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69.1.1  Definition, Subtypes

AML is a malignancy of hematopoietic immature 
precursors (myeloblasts) that accumulate in the 
BM at the expense of their normal counterparts. 
AML is diagnosed by cytomorphology if more 
than 20% myeloblasts are present in the BM or 
PB.  In addition, immunophenotyping and cyto-
genetic and molecular characterization are used 
to identify a number of AML subtypes.

The WHO defines seven major subtypes of 
AML based largely on genetic, morphological, 
and cytochemical characteristics of the disease, 
whereas the most recent update (2016) included 
a new category termed “myeloid neoplasms with 
germ line predisposition” (Arber et al. 2016). In 
addition, risk classification is increasingly done 
according to the latest European LeukemiaNet 
(ELN) recommendations, whereby three risk 
groups are distinguished, including favorable risk, 
intermediate risk, and adverse risk, largely based 
on pretreatment cytogenetic abnormalities and 
aberrations in the NPM1, FLT3, CEBPA, RUNX1, 
ASXL1, and TP53 genes (Dohner et al. 2017).

69.1.2  Clinical Presentation

The median age at diagnosis is approximately 
70  years, and the annual age-standardized inci-
dence rate varies between 3 and 4 cases per 
100,000. Patients with AML may present with 
symptoms such as fatigue and loss of appetite, 
whereas lymphadenopathy and hepatospleno-
megaly may be found by physical examination. 
Analysis of blood work often reveals thrombo-
cytopenia, anemia, and/or neutropenia. In some 
patients a serious bleeding diathesis can occur, 
particularly in the early phase of treatment, 
because the leukemic blasts are able to activate 
the coagulation cascade as well as cause hyper-
fibrinolysis. This particularly occurs in patients 
with acute promyelocytic leukemia (APL).
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69.1.3  First-Line Treatment

Achievement and maintenance of complete remis-
sion (CR) are crucial in younger AML patients 
aged below 60 years, but treatment may largely fail 
because of relapse from CR rather than primary 
resistance or treatment-related mortality (TRM).

With modern supportive care, TRM rates aver-
age <5%. For 30  years standard induction treat-
ment (to produce CR) has consisted of 7–10 days 
of the antimetabolite cytosine arabinoside (Ara-C) 
and 3 days of an anthracycline (i.e., daunorubicin 
or idarubicin). CR rates with standard induction 
estimate between 70 and 90%. Favorable-risk 
patients may experience relatively good outcome 
with overall survival rates of approximately 60%, 
whereas outcome for patients with intermediate-
risk and adverse-risk AML remains unsatisfactory.

Following the introduction of targeted thera-
pies in other malignancies including TKI in 
CML, studies to evaluate targeted treatment in 
AML were initiated 5–10 years ago, and a large 
randomized study in patients with FLT3 AML 
demonstrated a survival benefit for younger 
AML patients treated with the kinase inhibitor 
midostaurin in conjunction with intensive induc-
tion and consolidation chemotherapy (Stone et al. 
2017). That study led to the approval of midostau-
rin, which has now become standard of care in 
AML patients with mutated FLT3. The ability of 
the pretreatment features such as incorporated in 
the ELN risk classification to predict outcome is 
important to direct treatment decisions; however 
probably more prognostically important than the 
pretreatment features is response to treatment 
(CR vs. lesser degrees of “response”) and espe-
cially presence, in hematological remission, of 
“minimal residual disease” (MRD) as assessed 
by flow cytometry or molecular testing in patients 
with abnormalities such as mutated NPM1.

Allo-HSCT clearly reduces relapse rates but is 
associated with TRM (see sect. 69.1.4). Patients 
who do not qualify for HSCT are usually offered 
intensive consolidation chemotherapy based on 
high-dose cytarabine (HDAC). The dose of Ara-C 
has been a subject of study and intense debate 
questioning the application of dosages exceeding 
2  g/m2, which is now generally considered the 

upper dose (Lowenberg 2013). Induction chemo-
therapy in younger patients may include the 3 + 
7 scheme, whereas older patients may not toler-
ate intensive induction therapy and therefore are 
considered for non-intensive induction. However, 
it should be noted that also patients above the age 
of 60 years without comorbidities and no organ 
dysfunctions may be candidates for intensive 
therapy, which has been demonstrated to result 
in superior outcome (Lowenberg et  al. 2009). 
Nevertheless, with a median age of approxi-
mately 70 years, most older patients are offered 
non-intensive therapy. With regard to non-inten-
sive therapy, low-dose cytarabine (LDAC) is gen-
erally preferred over best supportive care (BSC) 
(Burnett et  al. 2007). More recently, demethyl-
ation agents were compared with LDAC or BSC 
in older patients with AML and/or MDS, and 
both azacitidine (AZA) and decitabine showed 
a modest survival advantage. Although these 
agents resulted in a small improvement in over-
all survival, they may be preferred over LDAC 
or BSC in patients who cannot tolerate intensive 
induction therapy. At present the demethylating 
agents are predominantly used in those patients 
with myelodysplastic features.

69.1.4  HSCT and AML Risk 
Categories

69.1.4.1  ELN Risk Categories
Previously, conventional cytogenetics and muta-
tions of NPM1, FLT3-ITD, and CEBPA were 
included in the ELN 2010 risk classification of 
AML patients (Dohner et  al. 2010). The current 
ELN 2017 risk classification has added mutations 
in three genes including RUNX1, ASXL1, and 
TP53 (Table 69.1) (Dohner et  al. 2017). Similar 
to the previous risk classification, the ELN 2017 
AML risk classification is advocated to be used for 
risk-stratifying AML and to a risk-adapted treat-
ment approach of patients with AML. Such a risk-
adapted treatment approach of patients with AML 
depends on the risk of relapse of the underlying 
AML but also on the risk of TRM associated with 
the applied post-remission treatment. The applica-
tion of MRD, detected by either multiparametric 
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flow cytometry or quantitative PCR for specific 
molecular markers, may further improve AML 
risk classifications. MRD may be detected at time 
points early after induction treatment to assess the 
remission status of the AML but also after PRT to 
detect imminent relapse. Consequently, MRD neg-
ativity was introduced as an endpoint in patients 
with a hematological CR (Dohner et al. 2017).

69.1.4.2  Transplant Risk Categories
The risk-adapted approach of patients with AML 
in first CR should also include the assessment of 
TRM for each individual patient. TRM may be 
attributed to GVHD, infectious complications, 
organ toxicity, and other causes (Gooley et  al. 
2010). A number of parameters may relate to 
allo-HSCT-related TRM, including the procedure 
(e.g., conditioning regimen, application of TCD), 
donor characteristics (e.g., HLA-matching), and 

recipient features (e.g., age and comorbidity). 
The risk of mortality may be quantified by com-
posite risk scores, which have been established to 
predict for TRM and overall outcome.

Two generally approved transplant risks were 
developed and validated, including the EBMT 
risk score (Gratwohl et al. 1998) and the hema-
topoietic cell transplantation-comorbidity index 
(HCT-CI) (Sorror et  al. 2005). The EBMT risk 
score is based on patient and transplantation 
characteristics, which was developed in CML 
patients and subsequently validated in other 
patient groups including AML (Gratwohl et  al. 
2009). The HCT-CI originated from the Charlson 
comorbidity index and consists of 17 comor-
bidities which contribute to a cumulative score 
(Sorror et al. 2005). The HCT-CI was extensively 
validated and has been continuously being refined 
including age, disease status, or biomarkers 

Table 69.1 Risk-adapted post-remission treatment for patients with AML in first CRa

AML risk classificationb MRD statusc

Preferred post- remission 
treatment

Favorable
t(8;21)(q22;q22.1); RUNX1-RUNX1T1 Negative Chemotherapy/auto-HSCT
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow Positive Allo-HSCTd, (unless excessive 

TRM can be predicted)Biallelic mutated CEBPA

Intermediate
Mutated NPM1 and FLT3-ITDhigh Negative Allo-HSCTd  

(if acceptable risk of TRM; 
alternative, chemo/auto-HSCT)

Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow  
(without adverse risk genetic lesions)
t(9;11)(p21.3;q23.3); MLLT3-KMT2A Positive Allo-HSCTe

Cytogenetic abnormalities not classified as favorable or adverse

Adverse
t(6;9)(p23;q34.1); DEK-NUP214 Negative Allo-HSCTe

t(v;11q23.3); KMT2A rearranged
t(9;22)(q34.1;q11.2); BCR-ABL1 Positive Allo-HSCTe

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM(EVI1)
−5 or del(5q); −7; −17/abn(17p)
Complex karyotype, monosomal karyotype
Wild-type NPM1 and FLT3-ITDhigh

Mutated RUNX1
Mutated ASXL1
Mutated TP53

aAdapted from Cornelissen et al. 2012a, b), Table 4
bAdapted from Dohner et al. (2017), Table 5
cDetected with multiparametric flow cytometry or with for qPCR specific markers
dAllo-HSCT using HLA-identical sibling or 10/10 MUD donors
eAllo-HSCT using HLA-identical sibling, MUD, umbilical cord blood, or haploidentical donors
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(Sorror et  al. 2007, 2014). Other groups have 
also developed predictive models for TRM modi-
fying the weights of the EBMT risk score and the 
HCT-CI (Barba et al. 2010), whereas others com-
bined transplant-related parameters and patient 
characteristics (Parimon et al. 2006; Barba et al. 
2014; Shouval et al. 2015).

A more sophisticated, machine-based learn-
ing model was developed by the EBMT-acute 
leukemia working party (ALWP) based on 10 
variables, which resulted in an alternating deci-
sion tree model highly predicting for mortality at 
100 days and at 2 years (Shouval et al. 2015).

However, with the introduction of RIC, allo- 
HSCT is increasingly being applied as post- 
remission treatment for older or less fit patients 
with comorbidities. Several groups have reported 
less predictive power of the EBMT-score and 
the HCT-CI in these subgroups of patients as a 
number of comorbidities are less strongly asso-
ciated with mortality after RIC than after MAC 
(Gratwohl et al. 2009; Barba et al. 2010; Barba 
et  al. 2014). The EBMT-ALWP has developed 
an integrated score based on the EBMT risk 
score and the HCT-CI with increased predictive 
power in the setting of RIC allo-HSCT (Versluis 
et al. 2015). The lack of predictive power of the 
established risk scores and the development of 
a refined and dedicated model emphasize that 
prediction of TRM requires a continued reassess-
ment of risk scores in specific patient groups.

69.1.5  HSCT in First-Line AML 
Treatment: A Risk-Adapted 
Approach

AML risk classifications are being used for tailor-
ing patients’ optimal post-remission treatment, 
which may include allo-HSCT, auto-HSCT, and 
continued chemotherapy. Allo-HSCT is the most 
optimal post-remission treatment for the preven-
tion of relapse due to a potent GVL effect, which 
has been demonstrated to be exerted irrespective 
of underlying AML cytogenetic subcategories and 
MRD status (Cornelissen et  al. 2012b; Versluis 
et  al. 2017a). However, absolute estimates of 
relapse incidence differ and may reflect molecular 
or cytogenetic differences resulting in resistance 

of the AML.  Although the GVL effect of allo-
HSCT is unequivocally present in patients with 
AML in first CR, concurrent TRM may compro-
mise overall outcome, especially in AML patients 
with a relatively low incidence of relapse. Thus, a 
risk-adapted approach of post-remission treatment 
for patients with AML in first CR should include 
an assessment of the TRM risk profile in addition 
to leukemia characteristics and MRD (Cornelissen 
et  al. 2012a; Cornelissen and Blaise 2016). 
Table  69.1 summarizes a risk-adapted approach 
based on the latest ELN AML risk classification, 
MRD status, and the risk for TRM. The risk for 
TRM should be preferably assessed with dedi-
cated scores for specific subgroups of patients. 
Patients with MRD are considered high-risk for 
relapse and preferably receive an allo-HSCT in 
first CR, unless excessive NRM may be predicted.

Allo-HSCT is generally not being indicated 
in patients with a favorable AML risk profile; for 
those patients auto-HSCT or continued chemo-
therapy may be preferred (Dohner et  al. 2017; 
Cornelissen et al. 2012a; Cornelissen and Blaise 
2016). However, favorable-risk patients with per-
sistent MRD may receive an allo-HSCT, espe-
cially those patients with a low risk for TRM.

Results of allo-HSCT compared with auto- 
HSCT or chemotherapy have yielded contradict-
ing results in intermediate-risk patients, especially 
taking molecular markers into account (Koreth 
et  al. 2009; Schlenk et  al. 2008; Rollig et  al. 
2015; Stelljes et al. 2014; Versluis et al. 2017b). 
Assessment of the MRD status is strongly advo-
cated for patients with an intermediate-risk 
AML. Allo-HSCT may be applied in patients with 
intermediate-risk AML with MRD after induction 
chemotherapy, except for patients with a high risk 
for TRM. Allo-HSCT is also preferred for patients 
with intermediate-risk MRD-negative AML, but 
auto-HSCT or chemotherapy may be considered 
when the predicted risk for TRM is high.

Adverse-risk patients with MRD should be 
transplanted with an allografted as soon as a 
hematological CR is obtained. Adverse-risk 
patients without MRD still have a significant risk 
of relapse and may also receive an allo-HSCT, 
although patients with a very high risk for TRM 
may alternatively receive autologous HSCT or a 
third cycle of chemotherapy.

J. Versluis et al.
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69.2  Allo-HSCT in Advanced AML

Charles Craddock

69.2.1  Introduction

Allo-HSCT plays an increasingly important role 
in the management of AML in adults (Cornelissen 
et al. 2012a). The advent of RIC regimens cou-
pled with increased donor availability has dra-
matically increased the number of patients in 
whom allo-HSCT can be contemplated.

At the same molecular characterization at 
diagnosis coupled with measurable MRD quanti-
tation after induction, chemotherapy has consid-
erably improved our ability to predict relapse risk 
in patients treated with intensive chemotherapy 
(IC) alone permitting accurate identification of 
allo-mandatory patients.

As a result, allo-HSCT in patients with AML 
in CR1 is an increasingly important personalized 
component of the treatment algorithm. At the 
same time, transplantation is also emerging as an 
important, potentially curative treatment modal-
ity in patients with advanced AML.

The increasingly important role of allo-HSCT 
in the management of AML mandates the devel-
opment of novel strategies with the potential to 
improve transplant outcome. Although the last 
three decades has witnessed a substantial reduction 
in TRM, the risk of disease relapse post  transplant 
remains stubbornly high and now represents the 
major cause of treatment failure in patients allo-
grafted for AML. There is consequently an urgent 
requirement to develop novel strategies with the 
potential to reduce the risk of disease recurrence.

69.2.2  The Role of Allo-HSCT 
in the Management of AML 
Beyond CR1

While a small proportion of patients with AML in 
CR2 achieve long-term survival if treated with sal-
vage chemotherapy alone, compelling data iden-
tify allo-HSCT as the preferred curative option 
(Gale et al. 1996). Long-term survival rates in the 
region of 30–50% have been reported after both 

transplantation from either a matched sibling or 
MUD (Tauro et al. 2005). Encouraging results are 
also reported in patients transplanted using CBU 
with a good total nucleated cell dose and, more 
recently, haploidentical donors. In patients who 
have achieved a morphological CR2, it is wise to 
proceed immediately to transplant, providing the 
patient is fit and a donor has been identified and 
there is no evidence supporting further courses of 
chemotherapy prior to transplantation.

While a rigorous comparison of MAC and RIC 
regimens has not been performed in fit patients 
under the age of 50, a MAC regimen should prob-
ably be preferred. Retrospective studies have 
demonstrated that auto-HSCT can achieve compa-
rable results to those observed with an allogeneic 
donor in adults with AML associated with a CBF 
abnormality, and this can represent an important 
treatment option in patients with comorbidities 
or in the absence of a well-matched donor (Gorin 
et  al. 2008), particularly if both the patient and 
stem cell graft are MRD negative.

Ten to forty percent of adults with newly diag-
nosed AML fail to achieve a morphological CR 
after two courses of induction chemotherapy 
(Ferguson et al. 2016). Factors determining refrac-
toriness to induction therapy include patient age 
and the presence of an adverse risk karyotype. 
Although recognized as one of the most impor-
tant causes of treatment failure, it is perhaps sur-
prising that there is no consensus definition of 
primary refractory AML (PREF AML). While 
the International Working Group (IWG) and the 
European LeukemiaNet (ELN) define resistant 
disease as persistent leukemic blasts following one 
course of induction chemotherapy in either the PB 
or the BM in a patient alive 7 days or more fol-
lowing treatment (Cheson et al. 2003; Dohner et al. 
2010), most transplant studies instead have classi-
fied PREF AML as a failure to achieve a morpho-
logical CR after two induction courses.

The UK NCRI group recently studied more 
than 8000 patients with the aim of more precisely 
defining a measure of chemo-refractoriness. 
Patients with greater than 15% residual blasts or 
less than a 50% proportional reduction in blast 
count after the first course of induction chemo-
therapy were observed to have similar outcomes 
to patients who fail to achieve a morphological CR 
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after two courses. Such patients were observed to 
possess genuinely chemo-refractory disease with 
long-term survival rates <10% if treated with 
chemotherapy alone (Ferguson et  al. 2016). In 
contrast, patients who fulfilled either definition 
of refractory disease achieved long- term survival 
rates in the region of 25–30% after allo-HSCT.

Evidence that allo-HSCT can deliver long- 
term survival in a significant proportion of 
patients with PREF AML has been accumulating 
over the last decade and represents an important 
advance in management of this sizeable patient 
population for whom no other effective therapy 
exists (Craddock et al. 2011; Todisco et al. 2017; 
Brissot et  al. 2017). Nonetheless outcomes in 
patients allografted for PREF AML remain unsat-
isfactory, and both TRM and disease relapse con-
tinue to represent significant barriers to long-term 
survival. There is also a lack of clarity concern-
ing which patients with PREF AML are the most 
likely to benefit from transplantation. Outcome is 
clearly superior in patients who proceed swiftly 
to transplant after no more than two courses of 
IC, and relapse appears to be lower in those with 
a lower burden of disease at the time of trans-
plantation. Importantly the impact of presentation 
karyotype and genotype on remains undetermined 
although some studies, perhaps unsurprisingly, 
identify worse outcome in patients with a com-
plex karyotype. It is therefore important that fur-
ther studies examining the impact of presentation 
karyotype, mutational status, and pre- transplant 
disease load on outcome after allo-HSCT are pri-
oritized. What is incontrovertible however is that 
adults with high-risk AML should undergo an 
urgent search for sibling and URD at presentation 
so that transplant can be swiftly scheduled if the 
patients are refractory to chemotherapy.

The optimal conditioning regimen in patients 
with PREF AML remains a matter of conjecture. 
While MAC regimens should be preferred in fit 
patients under the age of 50, encouraging results 
have also been reported using the sequential 
FLAMSA regimen which incorporates additional 
tumor debulking, using Ara-C and amsacrine, 
prior to a FLU-based RIC regimen (Schmid et al. 
2006). Importantly this schedule also incorpo-
rates early administration of DLI, at day +120, in 
patients with no evidence of active GVHD.

69.2.3  Strategies to Prevent Disease 
Relapse in Patients 
Allografted for AML

Disease relapse remains the major cause of treat-
ment failure in patients allografted for AML 
(Cornelissen et  al. 2012b). Despite substantial 
progress in reducing the toxicity of allo-HSCT, 
the risk of disease recurrence remains stubbornly 
high, and novel strategies with the potential to 
reduce the risk of disease recurrence are urgently 
required (Craddock et al. 2018). Key to the devel-
opment of effective new interventions is an under-
standing of both the clinical factors determining 
disease relapse and an improved understanding of 
the biology of disease recurrence (Ossenkoppele 
et al. 2016). In addition to the impact of presen-
tation karyotype, next- generation sequencing 
(NGS) studies have identified molecular determi-
nants of disease relapse post  transplant (Lindsley 
et al. 2017). Retrospective studies have also dem-
onstrated that pre- transplant MRD is an impor-
tant predictor of disease relapse after allo-HSCT, 
although confirmation of these data in prospec-
tive trials is still lacking (Walter et al. 2011).

The risk of disease relapse also appears to 
be impacted by the conditioning regimen, and 
retrospective studies consistently demonstrate 
an increased risk of recurrence in patients trans-
planted using a RIC regimen although recent 
prospective randomized trials have yielded con-
flicting data (Fasslrinner et al. 2018; Kroger et al. 
2017; Scott et al. 2017). Finally, the intensity of 
post transplant IS is also a critical factor influenc-
ing relapse risk consistent with the exertion of a 
potent GVL effect in patients allografted for AML 
(Bacigalupo et al. 1991; Craddock et al. 2010).

A number of novel approaches toward 
reducing post transplant relapse are currently 
undergoing evaluation. Firstly, quantitation of 
pre-transplant MRD status, using immunophe-
notypic or molecular methodologies, can iden-
tify patients with a higher risk of relapse and 
has resulted in exploration of approaches which 
reduce the pre-transplant MRD status as a means 
of improving transplant outcome. Pivotal to the 
implementation of such strategies are reproduc-
ible and accurate measurements of pre-transplant 
MRD status, and of note novel NGS technologies 
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with improved sensitivity are emerging (Jongen- 
Lavrencic et al. 2018). Secondly, identification of 
the optimal conditioning regimen remains key to 
optimizing transplant outcome. One of the most 
important considerations in interpretation of 
comparisons of MAC and RIC regimens will be 
whether pre-transplant MRD influences patient 
outcome in a regimen-dependent manner.

Finally, there is increasing interest in the elec-
tive administration of pharmacological agents or 
cellular therapies post transplant. A number of 
agents are currently under evaluation as post trans-
plant maintenance strategies including targeted 
therapies such as Flt3 inhibitors or agents with a 
broader antileukemic activity including demethyl-
ating agents such as AZA or checkpoint inhibitors 
(Craddock et al. 2016; Soiffer et al. 2018). In the 
future it is likely that the choice of maintenance 
strategies will be informed by a greater under-
standing of the biology of disease recurrence. In 
this context it is of interest that a significant num-
ber of patients who relapse post- allograft dem-
onstrate loss or acquisition of candidate driver 
mutations at the time of relapse (Quek et al. 2016).

69.3  Practical Issues in Allo-HSCT 
for AML

Jonathan Canaani, Arnon Nagler

69.3.1  Stem Cell Source  
(See Also Chaps. 14 and 15)

One of the fundamental issues in the initial 
decision- making for transplantation physicians is 
the optimal source for procuring the stem cells 
for transplant. Whereas the initial methodology 
for donor stem cell procurement involved direct 
BM harvesting, the introduction of PBSC mobi-
lization more than two decades ago into routine 
clinical practice has shifted the field toward the 
latter approach. Indeed, it has been estimated that 
PBSC is used in more than 75% of allo-HSCT 
(per National Marrow Donor Program data; 
http://www.marrow.org).

Whether PBSC are preferable to BM har-
vesting as the stem cell source for patients with 

AML is still an open question; however there are 
several noteworthy facts which need to be men-
tioned. In patients receiving grafts from MSD, 
early publications suggested superior engraft-
ment rates in PBSC concomitant to an increased 
risk of acute and chronic GVHD in some of the 
studies (Couban et al. 2002). A phase 3 study was 
conducted by the BMT CTN randomized patients 
with various myeloid malignancies (including 
261 AML patients) to receive PBSC versus BM 
harvested cells from MUD (Anasetti et al. 2012). 
The results of this pivotal study revealed com-
parable rates of survival and relapse between 
both groups with increased rates of graft fail-
ure in the bone marrow group counterbalanced 
by an increased likelihood of chronic GVHD in 
the PBSC group. Two analyses from the EBMT 
and the CIBMTR in the RIC setting also con-
firmed the absence of a survival difference for 
either approach (Nagler et al. 2012; Eapen et al. 
2015). Thus, it seems reasonable to conclude that 
at present both stem cell sources are acceptable 
options to use in AML patients.

69.3.2  Best Donor (See Also Chap. 12)

AML patients referred to transplant are currently 
candidates for several potential donor sources 
including HLA MSD, HLA MUD, UCB grafts, 
and haploidentical donors. Indeed, the rapid 
evolution of the field of HSCT is possibly best 
exemplified by the potential donor pool which 
has expanded from the initial requirement for 
an HLA-matched sibling to include also MUD, 
UCB grafts, and more recently also use of 
 haploidentical donors. While MSD and MUD 
remain the preferred donor source in most clini-
cal settings (Schlenk et  al. 2010), the accumu-
lating experience with UCB and haplo donors 
provides a much-needed donor resource for those 
patients lacking suitable MSD or MUD donors, a 
need especially evident in minority populations.

The original pediatric experience with UCB 
has been successfully translated into adult trans-
plantation protocols both in the RIC and MAC 
settings (Oran et al. 2011). Published data from a 
joint CIBMTR/EBMT retrospective study com-
paring UCB and MUD transplants in over 1500 
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acute leukemia patients suggested equivalent 
LFS rates in both groups (Eapen et al. 2010). Of 
note, UCB patients in this study had higher TRM 
rates but a lower incidence of acute and chronic 
GVHD. Interestingly, an analysis in high-risk AML 
patients who underwent either RIC UCB transplant 
or RIC MSD/MUD revealed that the incidence of 
relapse was more than doubled in the UCB group 
(Devillier et al. 2014), while a CIBMTR/Eurocord 
retrospective study of patients over the age of 50 
showed that UCB transplant is feasible in this age 
group albeit at the price of an increased rate of 
TRM and lower LFS rate (Weisdorf et al. 2014). 
Whether a two- unit UCB transplant is superior to a 
one-unit UCB transplant is not entirely clear at this 
point; however a randomized study conducted in 
pediatric and adolescent patients indicates similar 
survival and relapse rates between both groups in 
addition to improved rates of grade III/IV acute and 
extensive chronic GVHD in those patients receiv-
ing a single unit of UCB (Wagner Jr. et al. 2014).

The inherent benefit in using haplo donors is 
the near-universal availability of several potential 
donors which could be either siblings, parents, or 
children dependent on the patient’s age. The ini-
tial experience with this approach was limited by 
a substantial component of TRM due to the slow 
kinetics of immune reconstitution resulting in 
infectious complications as well as graft rejection 
(Ciurea et  al. 2015). A significant breakthrough 
was realized with the advent of novel IS modula-
tion approaches such as PT-CY-based (Robinson 
et  al. 2016) and ATG-based protocols (Chang 
et al. 2014), which via selective in vivo TCD have 
achieved acceptable rates of engraftment. An 
evolving body of literature suggests comparable 
outcomes between haplo transplantation and trans-
plantation from partially HLA MMUD and possi-
bly MUD and MSD as well (Bashey et al. 2013). 
In conclusion, when available, MSD and 10/10 
HLA MUD remain the first choice for donors. For 
patients lacking MSD/MUD, both UCB and haplo 
donors are reasonable alternative donor sources.

69.3.3  Conditioning (See Also Chap. 13)

The ideal conditioning regimen for patients with 
AML is a yet unsettled question in the field of 

transplantation. Yet, the pivotal point to initially 
consider when deciding on a specific condition-
ing regimen is whether the patient would be eli-
gible to receive MAC or rather RIC. For younger 
(less than 45  years of age for most MAC can-
didates) and fit patients, MAC is the preferred 
choice given its superior antileukemia activity 
shown in previous studies (Martino et al. 2013) 
and especially in light of the recent data pre-
sented by the BMT CTN 0901 trialists underscor-
ing the marked relapse-free survival advantage 
experienced by MAC patients compared to RIC 
patients (67% vs. 47%) (Scott et al. 2017).

From a toxicity standpoint, older patients 
derive the most benefit from RIC resulting in 
more favorable NRM and TRM rates. Notably, 
the incidence of GVHD, late infectious compli-
cations, and CMV reactivation is comparable 
between MAC and RIC, while the incidence of 
acute transplant complications (i.e., SOS/VOD, 
mucositis, IPS, and hemorrhagic cystitis) is more 
common in MAC and provides the advantage 
NRM for RIC (Sengsayadeth et al. 2015).

69.3.4  Graft Versus Host Disease 
Prophylaxis (See Also Chap. 25)

Up to 70% of transplanted patients will experi-
ence acute GVHD to some extent, and these 
patients are at a significant risk of morbidity and 
mortality resulting from this severe inflammatory 
reaction. Thus, from a therapeutic standpoint, 
prophylaxis of acute GVHD is one of the crucial 
intervention points during the process of allo- 
HSCT.  In current practice standard prophylaxis 
regimens for acute GVHD comprise the dual use 
of a CNI, namely, CSA or TAC, added to MTX or 
MMF for the first 180 days following transplan-
tation (Ruutu et  al. 2014). Published data from 
studies conducted two decades ago suggested 
that TAC/MTX was superior to CSA/MTX in 
terms of acute GHVD, however this did not trans-
late into a survival advantage, and in fact the lat-
ter regimen may be more commonly used among 
transplant centers (Nash et  al. 2000). MMF, an 
inosine monophosphate dehydrogenase inhibi-
tor, is not often used in the MAC setting, and 
currently its role is mostly limited to CBT and 
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non- MAC- HSCT.  SIR (rapamycin) was evalu-
ated in several phase I/II with non-heterogeneous 
patient cohorts which limited interpretation of its 
efficacy; however a phase III BMT CTN study 
did not show an improvement in the incidence of 
GVHD over MTX (Cutler et al. 2014).

Whereas the abovementioned therapeutic 
modalities are quite adept at prevention of acute 
GVHD, preventing chronic GVHD is still a major 
challenge with these agents, and thus more spe-
cialized strategies to mitigate GVHD have been 
attempted including TCD accomplished using 
either ex  vivo (via positive selection of CD34- 
positive cells or through negative depletion of 
specific T cell subsets) (Saad and Lamb 2017) or 
in vivo methodologies (by use of TCD drugs such 
as ALEM or ATG). Recent publications from sev-
eral phase III studies clearly demonstrate using 
ATG was beneficial for patients with acute leuke-
mia as well as other hematological malignancies 
(Kroger et al. 2016). Ex vivo TCD is a promis-
ing approach and has been shown to be effective 
for GVHD prophylaxis in smaller trials (Pasquini 
et  al. 2012), although wider application of this 
methodology will require further data.

69.4  Acute Promyelocytic 
Leukemia

Miguel Á. Sanz

69.4.1  Concept and Incidence

APL is a subtype of AML with peculiar clinical 
and morphological characteristics that presents 
a specific genetic alteration, the t (15; 17), with 
its corresponding molecular counterpart, the rear-
rangement PML-RARA, which confer a particular 
sensitivity to all-trans retinoic acid (ATRA) and 
arsenic trioxide (ATO). It also highlights the pres-
ence of a hemorrhagic diathesis associated with a 
peculiar coagulopathy, which causes a high inci-
dence of hemorrhagic complications at presenta-
tion and early during the induction treatment.

APL accounts for 10–15% of AML.

69.4.2  Diagnosis

69.4.2.1  Morphology, 
Immunophenotyping, 
and Other Features

M3 typical  
(hypergranular)

M3 variant 
(microgranular)

Morphology
•  Cytoplasm with dense 

granulation. Frequent 
Auer rods

•  Reniform or bilobed 
nucleus

•  Cytoplasm with fine 
granulation or 
hypogranular. Less 
frequent Auer rods

•  Reniform nucleus, bi- or 
multilobed

Immunophenotyping
HLA-DR–/CD34–/CD33+a/
CD13+b/CD15–/+

HLA-DR±/CD34±/CD33+a/
CD9+/CD2±/CD13+b/
CD56 ±

Other associated features
•  Most frequently, low 

WBC counts
•  Less frequently, BCR3 

isoform

•  Most frequently, high 
WBC counts

•  Most frequently, BCR3 
isoform

aIntense and homogeneous expression
bHeterogeneous expression

69.4.2.2  Genetic Diagnosis

Conventional cytogenetics t(15;17)(q22;q21)

Pros  – Very specific

  –  Detects additional anomalies in 30% (+8 
the most frequent)

Cons  – Low sensitivity (80%)

  –  Inadequate, bad metaphases or normal 
karyotype (false negative) in 20%

FISH PML-RARA

Pros –  Very specific and rapid

Cons –  Not very sensitive and does not provide 
information about the isoform

RT-PCR

Pros –  Very specific, rapid, and sensitive

 –  Identifies the isoform, which allows MRD 
monitoring

Cons –  Occasional artifacts and contaminations
Immunostaining with anti-PML antibody (PG-M3)

Pros –  Very specific, rapid, and cheap

 –  Characteristic microspeckled pattern by 
indirect immunofluorescence

Cons –  Does not provide information about the 
isoform
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69.4.2.3  Other Rearrangements of the RARA Gene on Chromosome 17

Chromosomal abnormality RARA rearrangement
•  t(11;17) (q23;q21)
•  t(17;17) (q21;q21)
•  t(11;17) (q23;q21)
•  t(5;17) (q35;q21)
•  t(11;17) (q13;q21)
•  t(17;17)(q21;q24)
•  t(X;17)(p11;q21
•  t(4;17) (q12;q21)
•  t(2;17) (q32;q21)
•  t(3;17) (q26;q21)
•  t(7;17) (q11;q21)
•  t(1;17) (q42;q21)

•  PLZF/RARA (poorly responsive to ATRA)
•  STAT5b/RARA (poorly responsive to ATRA)
•  KMT2a/RARA (ATRA sensitivity unknown)
•  NPM/RARA (ATRA sensitivity unknown)
•  NuMA1-RARA (ATRA sensitivity unknown)
•  PRKAR1A/RARA (ATRA sensitive)
•  BCOR/RARA (ATRA sensitive in two cases)
•  FIP1L1/RARA (ATRA sensitivity unknown)
•  OBFC2A/RARA (ATRA sensitive in one case)
•  TBLR1/RARA (insensitive to ATRA)
•  GTF2l/RARA (ATRA sensitive)
•  IRF2BP2/RARA (ATRA sensitive)

69.4.3  First-Line Treatment

The European LeukemiaNet (ELN) recommen-
dations in 2009 already recognized the promis-
ing results reported in several non-randomized 
studies using ATRA plus ATO, with or without 
minimal use of chemotherapy, but the standard 
of care was still considered the combination of 
ATRA plus anthracycline-based chemotherapy 
(Sanz et al. 2009). However recent findings have 
led to modify this recommendation.

The long-term results of a non-randomized 
study (Abaza et  al. 2017) and two recently 
reported randomized clinical trials (Lo-Coco 
et  al. 2013; Burnett et  al. 2015), comparing the 
efficacy and safety of ATRA plus ATO versus 
the standard ATRA plus chemotherapy approach, 
strongly support the former combination as the 
new standard of care for patients with low-to- 
intermediate-risk APL with WBC counts lower 
than 10 × 109/L at presentation. Nevertheless, in 
countries where chemotherapy is more affordable 
than ATO, the classical combination of ATRA 
and chemotherapy is still an acceptable option. 
For high-risk patients, however, there are two 
valid options, either ATRA plus chemotherapy or 
ATRA plus ATO with a certain amount of cytore-
ductive chemotherapy, at least during the induc-
tion phase.

HSCT is never indicated in patients in CR1, 
except for the small fraction of patients with per-
sistent RQ-PCR positivity of PML-RARA after 
consolidation (<1%), given the poor prognosis 
of this subset of patients. HSCT is also indicated 

in APL patients who relapse and achieve second 
or subsequent CR.

69.4.4  Salvage Therapy

Apart from patients with MRD positivity at the 
end of consolidation (molecular persistence), there 
is a general agreement that patients with the more 
common molecular or hematological relapse later 
on require immediate additional treatment, includ-
ing HSCT. Salvage treatment should be given to 
attempt to achieve molecular remission as a bridge 
to HSCT. Salvage treatment with ATRA plus ATO 
is recommended when ATRA plus chemotherapy 
has been previously used front-line, whereas 
ATRA plus chemotherapy would be the option 
when front-line therapy was ATRA plus ATO.

The use of gemtuzumab ozogamicin may 
also be considered in both situations, but always 
as a bridge to HSCT.  Based on recent studies, 
(Yanada et  al. 2013; Holter Chakrabarty et  al. 
2014; Lengfelder et al. 2015) auto-HSCT should 
be considered the first choice for eligible patients 
achieving second molecular remission. Patients 
unsuitable for HSCT and those with a very pro-
longed CR1 can be managed with some type of 
continuation therapy which would be chosen tak-
ing into account previous treatments and clinical 
condition.

Allo-HSCT should be reserved for patients 
with high risk of relapse and low risk of TRM 
but also as a second option, for those who relapse 
after an auto-HSCT.
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69.4.5  Indications of HSCT

HSCT is never indicated in patients in CR1, 
except for those patients who do not achieve 
molecular remission at the end of consolidation 
(<1%). Indications of HSCT and other recom-
mendations for patients in whom HSCT is indi-
cated are summarized in Table 69.1.

69.4.6  Main Series Reported on HSCT 
in APL

There are no randomized trials to evaluate the effi-
cacy and safety of the different modalities of HSCT 
in refractory/relapsed APL. The data come mostly 
from retrospective studies comparing historical 
cohorts from registries (Tables 69.2 and 69.3).

Table 69.2 Indications of HSCT in patients with APL

Auto-HSCT Allo-HSCT
Not indicated CR1 in molecular remission CR1 in molecular remission
Indicated ≥CR2, but in molecular remission  –  ≥CR2 with PML-RARA (+) after salvage 

therapy
 –  ≥CR2 if an auto-HSCT has failed previously
 –  ≥CR2 in patients with high risk of relapse 

and low risk of TRM
Salvage therapy as 
a bridge to HSCT

Attempt to achieve molecular remission 
with ATRA plus ATO in patient who 
relapsed after ATRA plus chemotherapy as 
front-line therapy, whereas ATRA plus 
chemotherapy is the option when patients 
relapse after ATRA plus ATO

Attempt to achieve molecular remission with 
ATRA plus ATO in patient who relapsed after 
ATRA plus chemotherapy as front-line therapy, 
whereas ATRA plus chemotherapy is the option 
when patients relapse after ATRA plus ATO

Conditioning 
regimen

Either for use in AML, preferably 
containing HDAC (e.g., BEA  
(Gondo et al. 1997): BU/VP/Ara-C)

Either for use in AML

Cell source Mobilized peripheral blood Mobilized peripheral blood
Indication of CNS 
prophylaxis

ITT with MTX, hydrocortisone, and Ara-C, 
especially in those who presented relapse 
in CNS

ITT with MTX, hydrocortisone, and Ara-C, 
especially in those who presented relapse in CNS

Maintenance 
therapy post-HSCT

Not proven, but conceivable that  
ATO + ATRA may be effective

Not proven, but conceivable that ATO + ATRA 
may be effective

Molecular 
monitoring

Recommended by RQ-PCR at least every 
3 months for 2–3 years

Recommended by RQ-PCR at least every 
3 months for 2–3 years

Table 69.3 Main series reported on HSCT in APL

Group and reference Patients Type of study Main conclusions
European APL Group 
(Thomas et al. 2000)

33 –  Retrospective
–  Inclusion of patients from the 

pre-ATRA era

–  Higher morbidity and TRM with 
allo-HSCT

–  Short follow-up
EBMT  
(Sanz et al. 2007)

332 – Retrospective
 –  Only patients of the pre-ATRA era

–   Higher TRM but lower relapse rate 
with allo-HSCT compared with 
auto-HSCT

–  Similar EFS
Japan Adult Leukemia 
Study Group (Yanada 
et al. 2013)

35 –  Prospective, phase II, multicenter
–   Salvage therapy with ATO+Ida, 

followed by ATO x 2, HDAC, and 
auto-HSCT

–   Outstanding efficacy and feasibility of 
the sequential treatment featuring ATO 
and auto-HSCT for relapsed APL

IBMTR (Holter 
Chakrabarty et al. 2014)

294 –  Retrospective
–   Only patients of the pre-ATRA era

–   Auto-HSCT yields superior OS for 
APL in CR2

ELN registry 
(Lengfelder et al. 2015)

155 –  Retrospective
–   Salvage therapy with ATO±ATRA 

for induction and consolidation 
followed by auto- or allo-HSCT

–   Good but similar results with allo- and 
auto-HSCT

–   Unfavorable prognostic impact of 
PML-RAR positivity at time of HSCT 
even in the allogeneic setting
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