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The last decade has seen steadfast progress in drug development in acute myeloid leukemia (AML) which has moved 
progressively towards genomic-based therapy. With these advances, outcomes in AML have improved but remains far 
from satisfactory. One approach towards preventing relapse in AML is to use maintenance therapy in patients, after at-
taining remission. Allogeneic hematopoietic stem cell transplantation (HSCT) is an effective post-remission therapy that 
has been proven to reduce the risk of relapse. However, in patients who are ineligible for HSCT or have a high risk of re-
lapse, other effective measures to prevent relapse are needed. There is also a need for post-HSCT maintenance to reduce 
relapse in high-risk subsets. Over the last 3 decades maintenance therapy in AML has evolved from the use of chemo-
therapeutic agents to more targeted therapies and better modulation of the immune system. Unfortunately, improvements 
in survival outcomes as a result of using these agents have not been consistently demonstrated in clinical trials. To derive 
the optimum benefit from maintenance therapy the time points of therapy initiation need to be defined and therapy must 
be selected precisely with respect to the AML genetics and risk stratification, prior treatment exposure, transplant eligi-
bility, expected toxicity and the patient’s clinical profile and desires. The far-reaching goal is to facilitate patients with 
AML in remission to achieve a normal quality of life while improving remission duration and overall survival. The QUAZAR 
trial was a welcome step towards a safe maintenance drug that is easy to administer and showed survival benefit but 
leaves many open issues for discussion. In this review we will discuss these issues, highlighting the development of AML 
maintenance therapies over the last 3 decades.  
 

Abstract 

Introduction 
The recent evolution of targeted therapeutics in acute 
myeloid leukemia (AML) along with better understanding of 
disease biology and deeper assessment of post-treatment 
measurable residual disease (MRD) have improved out-
comes of patients with this disease.1 However, despite the 
attainment of deep remission in AML, i.e. a MRD-negative 
state, a majority of patients with non-acute promyelocytic 
leukemia AML relapse over time, with approximately 40% 
of MRD-negative patients relapsing within 5 years.2-4 Thus, 
in the absence of ongoing therapy or active immune sur-
veillance, despite attaining significant disease control, pa-
tients with AML are prone to relapse. Traditionally, 
allogeneic hematopoietic stem-cell transplantation (HSCT) 
has been the default approach to potentiate immune sur-
veillance in AML through a graft-versus-leukemia effect. In 
transplant-eligible patients with adverse-risk and inter-

mediate-risk AML, HSCT has led to improved disease-free 
survival (DFS).5 However not all patients are eligible for 
HSCT, and even for those transplanted, relapses occur and 
remain challenging to treat. An alternative option for con-
trolling the undetectable yet residual burden of leukemic 
cells could be through maintenance therapy.  
Maintenance therapy, or administration of a less intensive, 
prolonged therapy after initial intensive induction-consoli-
dation (I-C) chemotherapy has been the standard of care 
in acute lymphoblastic leukemia6 and acute promyelo-
cytic leukemia.7 Multiple studies have explored the utility 
of this approach in patients with AML, and with the recent 
approval of an agent for the first time in this setting, the 
field is continuing to evolve. With further refinement of 
maintenance therapy concepts, including the appropriate 
settings and timing of maintenance therapy, the devel-
opment of well-tolerated and effective agents and/or 
combinations and better definition of the endpoints such 
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as MRD eradication, we are likely to witness more interest 
in incorporating maintenance strategies into treating pa-
tients with AML. The phase III QUAZAR trial comparing 
CC486 (an oral formulation of azacitidine not bioequival-
ent to the parenteral form) to placebo in adult patients (≥ 
55 years) with AML in remission and not candidates for 
immediate HSCT, demonstrated a significantly improved 
overall survival (OS) in the treatment arm, leading to the 
approval of the drug in this setting.8 However, despite the 
initial advantage for median survival in the treatment arm, 
with further follow-up, the desired plateau of sustained 
OS and relapse-free survival (RFS) was not achieved.9 
Several questions do, therefore, remain unanswered, pri-
mary among which are eliciting the true benefit of main-
tenance strategy in patients who complete all planned 
courses of I-C therapy, have MRD-negative remission and 
the impact of subsequent salvage therapies.10 In this re-
view we discuss the advances and controversies sur-
rounding maintenance therapy in AML by exploring its 
need, available results from clinical trials over the last 3 
decades and implications in modern AML therapy. 
 
 

How do we define a maintenance 
therapy? 
With progressive refinement of AML therapy, it is impor-
tant that maintenance therapy be defined with respect to 
its intensity, timepoint of use in the treatment schema, 
and status of disease control. Conventionally, mainten-
ance therapy has been denoted as low-intensity therapy 
given over a relatively long duration after attainment of at 
least morphological disease control.  
Over the past several years, treatment strategies, particu-
larly in older patients with AML, have progressively 
evolved to several effective, low-intensity regimens.11-13 As 
data with these approaches are gaining traction, they will 
likely be evaluated in relatively younger patients for re-
mission induction and consolidation. Thus, therapy inten-
sity alone cannot be used to define a maintenance 
regimen. In patients who receive recurrent cycles of a 
low-intensity regimen, the same regimen is usually con-
tinued after attaining remission, frequently at progress-
ively reduced doses, until disease progression or toxicity. 
At what point are these treatment cycles considered to 
transition from ‘consolidation’ to ‘maintenance’ while 
using the same drugs? Historically maintenance therapy 
trials in AML included agents that were different from 
those used for the initial AML therapy, which were com-
monly conventional chemotherapeutic agents. Thus, the 
differentiation was clear. Recent trials and maintenance 
concepts, especially with low-intensity therapy in AML, 
often use the same regimens in attenuated doses, which 
make this differentiation less distinct.  

As assessment of MRD in AML has become commonplace, 
do we consider maintenance therapy as treatment received 
after attainment of MRD-negative remission or in the set-
ting of persistent MRD – so-called ‘MRD eradication’? How-
ever, with increasingly effective intensive and non-intensive 
regimens, pre-maintenance consolidation treatment after 
remission induction is very often preceded by an MRD-
negative state. Thus, therapy following an MRD-negative 
state cannot be universally deemed to be a maintenance 
regimen. The European LeukemiaNet 2021 consensus 
statement recommends that assessment of MRD (in the 
bone marrow) be ideally done after consolidation therapy 
and cutoffs for different assays (flow cytometry or molecu-
lar methods using polymerase chain reaction or next-gen-
eration sequencing) for both MRD negativity and MRD 
relapse have also been defined.14 Such harmonization of 
MRD timepoints is important in order to choose sub-
sequent treatment strategies; however, most of these rec-
ommendations are geared towards the need for 
consolidative HSCT while the use of maintenance therapy 
for MRD eradication in patients with persistent low-level 
MRD or MRD recurrence remains an unresolved issue. The 
concept of maintenance therapy in patients in MRD-posi-
tive remission could possibly include MRD eradication or 
‘conversion’ from an MRD-positive to negative state. 
Hence, in the absence of defined timepoints for mainten-
ance therapy initiation, as used in clinical trials, the defini-
tion of maintenance therapy in clinical practice is variable, 
often contextual and physician-derived. It depends largely 
on the baseline AML genomics, the depth of remission at-
tained and the possibility of proceeding to a subsequent 
HSCT. Better definition of these time points is important 
for improved understanding of the true benefit of mainten-
ance therapy in clinical trials as well as in retrospective 
data curation. Possible considerations towards this are: 
• In the context of intensive therapy, maintenance therapy 
may include therapy that is administered as a repetitive, 
low-intensity treatment after consolidation therapy and 
with undetectable/stable low-level MRD (e.g., decitabine 
maintenance after fludarabine, cytarabine, granulocyte col-
ony-stimulating factor-based therapy in core-binding factor 
[CBF] AML) 
• For low-intensity remission induction approaches, main-
tenance therapy may include therapy administered after 
attainment of an MRD-negative state or with stable low-
level MRD with at least 50% dose (dose/duration) reduc-
tion of the drugs from the initial therapy, if the same 
agents are used, or at any dose if the therapy is 
altered/reduced to a more targeted regimen (e.g., reduced 
dose azacitidine-venetoclax maintenance after azaciti-
dine-venetoclax induction; gilteritinib maintenance after 
azacitidine-venetoclax-gilteritinib induction) 
• Therapy initiated after HSCT irrespective of MRD status 
(e.g., sorafenib or azacitidine maintenance after HSCT) 
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The need for maintenance therapy in 
acute myeloid leukemia 
All patients with AML are prone to relapse. Although it is 
now possible, using more sophisticated assays, to test for 
the achievement of deeper responses, deleterious residual 
disease below the level of detection (Figure 1), often at the 
leukemic stem cell level, fuels disease relapse.  
The aim of maintenance therapy is to prevent clonal evol-
ution and growth while the immune system is able to 
overcome the burden of residual leukemia cells. In the era 
of conventional chemotherapy, further intensification in I-
C cycles often failed to show any linear improvement in 
survival.15-18 HSCT was associated with better long-term 
survival after such intensive therapy in patients with non-

favorable-risk AML. Most maintenance trials from this 
period failed to show any improvement in OS and often 
fell short of demonstrating benefit in relapse-/leukemia-
/disease-free survival. This is likely due to the lack of 
availability of highly effective, well-tolerated agents with 
different mechanisms of action compared to standard 
cytotoxic chemotherapy.  
Through rational combination regimens with the addition 
of novel drugs, such as venetoclax, we are now able to 
achieve both higher response rates and deeper responses. 
Could the true benefit of maintenance therapy be evident 
at this depth of response? Results from the UK NCRI AML 
16 trial showed that in older patients with AML (>60 years) 
in complete remission (CR) after intensive chemotherapy, 
maintenance with azacitidine led to improvement in 5-

Figure 1. Finding the biological niche for maintenance therapy in acute myeloid leukemia. Finding the right depth of disease 
control for initiating maintenance therapy in acute myeloid leukemia (AML) is important to garner the greatest benefit from this 
approach. In patients with significant measurable residual disease (MRD), maintenance therapy might not lead to durable 
morphological relapse-free survival. The exact cutoff of this MRD is not known but would largely vary based on the AML 
genomics and type of maintenance therapy used. In patients with very low disease burden, often below the level of detection 
by modern MRD assays and thus not quantifiable, the use of maintenance therapy might not lead to significant benefit but add 
to toxicity. In high-risk AML, deep remissions are often difficult with therapy, and short of a hematopoietic stem cell 
transplantation, maintenance therapy with low-level stable MRD can still be beneficial to improve morphological relapse-free 
survival. Dynamic monitoring of MRD to guide the duration and intensity of maintenance therapy in conjunction with the extent 
of toxicity is relevant in clinical practice. MRD: measurable residual disease; PCR: polymerase chain reaction; NGS: next-
generation sequencing. Figure made on BioRender.com
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year OS only in those who were MRD-negative at 10-4 (40% 
vs. 13%) but not in those who were MRD-positive (20% vs. 
23%).19 In the randomized HOVON97 trial comparing aza-
citidine maintenance to observation in older patients (≥60 
years) with newly diagnosed AML after intensive chemo-
therapy, 12-month DFS was superior in the therapy arm 
than in the observation arm (64% vs. 42%), however on a 
multivariate time-to-event regression analysis using base-
line disease risk, CR or CR with incomplete count (CRi) re-
covery etc. as variables, only the presence of a platelet 
count ≥100x109/L (equated to CR) at initiation of mainten-
ance therapy stood out as a significant factor for improved 
DFS.20 Although MRD data were not available from this 
trial, CR could reflect a superior disease control state over 
that indicated by CRi; this again highlights that the real 
benefit of maintenance therapy with parenteral azacitidine 
may be accrued in those who have prior better disease 
control. In the landmark QUAZAR trial, patients in the 
treatment (CC-486) arm showed a statistically significant 
improvement in OS (24.7 vs. 14.8 months) in the whole 
population.8 However, in an exploratory analysis, the 2-
year OS benefit of CC-486 over observation was signifi-
cant in the MRD-positive subgroups rather than in the 
negative group, although again the improvement was more 
significant for patients in CR than CRi. Randomized trials 
stratifying patients based on their disease status at the 
time of AML maintenance, genomics and prior therapy ex-
posure are needed to understand the population in which 
maintenance therapy is expected to work best.  
Lastly, whether maintenance therapy reduces the effec-
tiveness of salvage at relapse is unknown and might 

possibly depend on the type of regimens used. If so, im-
proving first remission duration with maintenance therapy 
might not lead to an OS benefit (Figure 2). This needs to 
be explored through clinical trials by assessing the re-
sponse to salvage regimens in patients who relapse after 
a significant duration of maintenance therapy.   

An ideal maintenance regimen 
Though an ideal maintenance regimen should suppress 
the evolution of the relapse-prone residual leukemic cells, 
this should not lead to additional therapy-related genomic 
instability. Secondly, the regimen should not lead to a sig-
nificant additional toxicity burden to the patient through 
an increased risk of infections, need for recurrent trans-
fusions and overall poor quality of life. This is supremely 
important because these regimens are being advocated in 
patients who are already in remission (often with good 
blood counts). Despite the general safety of hypomethyl-
ating agents (HMA) as maintenance therapy, these drugs 
can still cause cytopenia, which can increase risks of in-
fection and need for transfusions, especially when they 
are combined with agents such as venetoclax. When used 
as maintenance therapy after HSCT, immunomodulatory 
drugs such as lenalidomide have been shown to increase 
risks of graft-versus-host disease (GvHD), significantly, while 
immune checkpoint inhibitors can also lead to immune 
toxicities such as autoimmune hepatitis and colitis. Thirdly, 
the regimen should be easy to administer and require less 
frequent monitoring and hospital visits. In reference to 

Figure 2. Impact of maintenance therapy on survival in acute myeloid leukemia. Several clinical trials with maintenance therapy 
in acute myeloid leukemia (AML) have shown benefits in relapse-free survival (RFS), but overall survival (OS) benefits have been 
reported exceedingly rarely. Maintenance therapy by virtue of suppressing the residual disease clone can improve the duration 
of morphological RFS. However, the effectiveness of salvage regimens in post-maintenance therapy relapse settings needs to be 
studied. Prolonged exposure to maintenance regimens in some patients can make the AML more resistant through increased 
subclonal heterogeneity under therapy pressure, especially if the maintenance therapy is not able to diminish the residual 
leukemia clones to significant depths. This might make the likelihood of response to subsequent salvage therapy low. Thus, OS 
might not increase proportionally to RFS with maintenance therapy. In randomized clinical trials with maintenance therapy, 
response to salvage therapy and survival outcomes of patients after relapse in both maintenance therapy arms, and observation 
arms should be detailed for better understanding of these dynamics. CR1: first complete remission; RFS: relapse-free survival; 
OS: overall survival. Figure made on BioRender.com
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maintenance regimens advocated after HSCT, they should 
not increase risks of GvHD, counter the important graft-ver-
sus-leukemia effect, cause graft suppression, or interfere 
with post-transplant immunosuppressive medications.   
Although monotherapy against targetable mutations (es-
pecially if they are persistent at the time of starting main-
tenance therapy) would appear as the most suitable 
option (e.g., FLT3/IDH inhibitors), they can fuel the risk of 
clonal escape and relapse under treatment pressure. Con-
sidering the subclonal heterogeneity of AML, combinations 
such as HMA plus venetoclax or other targeted agents may 
be better maintenance options given their broader mech-
anism of action. There are no available comparative data, 
but it will be important to evaluate and compare the po-
tency and toxicity of these regimens as maintenance ther-
apy. The choice could be made easier in patients without 
targetable mutations or in those in whom the mutations 
by themselves are known to drive relapse (e.g., FLT3-ITD). 
 
  

The evolution of maintenance  
therapy in acute myeloid leukemia 
The clinical development of maintenance therapy in AML 
has traversed from harnessing the immune system 
through the use of interleukins, interferon (and donor lym-
phocyte infusion in the post-HSCT setting), immunomodu-
latory agents such as lenalidomide to low-intensity 
chemotherapy, HMA, and now to the present use of tar-
geted therapies or adoptive cellular therapy (Table 1).  
 
 

Non-allogeneic stem cell 
transplanted-directed maintenance 

Chemotherapy 
The earliest studies of maintenance therapy in AML used 
low-intensity chemotherapy in different combinations 
after intensive I-C regimens, without much success. In 
1984, Sauter and colleagues were the first to report on the 
lack of efficacy of adding relatively low doses of cytarabine 
(100 mg/m2 for 5 days per cycle repeated every 8 weeks) 
to 6-thioguanine alternating with prednisone and vincris-
tine for 2 years in patients in remission after intensive 
chemotherapy (vs. observation). Both groups had a median 
remission period of 18 months and survival of 30 months.21 
Shortly after, the German AML Cooperative Group pub-
lished the results of their frontline AML study (2 clinical 
trials) showing improved continuous remission duration 
but not OS in the cohort randomized to maintenance (al-
ternating low-dose cytarabine + daunorubicin, low-dose 
cytarabine + 6-thioguanine, and low-dose cytarabine + 
cyclophosphamide) over observation after intensive 

chemotherapy.22 The Eastern Cooperative Oncology Group 
study, in which patients with AML in second relapse or 
later, or with refractory disease and attaining remission 
with intensive salvage chemotherapy were randomized to 
treatment with low-dose cytarabine (10 mg/m2 twice a day 
for 21 days each cycle repeated every 2 months until dis-
ease relapse) or observation showed that patients in the 
therapy arm had statistically improved DFS (7.7 vs. 3.3 
months) but not OS.23 
A few other trials also using a chemotherapy-based main-
tenance approach failed to show any meaningful improve-
ment in survival outcomes. The Southwest Leukemia 
Group, in a small study, failed to show improvements in RFS 
and OS with 6-thioguanine, etoposide and CCNU-based 
maintenance.24 The EORTC-HOVON trial showed an im-
provement in DFS but not OS with low-dose cytarabine 
maintenance compared to observation at remission after 
intensive therapy but the actual figures were still dismal (4-
year DFS: 13% vs. 7%).25 In the LAME 89/91 study of pediatric 
patients with AML, DFS was similar in the maintenance (18 
months of monthly low-dose cytarabine 25 mg/m2 twice a 
day for 4 days and continuous 6-methylprednisone) and 
observation groups while OS was inferior in the mainten-
ance arm.26 Given the long-term poor OS (with or without 
maintenance therapy) with such chemotherapy-based ap-
proaches in non-HSCT patients from an era without MRD 
assessment in AML, the applicability of these data to mod-
ern day AML therapy is low and thus chemotherapy-based 
maintenance in AML is not routinely practised.   

Immune adjuvants 
HSCT led to improvements in RFS and OS in patients with 
AML transplanted in remission, underpinning the impor-
tance of potent immune surveillance in preventing re-
lapse. Interleukin-2 was the forerunner in this aspect with 
several studies looking into its potential utility as a main-
tenance agent. Biologically, interleukin-2 is a potent acti-
vator of cytotoxic T cells and natural killer cells;27-33 

however, multiple well-designed clinical trials from the 
late 1990s to 2010 failed to show a benefit in leukemia-
free survival (LFS) or OS with interleukin-2 as mainten-
ance therapy in children, adults or older patients with 
AML.34-39 The last in this series was the relatively recently 
published report of the ELAM02 randomized controlled 
trial in childhood AML in which patients in remission and 
not undergoing HSCT after intensive I-C therapy were ran-
domized to receive interleukin-2 or remain under obser-
vation; there was no improvement in DFS or OS with the 
use of interleukin-2.40 Two separate meta-analyses 
showed the futility of interleukin maintenance over ob-
servation on DFS and OS; one was an analysis of patient-
level data from adults with AML in five randomized 
controlled trials (905 patients)41 while the other analysis 
concerned 1,426 pediatric and adult patients.42  
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To develop this concept further, histamine di-hydrochlor-
ide was added to interleukin-2, in an attempt to reduce 
the paracrine effect of leukemic cell-derived reactive 
oxygen species (through the action of the histamine di-
hydrochloride on leukemic cells),43 which inhibit the ac-
tivity of T and natural killer cells.44,45 In the first large trial, 
reported by Brune and colleagues, comparing this com-
bination as a maintenance regimen to observation in 320 
adult patients with AML, interleukin-2 + histamine di-
hydrochloride was associated with improved LFS (2-year 
LFS: 41% vs. 29%) but no difference in OS (leading to Euro-
pean Medicines Agency approval of this combination for 
maintenance in AML).46 Further mature data with this 
combination as a maintenance regimen in AML are lacking.  
Not surprisingly, Interferon-α has also been studied as a 
maintenance drug in AML; two randomized clinical trials, 
one from Finland by Palva and colleagues and the other 
from the UK (MRC AML11 trial), failed to show a beneficial 
effect of interferon-α maintenance on DFS or OS.47 In a 
more recent report from China, the use of interferon-α 
maintenance for 12-18 months led to improved 4-year RFS 
(87% vs. 56%) and OS (94% vs. 76%) when compared to a 
retrospective cohort who had received similar I-C therapy 
but no interferon-α maintenance.48 Interferon-α is not, 
however, a well-tolerated drug and has not been further 
investigated in this setting.  
Lenalidomide is a potent immunomodulatory drug and is 
a widely established maintenance agent in multiple mye-
loma.49 A single-arm study from the MD Anderson Cancer 
Center (MDACC), studied lenalidomide maintenance for up 
to 24 months in patients with high-risk AML in first or sub-
sequent CR and not eligible for HSCT.50 Over a third of pa-
tients were able to complete all 24 cycles and the 2-year 
RFS and OS were 50% and 63%. Of note, 25% of patients 
had an adverse-risk mutational profile, 21% had adverse 
cytogenetics and 54% had MRD at the time of starting le-
nalidomide. In a study by the HOVON-SAKK group lenali-
domide as maintenance did not improve RFS; however, 
the initial therapy was variable including some patients 
who had received an autologous SCT and the numbers of 
patients at the time of randomization to maintenance ver-
sus observation were small.51 In a small, phase I study of 
16 patients, six cycles of maintenance lenalidomide, given 
for 21 days of each of the 28-day cycles, started 6-10 
months after HSCT for high-risk myelodysplastic syn-
drome (MDS) or AML, resulted in a 2-year RFS of 80%; 
seven patients developed GvHD (dose-limiting in 2 
cases).52 The LENAMAINT trial (NCT00720850) that was de-
signed to test lenalidomide as maintenance therapy after 
HSCT in patients with del5q or monosomy 5 AML/MDS was 
terminated due to slow recruitment and possible in-
creased GvHD. Thus, unlike in multiple myeloma, lenali-
domide has failed to be a prominent maintenance agent 
in AML. However, in view of the initial promising data as a 

single agent, revisiting lenalidomide in combinations or 
other strategies may be considered. 
In the realm of immune activation, immune checkpoint in-
hibitors have shown promising results in Hodgkin lym-
phoma,53,54 Richter syndrome55 and in several 
non-hematologic malignancies.56,57 Immune checkpoint in-
hibitors, by blocking PD1, PDL1, and CTLA4 (the immune 
checkpoints), are able to reverse immune cell exhaustion 
in malignancy and lead to death of cancer cells.58  
In a single-arm phase II study of nivolumab maintenance 
in patients with high-risk AML in CR/CRi not eligible for 
HSCT, 15 patients were treated with nivolumab at a dose 
of 3 mg/kg every 2 weeks (every 4 weeks after cycle 6 and 
every 3 months after cycle 12) until disease relapse.59 At a 
median follow-up of 30 months, the median RFS was 8.5 
months and the median OS had not been reached. In the 
recent update of the REMAIN trial, nivolumab (3 mg/kg IV 
every 2 weeks for 46 doses), when compared to observa-
tion in 79 patients with AML not eligible for HSCT, did not 
lead to improved RFS (2-year RFS 30% in both arms) or 
OS (2-year OS 60% vs. 53%), but caused a significantly 
higher burden of adverse events.60  
Significant post-HSCT immune toxicities have been re-
ported in patients who have proceeded to transplant after 
nivolumab maintenance/therapy for AML.61,62 In the front-
line trial of nivolumab added to high-dose cytarabine and 
idarubicin in 44 patients with AML, serious acute GvHD 
was seen in 5/19 patients who proceeded to HSCT.63 
Despite significant insights into harnessing the immune 
system to treat and maintain remission in cancer, apart 
from HSCT, immune-based therapy has been largely dis-
appointing in AML. Better understanding of the immune 
milieu, and further insights into immune function, for 
example through quantification of PD1-expressing cells in 
the bone marrow,63 might help to identify patients who 
could benefit from an immune checkpoint inhibitor ap-
proach. Recent data have shown quite conclusively that a 
higher ratio of baseline T cells to myeloid leukemia cells 
is fundamental for subsequent response to immune 
checkpoint inhibitor-based therapy.64 Thus, adequate 
clearance of leukemic cells before administering immune 
checkpoint inhibitors is essential for improving the activity 
of these inhibitors as a maintenance therapy. Furthermore, 
unlike the situation in solid organ malignancies, in which 
the PD1/PDL1 axis is more pertinent, immune cell exhaus-
tion in AML could be mediated through upregulation of 
other proteins such as TIM3 on CD4 and CD8 T cells and 
CD47 on AML cells (preventing macrophage activity), which 
are being actively studied as therapeutic targets in 
AML.65,66  

Epigenetic modifiers: hypomethylating agents 
HMA (azacitidine and decitabine) alone or in combination 
with other agents have been the cornerstone of modern 
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maintenance strategies in AML. The safety and tolerability 
of HMA, as well as the wide experience of physicians with 
them, have made them well suited as potential agents for 
maintenance in AML.  
The first in the series of randomized controlled trials with 
HMA maintenance was reported by the MDACC in 2012. 
Decitabine at a dose of 20 mg/m2 for 5 days every 4-8 
weeks for 12 cycles (n=20) was compared to observation 
(n=6)/low-dose cytarabine (n=9)/intensive chemotherapy 
(n=10) in adult patients with AML in remission; at a median 
follow-up of 45 months, no difference in event-free sur-
vival (EFS) (32% vs. 35%) or OS (36% vs. 45%) was found 
between the two groups.67 The single-arm CALGB 10503 
study using decitabine maintenance in patients <60 years 
who were in first CR but were not proceeding to HSCT did 
not show any improvement in EFS or OS compared to 
their historical controls.68  
The UK NCRI reported on the data of their AML16 trial in 
2015 (described earlier) and for the first time showed an 
OS benefit with HMA in an exploratory cohort of MRD-
negative patients randomized to the azacitidine mainten-
ance arm (75 mg/m2/day for 5 days every 6 weeks for 9 
cycles) compared to observation (5-year OS: 40% vs. 13%), 
but not in the whole cohort (5-year OS vs. 24% vs. 20%).19 

In 2019, the HOVON group reported the findings of another 
phase III randomized controlled trial of azacitidine (50 
mg/m2 for 5 days, every 4 weeks for a maximum of 12 
cycles) compared to observation in 112 patients ≥60 years 
with AML/MDS-excess blasts in CR/CRi after intensive 
therapy. The study showed that DFS was significantly im-
proved in the therapy arm (12-month DFS: 64% vs. 42%; 
P=0.04) with no difference in OS (12-month OS: 84% vs. 
70%; P=0.69).20 The ECOG-ACRIN E2906 study randomized 
120 patients ≥60 years with AML in remission to decitabine 
(20 mg/m2 for 3 days each 4-week cycle for 1 year) or ob-
servation after intensive therapy. At a median follow-up of 
50 months after the start of induction therapy, patients in 
the decitabine arm had better DFS (15.3 vs. 8.2 months; 
P=0.12) and OS (25.8 vs. 19.5 months; P=0.06) but the dif-
ference failed to reach statistical significance; notably, in 
the subgroup of patients with FLT3-ITD-negative disease 
(88% of tested patients, n=84/96), the median OS was sig-
nificantly better in the decitabine arm (38.2 vs. 25.2 
months; P=0.039).69 Importantly, in all the above studies 
HMA maintenance was well-tolerated.  
Possibly, the most important trial with HMA maintenance 
is the QUAZAR AML-001 trial.8 Administration of CC-486 at 
a dose of 300 mg/day for 14 days every 28-day cycle until 
progression produced an improvement in OS compared to 
that achieved with observation (24.7 vs. 14.8 months) at 
around 12 months of follow-up. However, some issues 
arose from analysis of the trial: (i) site-wise data assess-
ment showed that the benefit was insignificant in North 
American study sites compared to European ones; (ii) pa-

tients who had received consolidation therapy had statis-
tically inferior reduction in hazards of death compared to 
those who did not receive any consolidation; (iii) the ma-
jority of the patients (68%) had received no or only one 
cycle of consolidation therapy prior to CC-486 mainten-
ance therapy; (iv) the study included a small proportion of 
patients with active disease who are not poised to benefit 
from a maintenance therapy approach; and (v) the dur-
ation of maintenance therapy was not defined and some 
patients with morphological progression on trial had a 
dose increment of the drug. Nonetheless, the trial did 
show a statistically significant improvement in OS in the 
overall population with CC-486 maintenance, which had 
not occurred in the majority of prior maintenance studies 
with other agents.  
Despite the relatively favorable outcomes in CBF-AML, 
long-term LFS still remains at 50-60%.70 However, through 
precise disease-specific quantitative polymerase chain re-
action transcript-based MRD assessment, pre-emptive 
therapy can be given to prevent morphological relapse.71 
In the CALGB 10503 trial described above, a sizeable per-
centage of patients (34%) had CBF-AML, and even in them, 
non-MRD-directed decitabine maintenance did not seem 
to improve DFS or OS.68 In a single-arm study from the 
MDACC of 31 patients with CBF-AML treated with fludara-
bine-high-dose cytarabine-based intensive I-C regimens, 
decitabine was administered as a maintenance agent in 
those who had persistent MRD positivity by polymerase 
chain reaction analysis and/or had failed to receive all the 
planned cycles of consolidation therapy. Among 23 pa-
tients with MRD at the initiation of maintenance, 12 (52%) 
attained complete molecular response with a median 
molecular RFS of 93 months; for all the patients who at-
tained or maintained a complete molecular response 
(n=20) the median molecular RFS was 94 months.72 
Further trials with MRD-based HMA maintenance in CBF-
AML are required to better understand the benefit of this 
strategy.  
 
Combinations with hypomethylating agents 
Venetoclax combined with azacitidine is being studied for 
maintenance of remission in non-HSCT and post-HSCT 
settings. In the first-of-its-kind trial from the MDACC, the 
venetoclax (400 mg on days 1-14) - azacitidine (50 mg/m2  
on days 1-5) regimen given every 28 days for up to 24 
cycles was studied in patients ≥18 years of age not im-
mediately eligible for HSCT and in CR/CRi following two or 
more cycles of intensive chemotherapy or following low-
intensity therapy.73 In the last updated report of this 
single-arm trial (median follow-up: 13 months), among 34 
patients, 25 after intensive therapy and nine after low-in-
tensity therapy, 12-month RFS rates were 70% and 58%, 
respectively, and there were no deaths in remission.  
The VIALE-M (NCT04102020) is a phase III randomized 
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controlled trial designed to compare the maintenance 
combination of CC-486 and venetoclax to observation in 
adult patients with AML in CR/CRi after intensive therapy 
and ineligible for HSCT with a primary aim of RFS benefit.74 

The randomization will be stratified based on age, cyto-
genetic risk and MRD at maintenance therapy initiation, 
which will likely add to the existing knowledge of efficacy 
of maintenance therapy in different settings. 
In the post-HSCT setting venetoclax (100 mg days 1-7, later 
amended to 50 mg with concomitant posaconazole) - 
azacitidine (32 mg/m2 days 1-5) every 28 days as mainten-
ance was studied in 30 patients (27 with AML and 3 with 
T-cell acute lymphoblastic leukemia) from an ongoing 
phase II trial. At a median follow-up of 9 months, 12-
month RFS and OS were 69% and 90%, respectively. Sep-
arate data for the AML cohort were not reported.75 
Cytopenia was significant with 30% of patients requiring 
venetoclax dose modifications; however, there was only 
one graft failure. In another study from China in patients 
with high-risk MDS/AML, low-dose decitabine (15 mg/m2 
for 3 days) and venetoclax (200 mg for 21 days) repeated 
every 2 months for ten cycles from day +100 after HSCT 
resulted in a 2-year EFS and OS of 85%. The regimen was 
reasonably well tolerated with no greater than grade 3 ad-
verse events.76  
An azacitidine plus lenalidomide combination has been 
studied as maintenance therapy in high-risk AML patients 
and showed acceptable tolerability but not efficacy.77-79 In 
the GOELAMS group trial that included 117 high-risk AML 
patients, azacitidine was alternated with lenalidomide for 
a total of 12 cycles; 65 patients who reached CR after in-
tensive chemotherapy received the combination which led 
to a median remission duration of 7 months and 2-year 
OS of 21% for the whole group.78 In another study from 
Australia, the drugs were given in combination to 60 pa-
tients with high-risk AML in first or second CR; the median 
RFS was approximately 12 months.79   
With more widespread incorporation of venetoclax into 
frontline intensive and low-intensity therapy algorithms 
for AML it remains to be studied whether further main-
tenance therapy containing venetoclax beyond remission 
induction is of potential benefit to prolong LFS. Another 
question is whether venetoclax should be used as part of 
maintenance or reserved for salvage therapy at relapse. 
However, considering the relatively lower efficacy of vene-
toclax in the relapse setting, the former approach may be 
more desirable.  

Targeted therapy 
The first in the sequence of trials on targeted therapy was 
the SWOG S0106 trial, reported in 2013, which failed to 
show any benefit from post-consolidation gemtuzumab 
ozogamicin (an anti-CD33 antibody-drug conjugate) as 
maintenance therapy versus observation.80 

FLT3 inhibitors 
The SORAML study, conducted in adult patients with AML 
irrespective of FLT3 status, was the first to compare the 
addition of sorafenib (400 mg twice daily) to intensive I-C 
chemotherapy or the same therapy plus placebo followed 
by maintenance sorafenib or placebo for 12 months. The 
trial showed an improvement in EFS in the sorafenib arm 
(3-year EFS: 40% vs. 22%) but no difference in OS.81 How-
ever, the trial was not powered to study specifically the 
impact of sorafenib maintenance.  
The landmark phase III RATIFY trial evaluated the addition 
of midostaurin or placebo to intensive I-C therapy fol-
lowed by maintenance (50 mg twice a day for 12 cycles of 
28 days each) in 717 adult patients with FLT3-mutated, 
newly diagnosed AML.82 Patients in the midostaurin arm 
had a superior 4-year EFS (28.2% vs. 20.6%) and OS (51.4% 
vs. 44.3%), when not censored for SCT, leading to approval 
of the drug as an add-on to intensive I-C therapy by the 
US Food and Drug Administration, but not for mainten-
ance. Indeed, the trial was not powered to assess the ef-
ficacy of the drug as a maintenance agent and no 
randomization was done at the time of maintenance. In a 
post-hoc landmark analysis to understand the impact on 
survival, both during maintenance and at 1 year after the 
end of maintenance, DFS (75% vs. 91%) was not different 
between the midostaurin and placebo arms.83 In a con-
current phase II trial in adult patients with FLT3-ITD AML, 
conducted by Schlenk and colleagues from the German-
Austrian AML group, midostaurin was added during inten-
sive I-C and continued as maintenance (50 mg twice daily 
for 1 year) after chemotherapy or HSCT. Overall, 34% of the 
284 patients proceeded to midostaurin maintenance; the 
2-year EFS and OS were 34-39% and 46-53% in the older 
and younger patients, respectively. Among the patients 
who proceeded to HSCT in first remission and were event-
free by day 100, a landmark analysis showed superior EFS 
and OS in those who started midostaurin within 100 days 
of transplant (n=71) than in those who did not receive 
maintenance (n=45).84 
The phase III ADMIRAL trial led to the approval of gilteriti-
nib as monotherapy in adult patients with relapsed or re-
fractory FLT3-ITD/tyrosine kinase domain-mutated AML.85 
In a long-term follow-up (37 months) of the trial, con-
tinued gilteritinib therapy preserved the superior OS (2-
year OS: 20.6% vs. 14.2%).86 In the QuANTUM First trial, the 
addition of quizartinib to intensive chemotherapy followed 
by maintenance in patients with FLT3-ITD AML improved 
RFS and OS; detailed reporting of the maintenance data 
is awaited but the strategy could provide an additional op-
tion for FLT3-ITD AML.87 The use of FLT3 inhibitors after 
HSCT will be discussed separately. 
 
IDH inhibitors and other targeted therapies 
Although data on the continued use of IDH inhibitors as 
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maintenance in the non-HSCT setting are not yet mature, 
these agents hold tremendous promise given their po-
tency in IDH-mutated leukemia (with azacitidine), toler-
ability, and ease of administration.88,89 In a phase I study, 
ivosidenib (n=60) or enasidenib (n=91) was added to in-
tensive I-C chemotherapy and continued as a mainten-
ance agent until relapse, toxicity or HSCT.90 The trial 
showed the feasibility of such an approach and led to a 
12-month OS of 75% in the two cohorts, although the DFS 
or OS benefit from the maintenance standpoint cannot be 
commented upon.  
Dasatinib has been studied as add-on to intensive chemo-
therapy followed by maintenance (usually at 100 mg/day 
for 1 year) in CBF-AML, primarily aiming to ameliorate the 
negative impact of kinase mutations in these patients. 
With this approach the AMLSG 11-08 trial documented a 
4-year cumulative incidence of relapse of 33% and OS of 
75% in 89 patients with CBF-AML.91 The CALGB 10801 trial 
showed 3-year DFS and OS rates of 75% and 77%, respect-
ively, in 61 patients with CBF-AML with the addition of da-
satinib.92 Neither of these trials used gemtuzumab 
ozogamicin during the I-C; the negative impact of kinase 
mutations in CBF-AML with fludarabine – high-dose cy-
tarabine-based therapy along with gemtuzumab ozogami-
cin may be diminished and thus additional benefit/toxicity 
of dasatinib maintenance in these patients needs to be 
studied in randomized trials.93  
Several other agents have been evaluated in maintenance 
for AML in the non-HSCT setting, including pembrolizu-
mab,94 androgens,95,96 and panobinostat.97 None of these 
has led to practice-changing improvements in outcomes. 
Only in the phase III GOELAMS randomized controlled trial, 
which included elderly patients with AML, did the use of 
norethandrolone (an anabolic steroid) lead to improved 5-
year DFS (31% vs. 16%) and OS (26% vs. 17%), with the 
benefits being maintained even when adjusting for most 
baseline patient- and disease-related factors.96  
 
 

Post-allogeneic stem cell transplanta-
tion-directed maintenance 
Though there has been significant overlap in the dis-
cussion of maintenance regimens in the non-HSCT and 
post-HSCT settings, here we will focus on some of the 
more important studies conducted purely in the post-
transplant setting.  

FLT3 inhibitors  
With regard to FLT3 inhibitors, data on sorafenib mainten-
ance in the post-HSCT maintenance setting are the most 
robust. The foremost trial in this setting is the phase II 
SORMAIN trial that randomized 83 patients with FLT3-ITD 
AML in CR after HSCT to sorafenib maintenance (n=43) or 

placebo (n=40) for 2 years. The drug was well tolerated 
with no increased GvHD and led to improved RFS (not 
reached vs. 30.9 months) and 24-month OS (90% vs. 66%) 
at a median follow-up of 42 months.98 A phase III random-
ized controlled trial from China also documented a re-
duced incidence of relapse (7% vs. 25%) with sorafenib 
maintenance after HSCT in FLT3-ITD-mutated AML with-
out increased risks of GvHD.99 The phase II randomized 
RADIUS trial failed to show any clear benefit from mid-
ostaurin maintenance (50 mg twice daily in 12 cycles each 
of 4 weeks) after HSCT in FLT3-ITD AML.100  
There are no reported randomized data as of yet with 
other FLT3 inhibitors as maintenance in the post-HSCT 
setting but trials are ongoing. A small retrospective analy-
sis from Japan recently described an improved LFS (100% 
vs. 36%) and OS (100% vs. 46%) at 1 year with gilteritinib 
maintenance; this improvement was greatest in those pa-
tients who had a higher disease burden at HSCT.101 A recent 
press release about the phase III MORPHO trial 
(NCT02997202) by BMT-CTN declared that gilteritinib 
maintenance versus placebo for 2 years in AML patients 
with FLT3-ITD following HSCT failed to meet the primary 
endpoint of RFS benefit in the gilteritinib arm.102,103 The full 
data from this trial are pending. With respect to quizarti-
nib, the detailed data on post-HSCT maintenance from the 
QuANTUM First trial are pending; in the QuANTUM-R trial 
the patients in the quizartinib arm who underwent HSCT 
in composite CR and received quizartinib maintenance 
thereafter had a better OS than those who did not (n=31 
vs. 11; median OS: 27 vs. 5.4 months).104 Data from a post-
hoc trial analysis and retrospective analysis with FLT3 in-
hibitor maintenance or with any other maintenance 
approach need to be studied carefully because often 
those patients with the highest risk disease (GvHD, 
cytopenia) are not able to receive the maintenance agent 
after HSCT and are already destined to poorer outcomes 
than those of the patients who are better placed to toler-
ate maintenance agent.105 This might lead to false over-
stating of the benefit of any post-HSCT maintenance 
therapy. 

IDH inhibitors 
IDH inhibitors are being studied actively as post-HSCT 
maintenance; in a phase I trial in which enasidenib (planned 
for 1 year) was administered to 19 IDH2-mutated patients 
(17 AML, 2 MDS) after transplant, 2-year PFS and OS were 
69% and 74%, respectively, with no significant safety con-
cerns.106 The results of a similar study with ivosidenib in 
IDH1-mutated AML/MDS are awaited (NCT03564821).  

Hypomethylating agent-based therapy 
A phase III randomized study by Oran et al. failed to show 
any RFS (median RFS: <2 vs. 1.3 years) or OS (median OS: 
2.5 vs. 2.6 years) benefit of azacitidine maintenance (32 
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mg/m2 for 5 days every 28 days, 12 cycles) over placebo 
after HSCT in AML.107 Other than the reported data, the 
phase III randomized AMADEUS trial is comparing the effi-
cacy and tolerability of CC-486 to placebo after HSCT in 
patients with AML/MDS (NCT04173533). Phase I data on this 
agent after HSCT showed favorable trends in GvHD inci-
dence and relapse risks.108 Overall, the use of parenteral 
azacitidine or decitabine at doses lower than recom-
mended for MDS/AML initial therapy, administered over a 
fixed duration after HSCT, is feasible, does not lead to in-
creased risks of GvHD, and is associated with reduced risks 
of relapse. A meta-analysis including 14 studies (not limited 
to randomized controlled trials) showed favorable benefits 
of post-HSCT HMA maintenance with regard to RFS and OS 
as well as reduction in rates of chronic GvHD.109 
An important development was the recently reported, en-
couraging result on the use of eprenetapopt in combina-
tion with azacitidine as maintenance therapy in 
TP53-mutated MDS/AML patients after HSCT. The com-
bination, planned to be given for 12 cycles administered 
every 4 weeks, led to a median RFS of 12.5 months and 
OS of 20.6 months (at a median follow-up of 17 months) 
in 33 patients (79% previously exposed to HMA, 36% with 
active disease at the time of HSCT, 83% with persistent 
TP53 mutation at HSCT) who received this maintenance.110 
The combination was well tolerated, even from the points 
of view of GvHD and central nervous system toxicity.  

Boosting post-transplant immune surveillance 
Donor lymphocyte infusion (DLI) has been one of the most 
successful methods of boosting post-transplant immune 
surveillance.111 Prophylactic DLI that is administered before 
any evidence of disease recurrence can be considered as 
maintenance; however, in clinical practice DLI is often a 
pre-emptive therapy that is used for molecular relapse or 
loss of donor chimerism after HSCT.112 The lower the dis-
ease burden at DLI, the greater the extent of benefit. In 
multiple studies in high-risk AML, prophylactic DLI led to 
encouraging survival rates.113-116 In a study by Jedlickova 
and colleagues, in which high-risk AML patients who re-
ceived prophylactic DLI (n=46) were compared to a 
matched group of patients not treated with DLI (n=34), pa-
tients in the DLI arm had a superior 7-year OS of 67% 
compared to 31% in the latter.115 It is important to under-
stand that, in the absence of active GvHD, rapid tapering 
of immunosuppression is warranted for a better graft-ver-
sus-leukemia effect in patients who show any evidence of 
disease relapse and before DLI infusion.116 
Multiple developments in post-HSCT adoptive cellular ther-
apy have occurred over the last two decades, in the form of 
cytokine activated DLI, unmodified or chimeric antigen re-
ceptor modified natural-killer cells, chimeric antigen recep-
tor T cells, etc. with the aim of refining the anti-leukemia 
activity and potentiating the graft-versus-leukemia effect.111  

Vaccines against specific antigens expressed by tumors 
have also been tried in both the non-HSCT and post-HSCT 
settings,117,118 primary among which have been those against 
the WT1 protein in patients with WT1-mutated AML.119 
There have been some positive results, but randomized 
data are lacking.120-123  

Conclusions 
Continued post-remission therapy beyond consolidation 
is becoming more relevant in patients with AML. Unlike in 
acute lymphoblastic leukemia and acute promyelocytic 
leukemia, these approaches in AML have been associated 
with varying success. Given the biological heterogeneity 
of AML, the choice of maintenance therapy will likely be 
guided by the patient’s AML genomics, remission status 
and transplant eligibility. Designing any maintenance ther-
apy in AML should be considered with respect to burdens 
of additional toxicity, hospital visits and the patient’s 
quality of life.  
An ongoing trial at the MDACC is engaging some of the 
above-mentioned contexts and using a genomically in-
spired approach to study different combinations of oral 
maintenance therapy in AML (NCT 05010772). In this five 
parallel-arm study, adult patients with AML in first re-
mission after intensive remission induction therapy and at 
least one cycle of intensive consolidation therapy (inten-
sive induction cohort) or after at least two cycles of low-
intensity therapy (lower intensity induction cohort) and 
not candidates for immediate HSCT will receive either oral 
decitabine alone, or oral decitabine with venetoclax or 
with a genomics-determined add-on drug (gilteritinib, 
enasidenib or ivosidenib) to oral decitabine as a mainten-
ance regimen for up to 24 cycles. The trial started enroll-
ment around a year ago.  
At the MDACC, maintenance therapy is now advocated to 
all patients with AML as part of ongoing clinical trials. Par-
enteral decitabine is suggested for patients with CBF-AML 
when they are unable to complete designated cycles of 
fludarabine, cytarabine, granulocyte colony-stimulating 
factor and gemtuzumab ozogamicin I-C regimens or have 
persistent molecular MRD after adequate consolidation 
therapy. For patients with intermediate- and adverse-risk 
AML, HSCT is the preferred consolidation, followed by 
maintenance as considered appropriate. In patients who 
are not able to proceed to HSCT a combination of HMA 
with or without venetoclax is advocated in the absence of 
a targetable myeloid mutation. For patients with target-
able mutations, such as FLT3 or IDH, the corresponding in-
hibitors are continued (as monotherapy or with HMA) as a 
maintenance therapy after remission induction through in-
tensive/low-intensity regimens. The duration of such main-
tenance therapy is variable and determined by the patient’s 
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tolerance and blood count recovery, baseline AML genomics, 
MRD dynamics and possibility of subsequent HSCT.  
The approaches to AML maintenance have evolved over 
the last 25 years from low-intensity chemotherapy to the 
use of more targeted therapies as well as immunotherapy. 
Whether any such approach truly improves OS in patients 
who have received adequate frontline therapy and are in 
a state of deep response needs to be studied better. In 
patients with high-risk disease (complex karyotype, TP53 
mutation, relapsed/refractory disease, MRD-positive 
at/after HSCT), there is little debate that most physicians 
would prefer a maintenance therapy. However, whether 
such maintenance therapy in less adverse-risk AML is 
beneficial will likely be determined in ongoing trials. The 
possibility of aggravating genomic instability and clonal 
escape under maintenance therapy pressure must be kept 
in mind when designing such regimens.  
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