
Allogeneic hematopoietic stem cell transplantation
is a curative treatment for patients with both
malignant and non-malignant hematologic dis-

eases and nowadays represents the most widely available
form of stem cell therapy. More than 50 years have
elapsed since the first report by E. Donnall Thomas on
this new radical and innovative approach1 and since then
the field has improved enormously, particularly in the last
decade. The recent recommendations of the European
LeukemiaNet for management of acute myeloid leukemia
in adults have highlighted the value of allogeneic stem
cell transplantation in this setting; Table 1 summarizes
the indications to this procedure provided by the interna-
tional experrts panel.2 In individual clinical decision mak-
ing, both the disease risk (cytogenetic and molecular pro-
file) and the risk associated with the transplant itself as
assessed by comorbidity and other transplant-related
risk-indices, should be taken into account. 
Hematopoietic stem cell transplantation was initially

developed for two purposes. First, it was a strategy to
replace an abnormal hematopoietic system with one
from a healthy donor. Second, it allowed the delivery of
myeloablative doses of radiation and/or chemotherapy to
cure hematologic malignancies. The delivery of high
doses of myeloablative conditioning resulted in an unac-
ceptable treatment modality for patients over 50 years of
age and/or with co-morbidities because of the high rate
of transplant related toxicity and mortality. Over the
years, the relevance of the role of the allogeneic immune
system in the eradication of the underlying malignancy
became more and more apparent. In fact, the relapse rate
after hematopoietic stem cell transplantation appeared
lower in patients with graft versus host disease while it was
the highest in identical twin transplant recipients. This
observation led to the pivotal question on the respective
contribution of the conditioning regimen and the
immunological graft versus leukemia effect of the graft in
the final generation of the anti-tumor activity of
hematopoietic stem cell transplantation. 
Since the late 1990s, new conditioning regimens have

been developed, markedly less intense but still sufficient-
ly immunosuppressive to ensure engraftment of allogene-
ic cells. Reduced intensity conditioning regimens allowed

hematopoietic stem cell transplantation to be performed
safely in patients up to 70 years old or with relevant co-
morbidities. Since 2006, approximately 40% of
hematopoietic stem cell transplantations use reduced
conditioning regimens. Unfortunately, reduced condition-
ing regimen transplants failed to demonstrate a real sur-
vival advantage compared to myeloablative conditioning
transplants because the resultant reduction in toxicity
was gained at the price of an increased incidence of
relapse. In addition, despite a reduction in tissue damage
provided by the reduced intensity of the conditioning,
this approach translated into graft versus host disease
rates not inferior to myeloablative conditioning. While
absolute numbers of allo-hematopoietic stem cell trans-
plantation are steadily increasing, thanks to the wide
applicability of reduced conditioning regimen transplants
in fragile patients, graft versus host disease and the con-
sequent toxicities related to the necessary immunosup-
pressive treatments still represent its biggest limitation.
Therefore, major efforts are being made to optimize graft
versus host disease prevention and treatment while pre-
serving a graft versus leukemia effect. 
The report by Craddock et al.3 published in this issue,

describes the UK experience on hematopoietic stem cell
transplantation in acute myeloid leukemia using an in vivo
T-cell depletion by alemtuzumab associated to a reduced
intensity regimen based on fludarabine and melphalan. In
a large retrospective analysis, the authors confirm the
efficacy of in vivo T-cell depletion in graft versus host dis-
ease prevention while the major cause of treatment fail-
ure in T-cell depleted reduced intensity regimen trans-
plants is disease relapse. In the authors’ analysis, three
factors predict an increased risk of disease relapse: disease
status at transplant, adverse cytogenetics at diagnosis and
increased intensity of post-transplant immunosuppres-
sion. The 3-year overall survival varies between 50% for
patients in first complete remission to 15% for those with
active disease at transplant. While no clinical intervention
can modify the biological characteristics of the original
disease, some pre- and post-transplant factors influencing
the outcome can be modulated. 
However, the most critical aspect to increase the pro-
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Table 1. Current indications to allogeneic stem cell transplantation in acute myeloid leukemia according to disease status and stem cell source.
Clinical condition Stem cell source

Matched related donor Matched unrelated donor Cord blood Mismatched related donor

Low-risk first complete remission Clinical trials Arguable Arguable Arguable
Any other type of first complete remission Standard therapy Standard therapy Clinical trials Clinical trials
Complete remission following the first one Standard therapy Standard therapy Standard therapy Standard therapy
Refractory/relapsed acute myeloid leukemia Clinical trials Arguable Clinical trials Clinical trials



receiving allo-hematopoietic stem cell transplantation is
timely initiation of donor search as soon as diagnosis is
established. Allo-hematopoietic stem cell transplantation
was initially limited to the approximately 25% of
patients with a matched sibling; in the late 1970s, the
Seattle group performed the first successful marrow graft-
ing from a matched, unrelated donor in a patient with
leukemia. Methods for HLA testing have dramatically
improved over the past 15 years, and today patients
receiving a well matched unrelated donor in experienced
transplant centers have similar outcome to HLA-identical
sibling recipients.4 Furthermore, the organization of
hematopoietic stem cell donor registries has improved
dramatically in recent years, resulting in a successful
recruitment of a matched donor in 50-80% of patients in
an appropriate time according to disease status. However,
patients from ethnicities less represented in world-wide
registries still have a significantly lower chance of finding
a well matched donor. In recent years, a third source of
stem cells, umbilical cord blood, has become more and
more popular. Cord blood has several potential advan-
tages, including rapid availability and lower risk of graft
versus host disease, resulting in less stringent HLA-
matching requirements. Nowadays in the US, umbilical
cord blood transplants represent around a third of all
transplants for children with acute leukemia; the use of
umbilical cord blood is also increasing in adults, particu-
larly following the advent of double-unit transplants to
augment graft cell dose.5 The Perugia group6 carried out
seminal work on profound T-cell depletion in the setting
of HLA-haploidentical hematopoietic stem cell transplan-
tation associated to infusion of large numbers of purified
CD34+ cells resulting in high engraftment rate and low
incidence of graft versus host disease. Since then, many
achievements have been made in this setting. HLA-hap-
loidentical transplantation offers an immediate source of
stem cells to almost every patient because of easy and
rapid donor availability, but the delayed recovery of
immune response against pathogens results in high trans-
plant related mortality, limiting the spread of the proce-
dure.7 Different strategies to speed up the immunorecon-
stitution have been developed, such as the infusion of
genetically modified lymphocytes post-transplant8 or dif-
ferent strategies of in vivo T-cell depletion i.e. CD3/CD19
negative selection.9 In the last few years, the infusion of
un-manipulated haploidentical stem cells has also been
investigated, using alternative strategies of post-trans-
plant immunosuppression; among these the administra-
tion of rapamycin to promote in vivo T-regulatory cell
expansion10 or the use of cyclophosphamide on day 3
after graft infusion to reduce alloreactive lymphocytes.11

All these advances in the field of alternative donors and
multiple options in stem cell sources and content are now
expected to translate into a higher rate of patients under-
going hematopoietic stem cell transplantation in an early
disease stage according to the intention-to-treat.
One prognostic factor of hematopoietic stem cell trans-

plantation outcome amenable to intervention pre-trans-
plantation is iron overload. Several studies have docu-
mented that pre-transplant red blood cell transfusion-
dependence and/or high serum ferritin level, surrogate
markers of iron overload, are associated to poorer sur-

vival due to higher transplant related mortality in patients
with myelodysplastic syndromes or acute myeloid
leukemia.12 Ongoing studies are focusing on the predic-
tive value of iron overload at transplantation using hepat-
ic magnetic resonance imaging as non-invasive evaluation
of liver iron concentration. In the near future, it will be
vital to prospectively determine whether pre-transplanta-
tion chelation therapy with oral drugs such as deferasirox
can safely and effectively reduce the deleterious impact of
transfusional iron overload on the outcome of
hematopoietic stem cell transplantation.
The choice of the conditioning regimen is now relying

on multiple available options. Although reduced intensity
conditioning has resulted in a reduction in transplant
related mortality, it is less effective in tumor killing. The
Standford group pioneered a combination of total lym-
phoid irradiation with anti-thymocyte globulin as mini-
mal toxic conditioning, and demonstrated that this proce-
dure not only allows hematopoietic stem cell transplanta-
tion in older patients, more heavily pre-treated or with
co-morbidities, but also has a protective effect on acute
graft versus host disease with a rate of grade 2-4 graft ver-
sus host disease of less than 5%. This preparation modal-
ity before hematopoietic stem cell transplantation relies
completely on the graft versus leukemia effect for disease
control which can, however, take some months to be
fully active.13 Also the field of standard myeloablation is
improving. The combination of fludarabine with newer
formulations of old drugs, like intravenous busulphan, or
with different alkylating agents like treosulfan are under
evaluation in prospective comparative trials (MC-
FludT.14/L, EudraCT-No.: 2008-002356-18) depicting a
new reduced toxicity regimen option. Another way to inten-
sify the conditioning could be the substitution of fludara-
bine with clofarabine, a purine analog with marked direct
anti-leukemia properties. Finally, also different modalities
of radiation delivery are being investigated; a very prom-
ising way to reduce toxicity maintaining a high anti-
leukemia power is the application of tomotherapy to
total body irradiation, obtaining a total marrow irradia-
tion, sparing deleterious effect of total body irradiation on
lung, liver and other organs.15

Also the intensity of post-transplant immunosuppres-
sion can be modulated affecting graft versus host disease
and morbidity. Craddock et al.2 show that increased expo-
sure to cyclosporine A in the first 21 days post-transplant
is strongly associated to an increased risk of relapse and
poorer overall survival. Curiously the authors do not find
any association between acute graft versus host disease
and cyclosporine A levels, and there is only a trend
towards an increased risk of chronic graft versus host dis-
ease in patients with lower cyclosporine A levels. These
findings probably depend on the concomitant use of
alemtuzumab. Tuning cyclosporine A exposure in the
first post-transplant days appears to be a potentially valu-
able strategy to improve the outcome of very high-risk
patients, for example those with adverse cytogenetics at
diagnosis. Manipulation of immunosuppressive therapy
post-transplant should be performed not only according
to patient characteristics, but also considering graft source
and quantity of donor T cells infused, modality of T
depletion (alemtuzumab, anti-lymphocyte globulins-ATG
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or others) and HLA matching. High resolution matching
of HLA-A, -B, -C, -DRB1 and -DQB1 (10/10) can improve
clinical outcome in terms of overall survival, transplant
related mortality and acute graft versus host disease; but
it is now emerging that also matching at HLA-DPB1 can
be important. HLA-DPB1 displays weak linkage disequi-
librium with the other class II loci; therefore, only
approximately 15% of 10/10 matched pairs are also
matched for HLA-DPB1 (12/12). HLA-DPB1 allele-mis-
matched transplantations permissive according to a new
functional algorithm developed by Fleischhauer et al.
have better outcome in terms of survival.15 Besides tuning
cyclosporine A exposure, new immunosuppressive strate-
gies are becoming available, above all the use of
rapamycin as graft versus host disease prophylaxis.16

Rapamycin is an immunosuppressive drug that arrests
cell cycle in G1 through the inhibition of DNA transcrip-
tion, DNA translation and protein synthesis but, in con-
trast to calcineurin inhibitors, promotes the generation of
T-regulatory cells (Tregs). Besides its intriguing effect on
Tregs, rapamycin has also a potential antitumor activity
in different hematologic malignancies,17 rendering it suit-
able for high-risk patients.
In conclusion, despite more than 50 years have passed

since the first hematopoietic stem cell transplantation,
this field is now evolving very rapidly in terms of stem
cell sources, conditioning regimens, immunosuppression
and supportive therapy, and the outcome of this type of
transplant is improving year by year, providing a curative
option to patients with diseases which still cannot be
cured by chemotherapy.18
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