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7.1	 �Introduction

Allogeneic hematopoietic stem cell transplanta-
tion (alloHSCT) is generally considered the most 
effective post-remission therapy in acute myeloid 
leukemia (AML) to prevent disease relapse. The 
efficacy of alloHSCT to treat AML is dependent 
on two factors: (1) high-dose conditioning che-
motherapy and (2) recognition and killing of leu-
kemia cells by the donor immune system, or 
graft-vs-leukemia (GvL) effect. AML is the most 
frequent indication for alloHSCT with over 3000 
transplants performed annually in the USA and 
Canada which appears to be increasing [1]. The 
use of alloHSCT is still limited by several factors 
including donor availability and high rates of 
non-relapse mortality (NRM) compared to non-
transplant strategies. Nevertheless, even with the 
availability of several new agents in AML, 
alloHSCT remains a key part of therapy for many 

AML patients and is more frequently being used 
to treat older patients. We review indications for 
alloHSCT in AML, approach to assessing patient 
fitness, autologous HSCT, conditioning regi-
mens, donor sources, and post-transplant moni-
toring and interventions to prevent relapse.

7.2	 �Allogeneic Stem Cell 
Transplant in First Remission

7.2.1	 �Impact of Genetics

Patients with newly diagnosed AML are assigned 
to a risk group to estimate the probability of 
remission, relapse, and long-term overall survival 
(OS). Risk status is primarily determined through 
genetic testing, incorporating results from cyto-
genetic and somatic mutational testing. 
Estimation of risk of relapse with chemotherapy 
treatment in first complete remission (CR1) is 
essential when considering up-front HSCT. As a 
rule of thumb, alloHSCT reduces the risk of 
relapse by approximately half compared to con-
solidation chemotherapy or autoHSCT [2]. 
Nevertheless, alloHSCT does not abrogate 
genetic and other disease prognostic factors, and 
the probability of cure is still related to these 
characteristics.

Early studies often showed a benefit of HSCT 
in AML patients in CR1 relative to chemotherapy 
consolidation [3]. These studies were limited by 
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a lack of randomization to account for numerous 
confounding factors influencing outcomes in 
transplant and non-transplant groups. Several 
prospective trials have attempted to address this 
using “Genetic Randomization.” In these trials, 
AML patients were assigned to alloHSCT or no 
alloHSCT (chemotherapy consolidation, auto-
transplant, or observation) based on the presence 
of a matched sibling donor. This allows for a less 
biased comparison of the “donor vs. no-donor” 
groups using intention-to-treat (ITT) analysis.

A meta-analysis including 24 prospective tri-
als using genetic randomization to assess the 
impact of alloHSCT in AML patients in CR1 
found improved RFS (HR 0.80, 95% CI 0.74–
0.86) and OS (HR 0.90, 95% CI 0.82–0.97) in 
patients with an available matched related donor 
[4]. In subset analysis, this benefit was only 
observed in patients with intermediate and 
adverse but not favorable risk cytogenetics. 
Based on the calculated HRs, the estimated 
5-year OS in the intermediate and adverse risk 
group was 45% vs. 52% and 20% vs. 31% in no-
donor vs. donor group, respectively. These results 
also have limitations and included trials pub-
lished over a 20-year time span, and supportive 
care for HSCT and AML care has improved over 
time. In addition, not all patients in the donor 
group received alloHSCT which could underesti-
mate the treatment effect of this intervention. 
Despite these limitations, these results support 
the use of alloHSCT in eligible patients with 
intermediate and adverse risk cytogenetics in 
CR1. This meta-analysis did not define prognos-
tic risk using somatic mutations in genes (e.g., 
NPM1, FLT3, and CEPBA) that also inform risk 
assessment. A retrospective analysis by the 
German–Austrian AML Study Group did not find 
a benefit of having an HLA-matched donor in 
patients with normal karyotype and NPM1mut 
without FLT3ITD suggesting that other genetically 
defined favorable risk AML patients also do not 
have an OS benefit from alloHSCT in CR1 [5].

A decision to offer alloHSCT in CR1 depends 
on a balance between the anticipated reduction in 
the risk of relapse and risk of non-relapse mortal-
ity (NRM). In general, most patients within the 
ELN intermediate risk group and all patients in 

the adverse risk group should be considered for 
alloHSCT if eligible and a suitable donor exists. 
Nevertheless, estimated NRM with alloHSCT in 
AML patients is usually at least 20% which must 
be offset by a reduction in the risk of relapse [6]. 
Several groups, including the ELN, have pub-
lished guidelines outlining the balance between 
relapse risk and NRM to consider alloHSCT, and 
adaptation of this is shown in Table 7.1 [2]. This 
type of decision-making framework is useful, but 
an individualized approach is still needed and 
additional considerations include: (1) Patient 
preferences and expectations, (2) additional 
prognostic information from next-generation 
sequencing (NGS) panels, and (3) minimal resid-
ual disease (MRD) testing and other disease 
characteristics.

Given the complexity of estimating prognosis 
in an individual patient, computer-assisted mod-
eling may be an important approach to incorpo-
rate clinical, cytogenetic, and somatic mutational 
data into transplant decision-making. Gerstung 
et al. [7] have reported on a precision-medicine-
based tool developed using large datasets of 
AML patients to support clinical decision mak-
ing (https://cancer.sanger.ac.uk/aml-multistage/). 
This tool estimates relapse, NRM, and OS out-
comes at 3 years using alloHSCT and non-HSCT 
therapy, although its use has not yet been vali-
dated in a clinical setting.

7.2.2	 �Impact of MRD

Minimal or measurable residual disease (MRD) 
testing can also be used to risk stratify patients 
for transplant decision-making. The HOVON-
SAKK group has reported a study investigating 
the prognostic impact of MRD using NGS and 
multiparameter flow cytometry (MFC) [8]. This 
study measured MRD in AML patients in first 
CR/CRi after two cycles of intensive induction 
chemotherapy. The 4-year relapse incidence was 
73.3% for patients in whom both NGS and MFC 
were positive, 52.3% among those who were pos-
itive by NGS only, 49.8% among those who were 
positive by MFC only, and 26.7% for those not 
positive by either technique. The combined use 
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of the two methods was predictive of relapse, 
RFS and OS in multivariate analysis. The study 
found that receipt of alloHSCT was associated 
with lower relapse incidence and better RFS, 
suggesting that patients with positive MRD after 
two cycles of chemotherapy should be consid-
ered for alloHSCT in CR1.

The relative impact of MRD in AML patients 
in CR1 treated with alloHSCT, autologous HSCT 
(autoHSCT) and chemotherapy have also been 

reported in a separate retrospective study of 
HOVON-SAKK trials [9]. MRD, as measured by 
MFC, was “positive” (>0.1%) in ~25% of patients 
and was associated with higher relapse incidence 
(4  years: 54% vs. 32%, p  <  0.001) and OS 
(4 years: 50 vs. 65%, p = 0.002) [9]. Interestingly, 
patients with MRD ≤0.1% and those >0.1% had 
a similar reduction in relapse incidence with 
alloHSCT relative to chemotherapy or autoHSCT 
consolidation, suggesting that GvL is present 

Table 7.1  Factors influencing relapse risk and NRM and transplant decision-making in CR1

ELN risk Genetics
MRD 
considerations Relapse risk HCT-CI

Risk of NRM 
to justify 
AlloHSCT

Chemotherapy AlloHSCT
Good t(8;21)(q22;q22.1); 

RUNX1-RUNX1T1
Inv. (16)(p13.1q22) or 
t(16;16)(p13.1;q22); 
CBFB-MYH11
Mutated NPM1 without 
FLT3-ITD or with 
FLT3-ITDlow
Biallelic mutated CEBPA

<3 log 
reduction of 
CBF transcripts 
or detectable 
NPM1mut after 
first cycle 
consolidation

35–40% 15–20% <1 <10–15%

Intermediate Mutated NPM1 and 
FLT3-ITDhigh
Wild-type NPM1 without 
FLT3-ITD or with 
FLT3-ITDlow (without 
adverse-risk genetic 
lesions)
t(9;11)(p21.3;q23.3); 
MLLT3-KMT2A
Cytogenetic abnormalities 
not classified as favorable 
or adverse

AutoHSCT is 
possible option 
if MRD-ve by 
MFC

50–55% 20–25% ≤3–4 <20–30%

Adverse t(6;9)(p23;q34.1); 
DEK-NUP214
t(v;11q23.3); KMT2A 
rearranged
t(9;22)(q34.1;q11.2); 
BCR-ABL1
Inv. (3)(q21.3q26.2) or 
t(3;3)(q21.3;q26.2); 
GATA2,MECOM(EVI1)
25 or del(5q); 27; 217/
abn(17p)
Complex karyotype, 
monosomal karyotype
Wild-type NPM1 and 
FLT3-ITDhigh
Mutated RUNX1
Mutated ASXL1
Mutated TP53

Unknown 70–>90% 40–50% ≤5 <40%
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regardless of MRD status. In patients with MRD 
<0.1% OS at 4  years was greater in those that 
received chemotherapy or autoHSCT vs. 
alloHSCT (71 vs. 60%), suggesting no benefit 
and possibly harm with alloHSCT in the low-risk 
group. In comparison, in patients with MRD 
>0.1% OS at 4 years was similar (47 vs. 53%).

Mutations in NPM1 are present in approxi-
mately 30% of AML patients, and the prognostic 
value of MRD monitoring of NPM1mut has been 
reported in several studies [10, 11]. A subset 
analysis of the ALFA-0702 trial reported on out-
comes of NPM1mut patients treated with alloHSCT 
or chemotherapy [10]. In this study, NPM1mut was 
measured by RT-qPCR following induction in 
blood and bone marrow samples taken in CR1. A 
<4 log reduction in NPM1mut was associated with 
a higher relapse incidence and poorer OS out-
comes, when compared to those that achieved >4 
log reduction. In patients achieving >4 log reduc-
tion, OS and DFS were similar regardless of 
receipt of alloHSCT, whereas DFS and OS were 
significantly improved in patients receiving 
alloSCT as post-remission therapy with <4 log 
reduction. This is a small retrospective analysis 
but suggests that MRD results can be used to 
select patients for alloHSCT.

Presence of MRD detected immediately prior 
to undergoing alloHSCT also has prognostic sig-
nificance. The Fred Hutchinson Cancer Research 
Center (FHCRC) has reported on MRD testing in 
AML patients (n = 359) undergoing myeloabla-
tive alloHSCT in CR1 or CR2 [12]. MRD was 
assessed on pre-transplant bone marrow samples 
by MFC and was detected in 24% of patients. 
Within this group, twice as many patients had 
adverse cytogenetics and secondary AML.  The 
incidence of relapse at 3 years was 67% and 22% 
(p  <  0.001) in the MRD-positive and -negative 
groups, respectively. In fact, outcomes of the 
MRD-positive group were identical to patients 
with active disease, suggesting that detecting 
MRD by flow cytometry before alloHSCT is 
associated with a poor prognosis. The authors of 
this study did not find a threshold at which MRD 
appeared to confer a worse prognosis.

Not all detectable MRD pre-transplant appears 
to confer an equally poor prognosis. A similar 

study by the FHCRC group measured MRD in 
patients with NPM1mut AML in remission by 
MFC and NGS [13]. The authors reported that 
the NGS methodology was approximately ten-
fold more sensitive than MFC.  Patients in this 
study with detectable MRD by MFC prior to 
alloHSCT had significantly higher relapse inci-
dence and lower RFS. In contrast, patients with 
detectable MRD by NGS alone did not have a 
higher relapse incidence or worse RFS than 
MRD-negative patients, suggesting that prognos-
tic relevance of MRD pre-transplant depends on 
the level of disease and molecular subtype. MRD 
is a useful tool to further refine prognosis, par-
ticularly in favorable and intermediate risk AML 
patients. Nevertheless, the optimal use of MRD 
testing in decision-making around transplant 
requires well-designed prospective studies and 
ideally standardization of testing between 
centers.

7.3	 �Allogeneic Stem Cell 
Transplant Beyond First 
Remission

7.3.1	 �Outcomes Beyond First CR

The prognosis for patients with relapsed or 
refractory (R/R) AML is poor with a chance of 
long-term survival less than 20% [14–16]. This 
may be improved with the availability of new 
treatments; however, alloHSCT remains the main 
curative option for these patients. Factors associ-
ated with improved outcome include younger 
age, favorable risk cytogenetics, late relapse 
(~>1 year), and no prior receipt of alloHSCT. The 
Dutch-Belgian group has reported a simple prog-
nostic score incorporating these four factors 
which divides patients into favorable, intermedi-
ate, and poor risk categories [14]. The 5-year OS 
was reported as 46%, 18%, and 4%, respectively. 
This type of tool is useful in counseling patients; 
however, the majority of this cohort fit into an 
intermediate (24%) or poor risk category (67%).

The majority of R/R AML patients do not 
have durable remissions following reinduction 
chemotherapy or targeted agents and alloHSCT 
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should be considered in eligible patients [17]. 
Nevertheless, outcomes of alloHSCT beyond 
CR1 appear to be poorer, which may relate to 
increased TRM and incidence of relapse. Longer-
term DFS in AML patients undergoing alloHSCT 
in CR2 has been reported to range between 40% 
and 50% [15, 17]. It is important to emphasize 
that the majority of patients with R/R AML do 
not go on to receive alloHSCT, in part due to fail-
ure to achieve a second durable remission. An 
analysis of younger patients treated on MRC tri-
als found that only 37% in first relapse received 
alloHSCT [17]. Survival at 5 years was 44% for 
those treated with alloHSCT and 21% for those 
who did not undergo alloHSCT. Interestingly, in 
subset analyses, patients with favorable risk cyto-
genetics did not have improved 5-year survival 
with allograft (35% (alloHSCT) vs. 44% (no-
alloHSCT)), whereas patients with intermediate 
(47% (alloHSCT) vs. 15% (no-alloHSCT)) and 
poor risk (34% (alloHSCT) vs. 0% (no-
alloHSCT)) cytogenetics did benefit. Despite 
this, we suggest alloHSCT should be offered to 
eligible patients in CR2 or greater regardless of 
cytogenetics [2, 18].

7.3.2	 �Outcomes with Active Disease

Previous studies report the probability of achiev-
ing a CR with intensive chemotherapy in R/R 
AML patients is approximately 50% in younger 
patients and 20–30% in older patients [17, 19]. In 
patients who do not achieve CR, prognosis is 
very poor and alloHSCT with active disease is an 
option for some patients. There have been several 
studies of AML patients with chemo-refractory 
active disease treated with alloHSCT, and the 
longer-term DFS is reported as ~10–30% [20]. 
An EBMT registry-based report of AML patients 
(n  =  852) undergoing myeloablative (MA) 
alloHSCT with active disease between 2000 and 
2012 found a 2-year OS and DFS of 30% and 
25%, respectively [21]. A similar study of 
CIBMTR patients reported outcomes for AML 
patients with active disease undergoing myeloab-
lative alloHSCT from 1995 to 2004 [22]. OS at 
3 years was 19% with the incidence of death at 

100 days post-transplant 39%, primarily related 
to leukemia. This study also included patients 
(19%) who were in first relapse and did not 
undergo reinduction chemotherapy before condi-
tioning, although results were similar in this 
group. Multivariate analysis of baseline factors 
showed that survival was worse with duration of 
remission <6  months, circulating blasts, a mis-
matched unrelated donor, a related donor other 
than an HLA-matched sibling, poor PS 
(Karnofsky or Lansky score less than 90), and 
poor-risk cytogenetics. The authors developed a 
prognostic score based on these factors with four 
categories: 0, 1, 2, ≥3. These categories accounted 
for 13%, 29%, 30%, and 28% of patients, respec-
tively, and 3-year OS in these risk groups was 
42%, 28%, 15%, and 6%, respectively.

These results suggest that some patients with 
active disease can be cured with alloHSCT; how-
ever, the reported outcomes are based on a 
selected group and are not applicable to all 
patients with active disease. AlloHSCT has 
potential for significant harm in this setting and 
risk for significant morbidity related to transplant 
coupled with a low chance of cure, makes this 
type of approach impractical for many centers 
with limited resources. Other treatment options 
including clinical trials, lower intensity therapy 
or best supportive care, and palliative care may 
be a preferred approach in many patients with 
AML and active disease.

7.4	 �Autologous Stem Cell 
Transplant

AutoHSCT is also a potential post remission 
therapy in AML, however is less commonly used 
than alloHSCT.  AutoHSCT relies on high-dose 
conditioning chemotherapy to eradicate residual 
leukemia cells, without the potential for GvL 
effect. There is no GVHD with autoHSCT and 
NRM and longer-term morbidity is lower than 
alloHSCT, making its use appealing in some 
patients including those without a suitable donor. 
Three prospective RCTs comparing autoHSCT 
to chemotherapy consolidation have reported a 
lower relapse incidence with autoHSCT which is 
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shown in Table 7.2 [23–25]. Of these studies, one 
showed a late OS benefit with autoHSCT [24] 
although this was not found in the other studies 
[23, 25]. Retrospective registry analyses show a 
higher relapse incidence with autoHSCT relative 
to alloHSCT using matched sibling, T-cell replete 
haplo-identical sibling and unrelated donors [26–
28]. However, all of these studies showed similar 

long-term OS for both autoHSCT and alloHSCT, 
related to higher NRM in the latter group [26–
28]. One study reported an OS advantage with 
autoHSCT compared to alloHSCT using mis-
matched unrelated donors [28].

Despite evidence of efficacy, treatment of 
AML with autoHSCT is less frequently used in 
the modern era, and in Europe accounts for 

Table 7.2  Selected studies of autologous transplant in AML

Reference Design Patients
Intervention/
comparison Main findings

Vellenga 
et al. 
[23]

RCT AML patients 
in CR1, age 
16–60 years 
following 
induction and 
two cycles 
consolidation, 
not eligible for 
alloHSCT

Randomization to 
third cycle 
consolidation or 
autoHSCT using 
BuCy conditioning

Lower RI with autoHSCT compared to 
chemotherapy consolidation
5-Year RI: 57% (auto) vs. 70% (chemo), 
p = 0.002
5-Year RFS: 38% (auto) vs. 29% (chemo), 
p = 0.065
5-Year OS: 44% (auto) vs. 41% (chemo), 
p = 0.86

Burnett 
et al. 
[24]

RCT AML patients 
in CR1, age 
<55 years, 
following two 
cycle induction 
and one cycle 
consolidation

Randomization to 
fourth cycle 
consolidation alone 
or fourth cycle then 
autoHSCT using 
CyTBI 
conditioning

Lower RI with autoHSCT compared to no 
further treatment (NFT)
5-Year RI: 37% (auto) vs. 58%% (NFT), 
p = 0.0007
5-Year DFS: 54% (auto) vs. 40% (NFT), 
p = 0.04
5-Year OS: 57% (auto) vs. 45% (NFT), 
p = 0.2
NRM 12% (auto) vs. 4% (NFT)

Zittoun 
et al. 
[25]

RCT AML patients 
in CR1, age 
<60 years 
following one 
cycle induction 
and one cycle 
consolidation

Randomization to 
second cycle 
consolidation or 
autoHSCT using 
CyTBI 
conditioning

Lower RI with autoHSCT vs. chemo. 
consolidation
4-Year RI: 57% (chemo) vs. 40.6% (auto)
4-Year DFS: 30% (chemo) vs. 48% (auto), 
p = 0.05
4-Year OS: 46% (chemo) vs. 56% (auto), 
p = 0.43

Gorin 
et al. 
[26]

Retrospective AML EBMT 
registry patients 
with HSCT 
2007–2012 in 
CR1 or CR2

Comparison 
between autoHSCT 
vs. haploidentical 
HSCT

Higher RI with autoHSCT vs. haplo HSCT 
but no OS difference
Improved OS with autoHSCT in 
intermediate-risk karyotype in CR1
3-Year RI: 50 (auto) vs. 27% (allo), 
p < 0.01
3-year NRM: 4% (auto) vs. 25% (allo), 
p < 0.01
3-year LFS: 47% (auto) vs. 48% (allo), 
p = 0.7
3-year OS: 64% (auto) vs. 57% (allo), 
p = 0.12

Keating 
et al. 
[27]

Retrospective AML patients 
from CIBMTR 
with transplant 
1995–2004 in 
CR1

Comparison 
between autoHSCT 
vs. matched sibling 
donor (MSD) 
HSCT

Lower RI and better LFS with MSD HSCT 
vs. autoHSCT but no OS difference
5-Year RI: 46% (auto) vs. 26% (allo)
5-Year LFS: 46% (auto) vs. 57% (allo)
5-Year OS: 54% (auto) vs. 59% (allo-PB) 
vs. 64% (allo-BM)

D. Sanford et al.



117

<10% of transplants in CR1 [1, 29]. This may be 
related to increased donor availability for 
alloHSCT with the use of haploidentical sibling, 
cord, and unrelated donors and perhaps a per-
ceived decrease in NRM over time with 
alloHSCT.  AutoHSCT is also limited by con-
cerns around graft contamination with leukemic 
cells, and historically, there have been many 
attempts to perform graft-purging although the 
impact of this is unclear [30].

It appears that autoHSCT is most effective in 
AML patients with intermediate-risk genetic 
changes [28, 31–33] and recent ELN guidelines 
include autoHSCT as a post-remission therapy 
option for this group [34]. There is evidence that 
MRD can also be used to select patients who will 
benefit from autoHSCT.  The GIMEMA 
AML1310 trial addresses this and performed 
MRD testing by MFC in intermediate-risk 
patients following the first consolidation cycle 
[35]. Patients with negative MRD received con-
solidation with autoHSCT, whereas MRD-
positive patients were preferentially treated with 
alloHSCT.  The results of this study have been 
presented in abstract form and 2-year OS and 
DFS of 78.6% and 61.4% vs. 69.8% and 66.6% 
in the MRD-negative vs. -positive groups, respec-
tively. Outcomes in the intermediate-risk group 
receiving autoHSCT were similar to good-risk 
patients (also treated with autoHSCT), providing 
some evidence for autoHSCT in a selected MRD-
negative group. Further work needs to be done to 
define the role of this therapy, and autoHSCT 
should be included as a post remission option in 
frontline clinical trials in fit patients with inter-
mediate risk and favorable risk disease and nega-
tive MRD.

7.5	 �Assessing Fitness for HSCT

Several models are available to estimate both risk 
of NRM and survival benefit to optimize deci-
sions about a patient suitability for 
HSCT. Historically, age has been used as a selec-
tion criterion for alloHSCT referrals. 
Nevertheless, age alone is a poor prognostic fac-
tor. Reduced intensity conditioning (RIC) has 

extended the use of alloHSCT to older adults and 
patients ineligible for MAC alloHSCT.  This 
necessitates the requirement for objective tools to 
further refine the balance of risk–benefit associ-
ated with HSCT.

7.5.1	 �The HCT-Specific Comorbidity 
Index (HCT-CI)

The HCT-CI was initially developed from the 
Charlson Comorbidity Index (CCI) and is the 
most widely accepted model for the assessment 
of fitness prior to alloHSCT [36]. It was devel-
oped in a cohort of 1055 patients with different 
hematological diseases who received alloHSCT 
after nonmyeloablative (n = 249) or myeloabla-
tive (n  =  761) conditioning. The HCT-CI 
includes 17 comorbidities with each scored 
from 1 to 3 (Table  7.3). In the validation set, 
HCT-CI scores showed higher sensitivity than 
the CCI scores in capturing comorbidities. 
HCT-CI scores of 1–2 and ≥3 were found in 
34% and 28% of patients, while only 10% and 
3% of patients had CCI scores of 1 and ≥2, 
respectively. The HCT-CI scores of 0, 1–2, and 
≥3 showed good discrimination of NRM (14%, 
21%, and 41%) and survival (71%, 60%, and 
34%), respectively.

The prognostic capacity of the HCT-CI has 
been augmented by the addition of age to build a 
composite comorbidity/age index using a dataset 
of 3033 allogeneic HCT recipients [37]. In multi-
variate models, age >40 years has been shown to 
impact NRM as equivalent to a single comorbid-
ity with a score of 1. The composite comorbidity/
age index provides a more accurate estimate of 
biological age, and patients should be evaluated 
with the composite comorbidity/age score, incor-
porating the impact of comorbidities and age, as 
well as disease characteristics for selection of the 
most beneficial transplant strategy. Regardless of 
age, patients with low scores should be consid-
ered for randomized clinical trials or offered 
higher-intensity regimens. An exception is 
patients older than 65 years as there are limited 
data on usage of high-dose regimens beyond this 
age. Likewise, regardless of age, patients with 
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higher scores are more suitable candidates for 
less intense regimens.

The HCT-CI can be further augmented by the 
addition of three markers: ferritin, albumin, and 
platelet count [38]. The prognostic capacity of 
an augmented comorbidity/age index was inves-

tigated among 724 recipients of allogeneic HCT 
from HLA-mismatched (n = 345), haploidenti-
cal (n = 117), and umbilical cord blood (UCB, 
n = 262) grafts between 2000 and 2013. Patients 
with scores of <4 had better survival compared 
to those with scores of ≥4 and received HLA-

Table 7.3  Definitions of comorbidities included in the augmented comorbidity/age index and their corresponding 
scores

Comorbidity Definition Score
HCT-CI
Arrhythmia Any type of arrhythmia that has necessitated the delivery of a specific anti-arrhythmia 

treatment at any time point in the patient’s past medical history
1

Cardiac Coronary artery disease,a congestive heart failure, myocardial infarction, or EF ≤50% 1

Inflammatory 
bowel disease

Crohn’s disease or ulcerative colitis requiring treatment at any time point in patient’s 
past medical history

1

Diabetes Requiring treatment with insulin or oral hypoglycemic agents continuously for 
4 weeks before start of conditioning

1

Cerebrovascular 
disease

Transient ischemic attack or cerebrovascular accident 1

Psychiatric 
disturbance

Any disorder requiring continuous treatments for 4 weeks before start of conditioning 1

Hepatic, mild Chronic hepatitis, bilirubin > ULN to 1.5 × ULN, or AST/ALT > ULN to 2.5 × ULN; 
at least two values of each within 2 or 4 weeks before start of conditioning

1

Obesity Patients with a body mass index >35 kg/m2 for patients older than 18 years or a 
BMI-for-age of ≥95th percentile for patients of ≤18 years of age

1

Infection Requiring antimicrobial treatment starting from before conditioning and continued 
beyond day 0

1

Rheumatologic Requiring specific treatment at any time point in the patient’s past medical history 2
Peptic ulcer Based on prior endoscopic or radiologic diagnosis 2
Moderate/severe 
renal

Serum creatinine >2 mg/dl (at least two values of each within 2 or 4 weeks before 
start of conditioning), on dialysis, or prior renal transplantation

2

Moderate 
pulmonary

Corrected DLco (via Dinakara equation) and/or FEV1 of 66–80% or dyspnea on slight 
activity

2

Prior malignancy Treated at any time point in the patient’s past history, excluding non-melanoma skin 
cancer

3

Heart valve disease Of at least moderate severity, prosthetic valve, or symptomatic mitral valve prolapse 
as detected by echocardiogram

3

Severe pulmonary Corrected DLco (via Dinakara equation) and/or FEV1 ≤65% or dyspnea at rest or 
requiring oxygen

3

Moderate/severe 
hepatic

Liver cirrhosis, bilirubin > 1.5 × ULN, or AST/ALT > 2.5 × ULN; at least two values 
of each within 2 or 4 weeks before start of conditioning

3

Augmented comorbidity/age index: all of the above plus
High ferritin Values ≥2500 as measured the closest prior to start of conditioning 1

Mild 
hypoalbuminemia

Values <3.5–3.0 as measured the closest prior to start of conditioning 1

Moderate 
hypoalbuminemia

Values <3.0 as measured the closest prior to start of conditioning 2

Thrombocytopenia Values <100,000 as measured the closest prior to start of conditioning 1
Age ≥40 years 1

Abbreviations: EF ejection fraction, ULN upper limit of normal, DLco diffusion capacity of carbon monoxide, FEV1 
forced expiratory volume in 1 s
aOne or more vessel-coronary artery stenosis requiring medical treatment, stent, or bypass graft
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mismatched (55% versus 39%, p  <  0.0008), 
HLA-haploidentical (58% versus 38%, 
p  =  0.01), or UCB grafts (67% versus 48%, 
p  =  0.004), respectively. These results support 
the use of comorbidity assessment as a valid 
prognostic tool among the recipients of allo-
HCT from alternative graft sources. Table  7.3 
describes the definitions of the augmented 
comorbidity/age index [39].

The prognostic role of comorbidities has been 
specifically assessed among patients with AML 
(n = 391) or MDS (n = 186) who received either 
nonmyeloablative (n = 125) or high-dose condi-
tioning (n = 452) [40]. In multivariate analyses of 
risk factors, high HCT-CI scores and high disease 
risk were the most significant factors predicting 
NRM (p < 0.0001 and p = 0.004), OS (p < 0.0001 
and p  <  0.0001), and RFS (p  <  0.0001 and 
p < 0.0001), respectively. Therefore, all patients 
were stratified into four risk groups incorporating 
both comorbidities and disease-risk (Table 7.4). 
Rates of 2-year OS were 70% and 78% among 
AML/MDS patients with HCT-CI scores of 0–2 
and low-risk disease following nonmyeloablative 
and high-dose HCT, respectively, and they were 
57% and 51%, respectively, if patients had high-
risk AML/MDS.  Results suggested that AML/
MDS patients with low comorbidity burden are 
candidates for prospective randomized studies to 
determine the role of conditioning intensity. 
Unsurprisingly, patients with higher HCT-CI 
scores (≥3) overall had inferior survivals, in par-
ticular, those with high-risk AML/MDS (OS of 
29% and 24%, respectively). The poor survival 
rates were due to more relapses (49%) among 

nonmyeloablative recipients and more frequent 
NRM (46%) among high-dose recipients 
(Fig.  7.1) [40]. A systematic methodology for 
data acquisition and consistent guidelines for 
comorbidity coding are summarized in a Web-
based calculator (www.hctci.org) [41].

7.5.2	 �The HCT-CI and Disease Risk 
Index

While patient-specific variables have a signifi-
cant impact on NRM, disease-specific variables 
should be also taken into consideration as a pre-
dictor of post-transplant relapse when counseling 
patients regarding the feasibility of alloHSCT. In 
a recent analysis including 942 alloHSCT recipi-
ents with AML/MDS, a novel prognostic model, 
hematopoietic cell transplant-composite risk 
(HCT-CR), was developed and validated by com-
bining the refined disease risk index (DRI-R) and 
comorbidity/age index to prognosticate for out-
comes [42]. The HCT-CR index stratified patients 
into four risk groups: low-risk patients with low/
intermediate DRI-R and comorbidity/age ≤3 
(N  =  272); intermediate-risk patients with low/
intermediate DRI-R and comorbidity/age >3 
(N = 168); high-risk patients with high/very high 
DRI-R and comorbidity/age ≤3 (N = 284); and 
very high-risk patients with high/very high 
DRI-R and comorbidity/age >3 (N  =  184). 
Patients with higher HCT-CR scores had signifi-
cantly worse outcomes compared to those with 
lower scores. The low-risk group, intermediate, 
high, and very high-risk groups had adjusted HR 

Table 7.4  Two-year NRM, relapse, OS, and RFS incidences among nonmyeloablative compared to myeloablative 
patients as stratified into four risk groups based on HCT-CI scores and disease status

Risk groups Patients NRM (%) Relapse (%) OS (%)
RFS 
(%)

Group I (HCT-CI scores 0–2 and 
low-risk diseases)

Myeloablative (n = 138) 11 14 78 75
Nonmyeloablative (n = 28) 4 33 70 63

Group II (HCT-CI scores 0–2 and 
intermediate and high-risk diseases)

Myeloablative (n = 176) 24 34 51 43
Nonmyeloablative (n = 34) 3 42 57 56

Group III (HCT-CI scores ≥3 and 
low-risk diseases)

Myeloablative (n = 52) 32 27 45 41
Nonmyeloablative (n = 19) 27 37 41 36

Group IV (HCT-CI scores ≥3 and 
intermediate and high-risk diseases)

Myeloablative (n = 86) 46 34 24 20
Nonmyeloablative (n = 44) 29 49 29 23
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of 1.37 (p  <  0.04), 2.08 (p  <  0.001), and 2.92 
(p  <  0.001), respectively. The HCT-CR model 
provided better discriminative capacity for OS 
prediction compared with all prior models inde-
pendently, including cytogenetic risk group, 
DRI-R, and comorbidity/age model (C-statistics: 
0.62, 0.55, 0.60, and 0.54, respectively) 
(p < 0.001).

Similar results were demonstrated in another 
recent analysis of 959 alloHSCT recipients 
between 2000 and 2013 at the University of 

Minnesota for hematological malignancies 
(66% with leukemia) [43]. The HCT-CI was 
combined with DRI to produce a composite 
disease risk and HCT comorbidity index 
(DRCI). The new model stratified patients into 
six risk groups with discrete outcomes. Patients 
with very-high risk DRCI had worse 2-year OS 
compared with patients with very low-risk 
DRCI, 34% versus 74%, respectively 
(p < 0.01). In multivariable model adjusted for 
patient age and donor type, the DRCI was an 
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Fig. 7.1  Risk stratification of patients with acute myeloid 
leukemia/myelodysplasia and receiving allogeneic hema-
topoietic cell transplantation (HCT). Group I (gray) 
included HCT-specific comorbidity index (CI) scores 0–2 
plus low disease risk; group II (yellow) included HCT-CI 
scores 0–2 plus intermediate and high disease risks; group 
III (blue) included HCT-CI scores ≥3 plus low disease 

risks; and group IV (red) included HCT-CI scores ≥3 plus 
intermediate and high disease risks. NRM, nonrelapse 
mortality; OS, overall survival; RFS, relapse-free sur-
vival. (From Sorror et  al.: J Clin Oncol Vol. 25, 2007: 
4246–4254. Reprinted with permission. © 2007 American 
Society of Clinical Oncology. All rights reserved)
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independent predictor of overall mortality, 
relapse risk, DFS, and GVHD-free/RFS. These 
results suggest that patient-related factors 
should simultaneously be considered with dis-
ease-specific variables to better risk stratify 
outcomes of patients with AML/MDS under-
going alloHSCT.

7.5.3	 �Comprehensive Geriatric 
Assessment (CGA)

Older patients experience additional age-spe-
cific health vulnerabilities relative to younger 
patients. Unfortunately, performance status 
assessment tools such as KPS and European 
Cooperative Oncology Group performance sta-
tus (ECOG) do not provide a comprehensive 
evaluation of health status. CGA could poten-
tially reveal these vulnerabilities; however, it 
has several domains, and identification of the 
most relevant predictors on outcomes in 
alloHSCT requires further studies. In a recent 
analysis of outcomes of 527 alloHSCT recipi-
ents who were 60  years or older, 40% with 
AML, the incidence of post-transplant delirium 
was strongly associated with pre-transplant fall 
in the preceding year, use of potentially inap-
propriate medications, low platelet count, and 
impaired renal function in multivariate models; 
while age older than 70  years and impaired 
activities of daily living were significantly 
associated with post-transplant fall, both 
assessed at day 100 [44]. Both delirium (HR 
1.66; 95% CI, 1.09–2.52; p  <  0.023) and fall 
(HR 2.14; 95% CI 1.16–3.95; p < 0.026) were 
significantly associated with increased NRM at 
100 days; further fall (HR 1.93; 95% CI 1.18–
3.14; p = 0.016), but not delirium, was signifi-
cantly associated with reduced OS.  Improved 
understanding and identification of the most 
significant predictors of outcomes among CGA 
tools is of prime importance. The majority of 
these variables are potentially targetable with 
preemptive interventions to improve the out-
comes in older patients.

7.5.4	 �Recommended Models

The augmented comorbidity/age index is a rela-
tively simple tool that could be used in the daily 
clinical practice to council patients on potential 
risks of post-transplant NRM. An online calcula-
tor is available to provide the HCT-CI score at 
www.hctci.org. All patients 60  years or older 
should additionally be assessed using domains of 
CGA. This approach aims at revealing potential 
targets for peri-transplant interventions to 
improve outcomes and post-transplant quality of 
life.

7.6	 �Conditioning Regimens 
and Donor Type

7.6.1	 �Conditioning Regimens

Conditioning regimens given prior to alloHSCT 
create immunologic and physical space to 
allow for engraftment and for eradication of 
residual leukemia cells. Therefore, condition-
ing consists of a lymphodepleting component, 
which targets the host lymphoid system and a 
myeloablative component which theoretically 
should target the host stem cells as well as the 
remaining malignant cells. The conditioning 
regimen influences risk of GVHD, TRM, 
relapse incidence, and OS. Nevertheless, there 
is no “one-size fits all” approach to the selec-
tion of a conditioning regimen, which needs to 
be tailored to disease characteristics, patient 
fitness, and comorbidities.

Traditionally, conditioning regimens can be 
classified based on the reversibility of cytopenia 
into myeloablative conditioning (MAC), non-
myeloablative (NMA) and reduced intensity con-
ditioning regimes (RIC). MAC leads to 
irreversible cytopenia and requires stem cell sup-
port. In contrast, NMA protocols cause minimal 
cytopenias and can be given without stem cell 
support but are currently not favored especially in 
AML patients with advanced disease due to high 
relapse rates [45]. RIC is positioned between MA 
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and NMA, causes profound, but not irreversible 
cytopenia which requires stem cell support [46].

Early studies comparing myeloablative CyTBI 
and BuCy regimens suggested that TBI resulted 
in improved survival outcomes with lower relapse 
incidence, TRM, and improved OS [47, 48]. 
These findings have not been confirmed in recent 
registry-based studies, which report equivalent or 
improved outcomes with BuCy compared to 
CyTBI [49, 50]. This may relate to widespread 
use of IV busulfan dosing in modern eras, which 
has more predictable absorption and pharmacoki-
netics with lower toxicity and risk of veno-
occlusive disease (VOD) than oral busulfan used 
in older studies [51, 52]. High-dose TBI regimens 
are infrequently used in AML partly due to the 
long-term toxicities with TBI, such as endocrine 
dysfunction, cataracts, and risk of second 
cancers.

Several strategies may reduce toxicity associ-
ated with MAC regimens including the use of 
pharmaco-kinetic (PK)-guided busulfan dosing, 
avoidance of dual alkylator regimens, and 
treosulfan-based regimens [53–58]. Reduced 
intensity conditioning (RIC) regimens have 
improved the tolerability and safety of alloHSCT 
in older patients and those with comorbidities.

Retrospective studies have found that RIC 
regimens result in lower rates of TRM with a 
higher risk of relapse [59]. Two recent prospec-
tive trials have compared RIC vs. MAC alloHSCT 
in relatively young, fit patients with AML with 
conflicting results. One study by the BMT-CTN 
found a significantly higher relapse incidence 
with RIC regimens with worse OS, and the trial 
was stopped early due to this [60]. In contrast, 
two European trials comparing RIC vs. MAC 
regimens in AML in CR1 found similar OS with 
each regimen [61, 62]. However, differences in 
trial design, donor source, and age adjustment 
make comparisons between these studies 
difficult.

There is also evidence that MAC is less bene-
ficial in AML patients with high-risk disease and 
complex karyotypes [63–67]. With this in mind, 
FLAMSA-RIC, a sequential approach combining 
intensive chemotherapy, RIC, and prophylactic 
donor lymphocyte infusions (DLI) was devel-

oped demonstrating promising results in adverse 
risk AML patients [68–72]. However, to further 
improve and personalize conditioning regimens, 
there is a need to better understand the interaction 
between the microenvironment and disease biol-
ogy. In addition, the potential incorporation of 
targeted agents into conditioning regimes should 
be explored to reduce disease burden and thus 
relapse after alloHSCT.  In general, we suggest 
that fit, younger patients (<65  years) should 
receive MAC regimens although this remains an 
individualized decision based on patient comor-
bidities and estimated risk of NRM.

7.6.2	 �Donor Type

Historically, a graft from an HLA-matched sib-
ling donor (MSD) has been the ideal and in gen-
eral is still the preferred donor choice. There are 
three graft sources for alloHSCT: bone marrow 
(BM), peripheral blood stem cells (PBSC), and 
cord blood (CB). Anasetti et  al. recently com-
pared in a large randomized Phase 3 trial PBSC 
and BM from unrelated donors in patients under-
going alloHSCT [73]. The authors did not detect 
significant survival differences between both 
arms, although the PBSC group had a higher risk 
of cGvHD and lower risk of graft failure. 
Although the trial did not exclusively focus on 
AML patients (~50% of patients), it confirmed 
previous retrospective analyses [74, 75]. In the 
setting of RIC, the positive effect of PBSC on OS 
and LFS was more pronounced as recently shown 
by Savani et al. in a retrospective analysis [76].

Despite PBSC being the main stem cell source 
for HSCT in adults, the use of alternative graft 
sources such as haploidentical donors, mainly 
through the introduction of post-transplant cyclo-
phosphamide (PT-Cy) is increasing [1, 29]. In a 
large retrospective analysis, Ringden et  al. [77] 
compared relapse and survival in AML/ALL 
patients, receiving MSD HSCT to patients that 
received T-cell-replete or T-cell-depleted haploi-
dentical HSCT.  There was no difference in RI 
between recipients of haploidentical and matched 
sibling grafts, but a significantly higher NRM in 
the haploidentical group. Similar to unrelated 
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donors, using PB as graft source for haploidenti-
cal HSCT has been associated with increased 
grade II–IV GvHD, but without a significant 
effect on survival outcomes [78].

Comparing the outcomes of haploidentical 
HSCT with MSD in AML in CR1, Salvatore 
et  al. found that in intermediate-risk AML 
patients receiving a haploidentical graft exhibited 
a less favorable outcome with decreased LFS and 
OS and higher NRM, whereas in adverse-risk 
AML patients, the outcomes were similar [79]. 
Although the use of CB as graft source has been 
decreasing, data from Milano et al. suggest that 
OS is superior in acute leukemia and MDS 
patients receiving CB compared to HLA-
mismatched unrelated donors in the presence of 
MRD [80]. Several reports have shown that CB 
as graft can provide a therapeutic benefit in AML 
patients regardless of age and risk stratification 
[81–84]. There is no clear evidence for superior-
ity of haploidentical grafts vs. HLA-mismatched 
unrelated donors [85]. Therefore, based on the 
available data, MSD remain the first-choice 
donor for AML patients in first remission.

7.6.3	 �Role of T-Cell Depletion

GvHD is one of the leading causes of NRM and 
morbidity after allogeneic HSCT. In addition to 
standard GVHD prophylaxis strategy, in  vivo 
T-cell depletion with antithymocyte globulin 
(ATG) has been developed to reduce the inci-
dence of especially cGvHD.  Multiple random-
ized studies evaluated the use of ATLG (former 
ATG-Fresenius) or thymoglobulin, both pro-
duced from immunized rabbits, for GvHD pro-
phylaxis in patients who underwent alloHSCT 
from unrelated as well as HLA-identical matched 
donors [86–89]. Overall, the use of ATG was 
associated with a lower incidence of cGvHD 
without affecting OS and relapse incidence, sug-
gesting a broader use of ATG for related and 
unrelated donor transplants. Due to its potent 
effect on proliferating T cells as GvHD prophy-
laxis for haploidentical HSCT, PT-Cy has been 
investigated for allogeneic HSCT in the setting of 
matched related and unrelated donors alone or in 

combination with immunosuppressive therapy. 
Initial promising results for PT-Cy for alloHSCT 
with matched related and unrelated donors 
receiving BM as graft as single agent in hemato-
logical malignancies with cGVHD rates <15% 
prompted the further investigation of PT-Cy in 
alloHSCT [90, 91]. PT-Cy as single immunosup-
pressive agent for allo-HSCT with PBSC as graft 
source was associated with severe aGvHD and an 
increased NRM, prompting investigations of 
PT-Cy in combination with other immunosup-
pressive drugs. In fact, the combination of PT-Cy 
with a calcineurin inhibitor enhanced its effect on 
GvHD prophylaxis in particular severe cGvHD 
for PBSC and BM from MSD and MUD, thus 
reducing mortality and improving survival [92–
94]. Although randomized trials are still lacking, 
PT-Cy appears to be a reasonable alternative for 
in  vivo T-cell depletion and may have a cost 
advantage over ATG. A promising approach for 
ex vivo T-cell depletion is αβ T-cell depletion to 
overcome the HLA disparity for patients under-
going haploidentical HSCT as well as HLA-
matched HSCT [95]. However, clinical trials 
comparing αβ T-cell depletion with other immu-
nosuppressive approaches are still absent.

7.7	 �Maintenance Therapy 
and Monitoring for Relapse

7.7.1	 �Maintenance Therapy

Disease relapse remains the most frequent cause 
of death following HSCT, underscoring the need 
for novel approaches with maintenance and pre-
emptive therapies [96]. Hypomethylating agents 
(HMAs) are attractive options for maintenance 
therapy as they can be delivered in the outpatient 
setting and are well tolerated. Maintenance using 
decitabine has been compared in an RCT follow-
ing chemotherapy and does not reduce relapse in 
this setting [97]. Following alloHSCT, HMAs may 
augment GvL through increased expression of 
tumor antigens such as WT1 on leukemic cells 
[98]. In addition, pre-clinical models show that 
HMAs expand regulatory T-cell populations, sug-
gesting they may not increase risk of GVHD [98, 
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99]. Several non-randomized studies have evalu-
ated HMAs post-HSCT [100–103]. These agents 
have acceptable safety and tolerability, although 
the optimal dose appears to be lower than for up-
front treatment [100, 103]. The EFS and OS 
reported in these trials is promising; however a 
prospective, randomized trial is needed to evaluate 
the efficacy of HMAs in the post-HSCT setting.

Targeted therapy, such as tyrosine kinase 
inhibitors, can prevent relapse in Philadelphia 
positive ALL and CML post-HSCT, and targeted 
agents could play a similar role in AML (PMID 
20005967). FLT3-mutated AML is a suitable 
candidate to investigate post-HSCT maintenance 
as relapse remains high despite the availability of 
several FLT3-inhibitors. Promising results using 
sorafenib maintenance in FLT3-positive AML 
have been reported in retrospective studies rela-
tive to historical controls [104, 105]. Recently, 
the results of an RCT by the German/Austrian 
group evaluating sorafenib maintenance was 
reported in abstract form [106]. In this trial, 
patients with FLT3-ITD mutated AML in CR1 or 
beyond were randomized to either placebo or 
sorafenib 400  mg PO BID started day +60 to 
+100 post-HSCT and continued for 24 months. 
The primary endpoint of RFS was 85% vs. 53% 
at 2  years in the sorafenib and placebo group, 
respectively (HR  =  0.39; 95% CI 0.18–0.85; 
p = 0.013). There was a higher rate of relapse in 
the placebo-treated group but no difference in 
NRM between groups. OS was also higher in the 
sorafenib-treated patients (HR  =  0.45; 95% CI 
0.20–0.97, p  =  0.03). The rates of acute and 
chronic GVHD were similar between groups; 
however, it appeared that skin toxicity and elec-
trolyte abnormalities were more frequent with 
sorafenib. This suggests sorafenib maintenance 
can prevent relapse in this group of AML patients, 
and several studies evaluating maintenance ther-
apy using other FLT3-inhibitors are ongoing.

7.7.2	 �Pre-emptive Treatment 
for MRD and Mixed Chimerism

There is growing evidence that pre-emptive treat-
ment for early or low burden disease with immu-

nomodulation and other therapies may prevent 
relapse in AML following HSCT [107–109]. 
Monitoring of chimerism following alloHSCT is 
used to assess risk of disease relapse and graft 
failure. “Full chimerism” refers to a state of com-
plete engraftment of donor cells in the recipient, 
and this is often determined in a specific lineage 
(e.g., lymphoid, CD34+). Chimerism is fre-
quently assessed by monitoring polymorphic 
short-tandem repeats (STR) of <10 nucleotides 
or microsatellite regions. Several other methods 
are possible including FISH for X and Y chromo-
somes in opposite sex donors, qPCR analysis of 
single-nucleotide polymorphisms (SNP), and 
insertion/deletions (Indels) [110]. Multiple stud-
ies have shown that mixed or increasing chime-
rism in lymphoid or CD34+ compartments is 
associated with higher risk of relapse [111–113]. 
The chance of mixed chimerism is increased fol-
lowing RIC regimens and with use of a BM graft; 
however, mixed chimerism at early time points is 
also common following MAC regimens [112]. 
Risk of relapse appears to be lower in patients 
achieving full lymphoid chimerism at early time 
points following both RIC and MAC regimens in 
patients with AML [114].

It is important to emphasize that mixed or 
increasing chimerism is not however synony-
mous with disease relapse, and the timing and 
threshold determine test characteristics [115]. 
This is relevant as treatment of mixed chimerism 
with rapid taper of immunosuppression or donor-
lymphocyte infusion (DLI) can have significant 
toxicity by provoking severe GVHD.  A study 
from by Wong et al. highlights the tradeoff of chi-
merism testing and reported a 100-day T lym-
phoid chimerism threshold of 85% had a high 
specificity (87.5%) but low sensitivity (46.7%) 
for relapse, with positive and negative predictive 
values of 38.9% and 90.6%, respectively. 
Withdrawal of immunosuppression and pre-
emptive DLI are commonly used for mixed chi-
merism, and there is evidence that this reduces 
relapse. A prospective study of pre-emptive DLI 
for mixed chimerism in pediatric AML patients 
found that patients with mixed chimerism had 
lower EFS than those with full chimerism (80% 
vs. 30%, p  <  0.001) [116]. EFS was improved 
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better in patients with mixed chimerism that 
received pre-emptive treatment with withdrawal 
of immunosuppression or DLI (n = 13) than those 
that did not (n = 7), and the 3-year EFS was 46% 
and 0%, respectively.

Treatment with azacitidine may also be 
effective in treating mixed chimerism and pre-
venting relapse. The RELAZA trial used pre-
emptive treatment with azacitidine for mixed 
chimerism or detectable MRD post-HSCT in 
patients with AML and MDS (n = 59) [107]. In 
this study, chimerism was measured using STR 
in CD34+ sorted cells at intervals of 3–4 weeks 
during the first 8 months after HSCT and every 
7–8 weeks from months 8 to 24. Patients with 
chimerism <80% (n  =  20) were eligible for 
treatment with azacitidine and withdrawal of 
immunosuppression, and in this group, 50% 
had an increase of chimerism >80%. 
Nevertheless, 65% (n = 13) of patients entering 
the treatment phase ultimately relapsed with a 
median time of 231 days from the detection of 
MC <80%. In the RELAZA-2 trial by the same 
group, MRD testing was incorporated to iden-
tify AML patients at high risk for relapse fol-
lowing HSCT.  Detection of NPM1mut and 
core-binding factor transcripts by RT-qPCR 
following HSCT has been shown to predict 
relapse [108, 117]. In this trial, CD34+ chime-
rism testing (n = 108) was performed in addi-
tion to MRD testing using RT-qPCR for 
NPM1mut (n  =  77) or fusion transcripts DEK-
NUP214 (n = 1), RUNX1-RUNX1T1 (n = 9), or 
CBFB1-MYH11 (n = 10). Patients were offered 
treatment with azacitidine on the basis of chi-
merism <80% (n  =  19) or MRD positivity 
(n = 34), and 40% had an MRD or chimerism 
response and 19% had stable MRD or chime-
rism. The 1-year OS and PFS was 76 and 42%, 
respectively.

The exact benefit of interventions based on 
chimerism and MRD monitoring is difficult to 
determine given the non-randomized nature of 
these studies. Despite these limitations, pre-
emptive treatment with taper of IST and DLI 
should be considered in patients with mixed or 
increasing chimerism or detectable MRD.  In 
patients deemed to be at high risk of severe 

GVHD with this approach, treatment with azacit-
idine could be an alternative approach to prevent 
or delay relapse.

7.8	 �Conclusion

In conclusion, alloHSCT has an important role in 
the upfront treatment of intermediate and high-
risk AML patients. Patients determined to have a 
high risk for relapse based on MRD testing may 
also benefit from alloHSCT in first remission. 
AutoHSCT is a potential option in patients with 
intermediate-risk AML without detectable 
MRD. Patients with R/R AML should be targeted 
to receive alloHSCT if eligible as this remains the 
primary curative option. Selection of condition-
ing regimens should be individualized; however, 
myeloablative regimens are preferred in fitter, 
younger patients. A formalized assessment of a 
patient’s comorbidities should be performed 
prior to HSCT using a tool such as the HCT-CI or 
augmented HCT-CI to estimate the risk of NRM 
and guide patient discussions and inform man-
agement. Significant work remains to reduce 
NRM with HSCT, and a major obstacle to this 
remains GVHD which appears to be reduced 
with lymphodepletion using ATG and PT-Cy. 
Relapse remains the major cause of death follow-
ing HSCT, and randomized prospective trials are 
needed to investigate the role of maintenance and 
pre-emptive therapy for MRD.
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