(2005)104L.1442[aid=7447198]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2005)105L.54[aid=7075096]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2006)108L.3262[aid=8133908]
http://www.cibmtr.org/SERVICES/Observational_Research/Summary_Slides
http://www.cibmtr.org/SERVICES/Observational_Research/Summary_Slides


Original Article 1025

Therapy for Older AML Patients

European group for blood and marrow transplantation. Leukemia
2005;19:2304–2312.

66. Hegenbart U, Nierderwieser D, Sandmaier BM, et al. Treatment for
acute myelogenous leukemia by low dose TBI based conditioning
and hematopoietic cell transplantation from related and unrelated
donors. J Clin Oncol 2006;24:444–453.

67. Popat U, Heslop HE, Durett A, et al. Outcome of reduced intensity
allogeneic hematopoietic stem cell transplantation using antilympho-
cyte antibodies in patients with high risk acute myeloid leukemia.
Bone Marrow Transplant 2006;37:547–552.

68. Kroger N, Shimoni A, Zabelina T, et al. Reduced toxicity condi-
tioning with treosulfan, fludarabine and ATG as preparative 
regimen for allogeneic stem cell transplantation in elderly patients
with secondary acute myeloid leukemia or myelodysplastic syn-
drome. Bone Marrow Transplant 2006;37:339–344.

69. Estey E, de Lima M, Tibes R, et al. Prospective feasibility analysis of
reduced intensity conditioning regimens for hematopoietic stem cell
transplantation in elderly patients with acute myeloid leukemia and
high risk myelodysplastic syndrome. Blood 2007;109:1395–1400.

70. Shimoni A, Kroger N, Zabelina T, et al. Hematopoietic stem cell
transplantation from unrelated donors in elderly patients (age > 55 years)
with hematologic malignancies: older age is no longer a contraindi-
cation when using reduced intensity conditioning. Leukemia 2005;
19:7–12.

71. Falda M, Busca A, Baldi I, et al. Nonmyeloablative allogeneic
stem cell transplantation in elderly patients with hematological ma-
lignancies: results from the GITMO (Gruppo Italiano Trapianto
Midollo Osseo) multicenter prospective trial. Am J Hematol 2007;
82:863–866.

72. Sorror M, Storer B, Sandmaier B, et al. Hematopoietic cell transplan-
tation comorbidity index and Karnofsky performance status are in-
dependent predictors of morbidity and mortality after allogeneic
nonmyeloablative hematopoietic cell transplantation. Cancer
2008;112;1992–2001.

73. Majhail N, Brunstein C, Tomblyn M, et al. Reduced intensity allo-
geneic transplant in patients older than 55 years of age. Unrelated
umbilical cord blood is safe and effective for patients without a
matched related donor. Biol Blood Marrow Trans 2008;14:282–289.

© Journal of the National Comprehensive Cancer Network Volume 6 Number 10 November 2008

JN06X_Jrnl_61008Lancet.qxd  11/22/08  3:49 PM  Page 1025

http://www.ingentaconnect.com/content/external-references?article=1083-8791(2008)14L.282[aid=8564349]
http://www.ingentaconnect.com/content/external-references?article=0361-8609(2007)82L.863[aid=8564350]
http://www.ingentaconnect.com/content/external-references?article=0361-8609(2007)82L.863[aid=8564350]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2005)19L.7[aid=8564351]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2005)19L.7[aid=8564351]
http://www.ingentaconnect.com/content/external-references?article=0006-4971(2007)109L.1395[aid=8564352]
http://www.ingentaconnect.com/content/external-references?article=0268-3369(2006)37L.339[aid=8564353]
http://www.ingentaconnect.com/content/external-references?article=0268-3369(2006)37L.547[aid=8564354]
http://www.ingentaconnect.com/content/external-references?article=0732-183x(2006)24L.444[aid=8564355]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2005)19L.2304[aid=8413460]
http://www.ingentaconnect.com/content/external-references?article=0887-6924(2005)19L.2304[aid=8413460]
http://www.ingentaconnect.com/content/external-references?article=0008-543x(2008)112L.1992[aid=8564356]
http://www.ingentaconnect.com/content/external-references?article=0008-543x(2008)112L.1992[aid=8564356]

