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Simple Summary: The leading cause of failure of allogeneic hematopoietic cell transplantation
(allo-HCT) in patients with acute myeloid leukemia (AML) is post-transplant relapse. We urgently
need strategies to decrease this risk. In the past few years, the basic framework of post-transplant
maintenance has been shaped by several clinical trials investigating targeted, immunomodulatory,
and cellular therapies. Although the practice of post-transplant maintenance in AML has become
more common, there remain challenges regarding the feasibility and efficacy of this strategy. In this
review, we discuss recent advances in post-transplant maintenance in AML, along with ongoing and
future planned studies in this area, outlining the limitations of available data and our future goals.

Abstract: Allogeneic hematopoietic cell transplantation (allo-HCT) is potentially curative for patients
with acute myeloid leukemia (AML). However, the post-transplant relapse rate ranges from 40 to
70%, particularly with reduced intensity conditioning, and remains a major cause of treatment failure
for these patients due to the limited efficacy of salvage therapy options. Strategies to mitigate this risk
are urgently needed. In the past few years, the basic framework of post-transplant maintenance has
been shaped by several clinical trials investigating targeted therapy, chemotherapy, and immunomod-
ulatory therapies. Although the practice of post-transplant maintenance in AML has become more
common, there remain challenges regarding the feasibility and efficacy of this strategy. Here, we
review major developments in post-transplant maintenance in AML, along with ongoing and future
planned studies in this area, outlining the limitations of available data and our future goals.
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1. Introduction

Acute myeloid leukemia (AML) is a heterogeneous group of blood cell cancers that
arise from the clonal expansion of malignant hematopoietic precursor cells in the bone
marrow, which contributes to the aggressive nature of this cancer [1]. The prognosis
varies based on age, comorbidities, and cytogenic and mutation status [1-3]. Treatment is
initiated with standard induction chemotherapy to induce a complete remission (CR) which
will be followed by consolidation chemotherapy or allogeneic hematopoietic stem cell
transplantation (allo-HCT) depending on disease risk based on cytogenetic and molecular
aberrations at presentation and response to therapy assessed by measurable residual disease
(MRD) at the time of transplant, donor availability, comorbidities, age, and performance
status [1-3]. If the patient is determined to have intermediate- or adverse-risk AML, allo-
HCT is strongly recommended. Despite its central role in the management of AML, only
a minority of patients for whom transplantation is indicated undergo the procedure due
to biological factors, personal and physician choice, and lack of access. Even when these
patients undergo transplantation, relapse after allo-HCT remains the leading cause of failure.
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Previously, non-relapse mortality related to allo-HCT was a significant barrier to survival
for patients with AML, but recently, non-relapse mortality has decreased significantly
due to higher-resolution HLA typing, less toxic conditioning regimens, improved anti-
infectious agents, and novel approaches to graft-versus-host disease (GVHD) prevention
and treatment [2,4,5]. Unfortunately, the risk of relapse has not seen the same degree of
reduction over the past several years. Now, the focus of recent research has shifted to
investigating different approaches to prevent relapse after allo-HCT since around 20-30%
of patients with AML will relapse in the first 1-2 years following allo-HCT and a shorter
time to relapse is correlated with worse outcomes [1-3,6]. After relapse, the prognosis is
poor, and the median survival is only 4-6 months, with a 1-year survival rate of less than
20% [1-3,6]. These figures represent the importance of identifying strategies to decrease
rates of relapse and improve post-transplant survival. There are currently three general
approaches to therapy after allo-HCT, which include maintenance therapy, preemptive
therapy, and therapy for active relapse disease [1,2]. The goal of maintenance therapy is to
deliver a minimally toxic therapy that can reduce the risk of relapse before any signs of MRD
develop, but there continue to be challenges regarding the feasibility and efficacy of this
strategy. We will review major developments in post-transplant maintenance therapy for
AML, along with ongoing and future planned studies in this area, outlining the limitations
of available data and future goals.

2. Who Should Receive Post-HCT Maintenance Therapy?

Before initiation of maintenance therapy;, it is important to consider who is at higher
risk for relapse and if the risks of maintenance therapy outweigh the potential benefits.
Patients that are at an increased risk for relapse include those with high-risk disease based
on cytogenetic/molecular abnormalities, presence of pre- or post-HCT MRD, active disease
at the time of transplant, and those receiving reduced intensity conditioning regimens [1].
In addition to considering who is at high risk for relapse, it is important to recognize those
patients for whom the risk from maintenance therapy will outweigh the potential benefit.
Patients with significant post-HCT complications, such as delayed hematopoietic recovery
or ongoing toxicities such as GVHD, infection, or organ dysfunction, can be at increased
risk for adverse effects of maintenance therapy [2]. Furthermore, the toxicity profile of the
therapeutic agent may also dictate the decision to offer maintenance therapy. As the side
effect profile varies from targeted maintenance options to non-targeted ones, the ability
to administer maintenance agents depends on the patient’s ongoing clinical situation as
well as their ability to specifically handle that agent. Thus, it is important to consider
all these factors for each patient and appropriately select patients at high risk for relapse
before initiating maintenance therapy. Research surrounding this topic has increased
greatly in recent years with an expanding number of available therapeutic agents, such as
hypomethylating agents (HMAs), HMA /BCL-2 inhibitors, FLT3 inhibitors, IDH inhibitors,
HDAC inhibitors, glasdegib, eprenetapopt, checkpoint inhibitors, and cellular therapy
including donor lymphocyte infusion (DLI), which will be discussed in detail below.

2.1. Key Issues of Maintenance Therapy

Maintenance therapy focuses on indiscriminately treating all indicated patients before
the development of MRD or frank relapse, in order for them to remain in remission.
Inevitably, maintenance therapy potentially over-treats a significant number of patients
who otherwise may not have needed additional therapy, exposing the patient to the risk of
unnecessary toxicities [1,2]. One of the main focuses of current research is identifying an
effective agent with a low toxicity profile to mitigate this risk.

Important factors to consider for post-HCT maintenance therapy include determining
the optimal time to initiate maintenance therapy post-transplant. Sometimes, this decision
can be made easier with the presence of a sensitive assay for MRD such as the FLT3
assay used in the MORPHO trial with a level of detection of 1 x 1076 [7]. Unfortunately,
such sensitive assays are not that readily available for most other genotypes in AML.
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Additionally, the duration of maintenance therapy and the financial burden of a potentially
long-term treatment are important to clearly define. Also, understanding and outlining the
potential drug-drug interactions that can occur between the maintenance therapy regimen
and other drugs such as antifungal azoles, calcineurin inhibitors, and mTOR inhibitors will
allow for safe administration [1]. In addition, the immunocompromised state after allo-HCT
can lead to the presence of active opportunistic infections, which complicates the initiation
of post-HCT maintenance therapy. Lastly, any agent being considered for maintenance
needs to be extensively investigated to ensure that it does not result in an increased risk of
GVHD. Consequently, these factors emphasize the need for well-designed, randomized
clinical trials to characterize the benefits and practicalities of various maintenance therapy
agents. Another consideration is the utilization of murine and canine animal models, which
have long served to help develop tolerable conditioning regimens for elderly patients
as well as effective prevention and treatment of GVHD. These models can potentially
be leveraged to prevent relapse by gaining insight into graft-versus-leukemia (GVL) [8].
Murine hematological cancer cell lines, cultured in vitro, are sensitive to alloreactive T-cell
targeting, in contrast to human tumors [9]. However, spontaneous tumors in companion
dogs have overlapping features with tumors in humans, and there are reports describing
autologous transplantation as consolidation therapy for canine lymphoma [8,10]. Other
reports demonstrate the feasibility of generating canine leukemia models through genetic
modification of canine hematopoietic stem cells prior to transplant [8]. With these models,
there is the potential to understand both the efficacy and toxicity of agents to be used for
post-transplant maintenance.

2.2. Hypomethylating Agents

Hypomethylating agents such as azacitidine (AZA) and decitabine (DEC) are nucleo-
side analogues that irreversibly bind to enzymes responsible for methylation and induce
cellular apoptosis [3]. This class of drugs has been successful in treating patients with
AML who are unable to tolerate high-intensity regimens, such as older, medically non-fit
patients, because of their favorable toxicity profile. Additionally, this class of drugs may
potentially help to eradicate MRD, decrease the incidence of GVHD, and facilitate the
graft-versus-leukemia effect by enhancing the effect of T-regulatory lymphocytes. However,
these benefits of HMAs have not been consistently shown across studies and need further
investigation [1-3,6]. In the setting of a favorable toxicity profile and perhaps with the
possibility of facilitating the eradication of remaining AML cells, HMAs have been used for
post-transplant maintenance therapy to prevent relapse.

Initially, in 2010, De Lima et al. conducted a phase I trial including 45 high-risk
patients with AML/MDS to determine if low-dose AZA could be a safe and effective
post-transplant maintenance therapy. This study determined that AZA 32 mg/m? was well
tolerated, with reversible thrombocytopenia as the most common adverse effect. Regarding
efficacy, this study demonstrated a 1-year event-free survival (EFS) of 58% and 1-year
overall survival (OS) of 77% [11]. The RELAZA?2 trial was an open-label, multicenter,
phase II trial that demonstrated the effectiveness of AZA at preventing or substantially
delaying hematologic relapse in MRD-positive patients with MDS or AML. In this study,
AZA at 75 mg/m?/day on days 1-7 of a 29-day cycle resulted in a 2-year OS of 62% and
2-year EFS of 54% [12]. This regimen was well tolerated, with neutropenia as the most
common side effect [12]. De lima et al. investigated the utilization of CC-486 for AML/MDS
patients in morphologic CR at 42 to 84 days after allo-SCT in a phase I/II dose finding
study. This study demonstrated that CC-486 (oral AZA) maintenance was generally well
tolerated, with low rates of relapse, disease progression, and GVHD, and a randomized
phase III trial comparing CC-486 to placebo as post-transplant maintenance is currently
ongoing (AMADEUS, NCT04173533) [13]. Oran et al. conducted a phase III randomized
control trial to investigate the efficacy and safety of AZA maintenance in post-transplant
settings based on the encouraging phase I and II reports for AZA maintenance in patients
with AML/MDS. A total of 187 patients were enrolled to receive either AZA (32 mg/ m?2
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every 4 weeks for 12 cycles) or a placebo. The median number of cycles administered
was four. The median relapse-free survival (RFS) was 2.07 years in the AZA group vs.
1.28 years in the control group, and there was no significant difference in overall survival.
The incidence of both acute and chronic GVHD was comparable between the two groups.
Additionally, there were no unexpected adverse events observed in patients receiving AZA.
A substantial number of adverse events occurred in the control arm, which were related
to typical post-transplant complications, and myelosuppression was the only toxicity
directly related to AZA treatment. Although the benefit of HMA therapy as post-transplant
maintenance was not evident in this study, the authors did note many patients were unable
to complete the planned number of cycles and that perhaps the lower dose of AZA might be
insufficient to improve transplant outcomes, emphasizing the need for further investigation
in maintenance strategies [14].

DEC is another hypomethylating agent used in induction chemotherapy in AML/MDS
patients who are unable to tolerate intensive chemotherapy regimens. There has been
evidence that DEC could also be used as a maintenance therapy for post-HCT patients [15].
Gao et al,, in a randomized phase II trial, demonstrated that the combination of G-CSF and
DEC administered every 6 to 8 weeks for a total of six courses, when compared to placebo,
resulted in a statistically significant reduction in the risk of relapse without increasing
the risk of chronic GVHD [16]. Pusic et al. led a phase I trial including 22 patients with
AML/MDS in CR after allo-HCT to investigate four different DEC dose levels (5, 7.5, 10,
and 15 mg/m?/day every 6 weeks for a maximum of eight cycles) at the same frequency;
although lower doses were associated with decreased hematologic toxicities, relapse was
seen in 6 of the 22 patients [15]. From 2015 to 2018, Ma et al. conducted a retrospective
study to evaluate the use of DEC 20 mg/m? /day for 5 days every 3 months as post-HCT
maintenance therapy, which showed enhanced graft-versus-leukemia effects, reduced
GVHD, and prevented relapse compared to the lower-dose DEC used in Pusic et al. [15,17].

Although many studies have reported on post-HCT maintenance with HMAs with
variable results, the feasibility and efficacy of this strategy should still be considered inves-
tigational given the lack of clear survival benefit and the challenges of completing therapy
due to the side effect profile [11-13,15,17]. There is a need for additional randomized
clinical trials to investigate the different HMA doses and schedules, oral HMAs, and combi-
nations of other agents with HMAs to determine a clear conclusion regarding improvement
in outcomes in AML patients post-HCT. Several such studies are ongoing.

2.3. Hypomethylating Agents + BCL-2 Inhibitors

Venetoclax (VEN), a highly selective BCL-2 inhibitor, in combination with an HMA,
is safe and tolerable in patients unfit to receive intensive chemotherapy [18]. BCL-2 is
an oncoprotein that prevents apoptosis, thus promoting cell survival; therefore, a BCL-2
inhibitor aims to inactivate the oncoprotein and allow for cellular death [3]. VEN has been
shown to possess significant anti-leukemic activity, help mitigate the risk of GVHD, and
work synergistically with HMAs against AML [19]. Kent et al. investigated VEN 400 mg
daily, as monotherapy, for maintenance therapy and noted promising findings of 1-year
post-HCT OS of 70% and RFS of 67% with the most common adverse effects including
cytopenia and gastrointestinal toxicities. There was no increased risk of GVHD observed
with this strategy [20]. Parks et al. investigated low-dose DEC at 10 mg/m? for 3 days
and Ven 200 mg as post-HCT maintenance therapy, which showed a 1-year non-relapse
mortality of 11%, 1-year OS of 84%, manageable cytopenias, and no increased risk of GVHD
in 26 patients with high-risk myeloid malignancies [21].

Wei Y et al. determined that low-dose DEC 15 mg/m? for 3 days and VEN 200 mg on
days 1-21 every 2 months for up to 10 cycles after allo-HCT can be administered safely, with
reversible hematologic toxicities, neutropenic fever, and fatigue as the most common side
effects and no evidence of increased incidence of GVHD. Additionally, this combination had
a l-year relapse incidence of 15.3%, 2-year OS of 85.2%, and 2-year EFS of 84.7% [22]. Garcia
et al. conducted a phase I trial that showed that VEN/AZA maintenance therapy after
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VenFluBu2 RIC allo-HCT appeared to be safe, with a low infection rate and no excessive
GVHD [23]. The optimal duration of maintenance with the combination of HMA /VEN
is not clear, but most studies have aimed for administering 8 to 12 cycles given every 4 to
8 weeks. Although early data appear promising, the degree of myelosuppression observed
with this combination, when used for the treatment of AML, may be a barrier for patients
in the early post-transplant period. Lastly, the VIALE-T study is an ongoing randomized,
open-label, phase III study evaluating the safety and efficacy of VEN/AZA versus placebo
after allo-HCT in patients with acute myeloid leukemia [19]. Results from this study are
eagerly awaited and will help provide insight into the potential benefit as well as risk
associated with post-transplant HMA /VEN maintenance strategies. Interestingly, the
VIALE-T study investigates the combination of VEN/AZA administered every 28 days for
6 cycles followed by VEN monotherapy until up to 24 cycles.

2.4. FLT3 Inhibitors

The most commonly found molecular aberrations in AML are FLT3 mutations. FLT3-
ITD (internal tandem duplication) is present in 25% of adults and FLT3-TKD mutations
constitute 10% of AML cases [24]. FLT3-ITD mutation causes activation of tyrosine kinase
leading to increased activity of receptor tyrosine kinase (RTK) and is associated with
increased risk of relapse and lower survival. Both sorafenib and gilteritinib have been
incorporated in the clinic as post-HCT maintenance for relapse prevention. Smaller studies
with midostaurin and quizartinib have also been conducted.

Gilteritinib is indicated as monotherapy for the treatment of relapsed /refractory (r/r)
FLT3-mutated AML. It was compared to placebo as post-transplant maintenance in BMT-
CTN1506, a randomized phase III trial. The primary endpoint of the trial was RFS. The
trial utilized a FLT3 MRD assay with a level of detection of 1 x 107°. Gilteritinib was
administered at 120 mg for 24 months post-transplant. The trial enrolled 356 patients. More
than half the patients did receive FLT3 inhibitors as pre-transplant therapy. For the entire
cohort, gilteritinib was associated with a higher RFS but the difference was not statistically
significant (HR, 0.679, 95% CI, 0.459 to 1.005; two-sided p = 0.0518). In a subgroup analysis,
patients with pre- or post-transplant MRD (50.5%) derived a significant benefit in RFS from
gilteritinib (HR = 0.515, 95% CI:0.316, 0.838, p = 0.0065) whereas those in MRD-negative
remissions did not. Additionally, geographical differences were also observed, with patients
in North America deriving benefit from maintenance but those in Europe and Asia/the rest
of the world not seeing an advantage of the strategy. Possible reasons for these regional
variations may include time to transplant, the type of pre-transplant therapy including the
use FLT3 inhibitors, and the type of conditioning regimen. Gilteritinib was associated with
more myelosuppression, which was also the major cause of early withdrawal for the study.
This study was helpful in highlighting the importance of MRD-directed intervention and
establishing FLT3-ITD as a potential marker for MRD [7].

Sorafenib, an RTK inhibitor, inhibits FLT3 by directly blocking auto-phosphorylation.
Post-transplant sorafenib was studied in a phase I trial where patients with FLT3-mutated
AML received a variety of conditioning regimens [25]. Twenty-two patients were enrolled,
and the maximum tolerated dose (MTD) was determined to be 400 mg BID. Five patients
stopped sorafenib due to toxicities that included weight loss, tongue/facial swelling,
persistent nausea, diarrhea, and other gastrointestinal symptoms. The 1-year PFS was
85% (90% ClI, 66-94%) and the OS was 95% (90% CI, 79-99%). Although sorafenib was
well tolerated at an MTD of 400 mg BID, FLT3 inhibition was appreciated at a lower
well-tolerated dose of 200 mg BID as well [25].

In the phase II SORMAIN trial, 83 patients were randomized to receive sorafenib
(n =43) and placebo (n = 40) as post-transplant maintenance. The primary endpoint of
the study was RFS. Within the limitations of a small sample size, the use of sorafenib was
associated with a lower risk of relapse and death in patients with FLT3-ITD-mutated AML.
A third of the patients were beyond first remission at the time of transplant [26].
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In a phase III trial, 202 patients with FLT3-ITD-mutated AML undergoing allo-HCT
were randomized to maintenance therapy with either sorafenib 400 mg BID (n = 100) or
placebo (n = 102) [27] for up to 6 months post-transplant. The primary endpoint was 1-year
cumulative incidence of relapse. With a median follow-up of 60 months, sorafenib was
associated with improved OS (72-:0% [95% CI 62-1-79-7] vs. 55-9% [45-7-64-9]; hazard
ratio [HR] 0-55, 95% CI 0-34-0-88; p = 0-011), improved leukemia-free survival (70-0%
[60-0-78-0] vs. 49-0% [39-0-58-3]; 0-47, 0-30-0-73; p = 0-0007), lower relapse risk (15-0%
[8-8-22-7] vs. 36-3% [27-0-45-6]; 0-33, 0-18-0-60; p = 0-0003), and no increase in non-relapse
mortality (15-0% [8-8-22-7] vs. 14-7% [8-6-22-3]; 0-79, 0-39-1-62; p = 0-98). There was no
difference in the incidence of GVHD between the two groups, and the most common grade
III-IV adverse events associated with sorafenib were infection and hematological toxicities.
Longer follow-up did not reveal any difference in late side effects with sorafenib [27].

In a small phase II trial (RADIUS), the use of midostaurin as post-transplant main-
tenance was well tolerated and did not result in an increased risk of GVHD. Common
side effects were gastrointestinal toxicities, as is known from its pre-transplant use. The
sample size was small (n = 60) and the study was not powered to detect treatment effects.
Nonetheless, there was a trend towards benefit with midostaurin for all efficacy endpoints
evaluated [28].

Quizartinib was recently approved for the treatment of AML with FLT3-ITD mutation.
A study (QuUANTUM-First) allowed for it to be used as maintenance therapy both pre-
and post-transplant. Quizartinib resulted in a survival benefit compared to placebo [29].
In a phase I trial of quizartinib as post-transplant maintenance in 13 patients with FLT3-
ITD-mutated AML, myelosuppression was the most common adverse event. One patient
relapsed early in the trial. The study demonstrated acceptable tolerance of quizartinib as
post-transplant maintenance [30]. Crenolanib, another FLT3i, is also being investigated for
post-transplant maintenance (NCT02400255).

Based on published data, the use of FLT3 inhibitors to mitigate the risk of post-
transplant relapse is recommended. The evidence is strongest for patients with any ev-
idence of MRD in the peri-transplant period. For patients with MRD-negative disease,
the decision to proceed with maintenance would incorporate other variables such as pre-
transplant exposure to FLT3 inhibitors, co-mutations, and conditioning intensity. While
characterizing the molecular landscape of FLT3-mutated AML, the presence of both NPM1
and DNMT3A confers a survival benefit with the use of post-transplant sorafenib main-
tenance [31]. Outcomes with gilteritinib were also favorable for ‘triple-mutated” AML in
the relapse setting [32]. Conversely, the presence of TP53 as well as co-occurring CEBPA
mutations did not result in much benefit being derived from the addition of sorafenib in
the post-transplant setting [31]. As we obtain more data from the post-transplant gilteri-
tinib trial, we hope to be able to validate previous findings and perhaps identify further
molecular subsets that may benefit from post-transplant maintenance. Lastly, the dura-
tion of FLT3i maintenance is not standardized, with 24 m of maintenance being the most
studied schedule.

2.5. IDH Inhibitors

Isocitrate dehydrogenase 1 (IDH1) and IDH2 are two important enzymes that catalyze
the decarboxylation of isocitrate to a-ketoglutarate (a-KG) in the Krebs cycle. IDH1 mutation
is identified in approximately 5 to 10% of patients with AML whereas IDH2 is identified
in 8 to 15% of patients [33,34]. Ivosidenib inhibits IDH1, while ensidenib targets IDH2.
Both are FDA-approved for treatment of patients with AML harboring these mutations.
Currently, these mutations are predictive but not prognostic, and therefore the true benefit
of targeting them in the maintenance setting is unclear. Nonetheless, there have been
studies investigating these agents in the maintenance setting.

Both these drugs have been investigated as post-transplant maintenance therapies, for
up to 12 months, in multicenter phase I clinical trials [34,35]. Ivosidenib was studied at a
standard dose of 500 mg and a second de-escalated dose of 250 mg if the higher dosing was
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intolerable. Sixteen out of eighteen enrolled patients received post-transplant ivosidenib.
The drug was well tolerated, with grade IIl adverse events including QTc prolongation and
paresthesia observed in two and one patients, respectively. Eight participants discontinued
therapy before completing the predetermined 12 cycles: three due to relapse, three for
treatment of cGVHD, one due to pruritis, and one due to patient preference. The dose
of 500 mg was established as the recommended phase II dose (RP2D). The risk of GVHD
was not increased with this strategy, and the 6-month incidence of glI-IV aGVHD was
6.3% and the 2-year incidence of all cases of cGVHD was 63%. The 2-year incidences of
non-relapse mortality and relapse were 0% and 19%, respectively. With a median follow-up
of 29 months, the 2-year PFS and OS were 81% and 88%, respectively [35].

Similarly, enasidenib was investigated at 50 mg and 100 mg as post-transplant main-
tenance in patients with AML/MDS with IDH2 mutation. Nineteen out of twenty-three
enrolled patients received post-transplant enasidenib. The drug was well tolerated and no
dose-limiting toxicities were observed. The dose of 100 mg was established as the RP2D.
Grade III-IV toxicities were mainly hematological. Eight participants discontinued therapy
before completing the predetermined 12 cycles: three due to toxicities, two for treatment of
GVHD, one due to relapse, one due to physician choice, and one due to COVID-19. The
risk of GVHD was not increased with this strategy, with no cases of gIII-IV aGVHD and
a 12 month incidence of moderate/severe cGVHD of 42%. The cumulative incidence of
relapse was 16%. The 2-year PFS and OS were 69% and 74%, respectively [34].

Both these studies highlight the feasibility of introducing AML treatment drugs as
post-transplant maintenance strategies. Within the limitations of a small sample size, the
strategy appears to be well tolerated and perhaps even somewhat effective. These results
merit additional investigation of these agents as both monotherapies as well as combination
therapies in larger studies. Given that the combined prevalence of IDH1/2 is up to 25%,
these studies require multi-institutional collaboration.

2.6. Potential Combination Therapies

Whereas epigenetic inhibitors can potentially prevent post-transplant relapse through
various immunomodulatory properties inhibiting the evasion of AML cells from the im-
mune system, it is essential to understand the heterogeneity of AML as a disease. The
impact of different molecular aberrations, combined with the role of MRD, on treatment
effects needs to be investigated to improve maintenance strategies [36]. In this context, we
discuss some combinations of the drugs discussed previously. Of note, all these combina-
tions were investigated in the pre-transplant setting but may provide valuable information
on both efficacy and toxicity for transplant recipients.

Enasidenib + venetoclax: Preclinical studies have shown that IDH2-mutated cells are
sensitive to BCL-2 inhibition. In a phase Ib/II trial of 27 patients with r/r IDH2-mutated
AML, the combination of enasidenib and venetoclax was well tolerated, with common
grade III-V adverse events being febrile neutropenia (41%), thrombocytopenia (26%), and
hyperbilirubinemia (15%). The CR rate was 57% and the median survival was 9.4 months,
encouraging further investigation [37].

Ivosidenib + venetoclax + azacitidine: The triplet combination resulted in a composite
remission rate of 87% in patients with r/r IDH1-mutated AML. Common grade III-V
toxicities mainly included neutropenia (29%). Nearly half of the participants required dose
adjustments for myelosuppression. The combination might overcome established resistance
pathways to the single agent ivosidenib and is undergoing further evaluation [38].

Gilteritinib + venetoclax: Preclinical models have demonstrated synergy between
gilteritinib and venetoclax in FLT3-mutated AML. In a phase Ib trial, the most common
grade III-IV adverse event was cytopenias (80%), requiring dose interruptions in 50% of
the patients. The composite response was 75% and the combination was effective in a
population previously exposed to FLT3 inhibitors. Nonetheless, measures were needed to
mitigate myelosuppression, and further studies are ongoing [39].
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These doublets and triplets are being actively investigated in larger trials in the pre-
transplant setting. Response rates are high, but we also observe bone marrow suppression.
Randomized trials will tell us if combination therapy outperforms the standard of care
in the pre-transplant setting. If it does, we then need to be cautious in our approach to
utilizing these agents as maintenance therapies given that there is a lot unknown about
interactions with grafts, immunosuppressive agents, and infection prophylaxis.

2.7. Glasdegib

The Hedgehog (Hh) signaling pathway is involved in the maintenance, growth, and
drug-resistance mechanisms of both MDS and AML [40]. Therapy targeting the Hh pathway
signaling can eliminate leukemic stem cell populations and play an important role in the
treatment of disease resistance. Glasdegib is a new drug class that inhibits this pathway.
Glasdegib and low-dose cytarabine (LDAC) have been approved for the treatment of AML
in specific populations that cannot tolerate intensive therapy [41]. Glasdegib monotherapy
has also been investigated as post-transplant maintenance therapy for patients with AML
and MDS to prevent relapse. In a dual-center pilot study, 31 patients (28 AML and 3 MDS)
were administered glasdegib 100 mg as post-transplant maintenance for up to 1 year in the
absence of relapse. Glasdegib was associated with adverse events impacting the quality of
life of the participants, and this led to both interruption and discontinuation of therapy. The
incidence of relapse at 1 year was 55%, and the authors concluded that glasdegib did not
result in a meaningful reduction in the risk of post-transplant relapse. Further studies of
glasdegib in select patient populations as well as combination therapy could be helpful [42].

2.8. Histone Deacetylase Inhibitors

Histone deacetylase inhibitors (HDAC]) are epigenetic modifiers and have shown sig-
nificant effects in the differentiation and apoptosis of myeloid cells. Trials have been carried
out that have shown their moderate anti-leukemic effects in select patients with advanced
AML and MDS [43]. In a phase I/1I trial of 42 patients receiving post-transplant panobinos-
tat maintenance, the estimated 2-year OS and RFS were 81% and 75%, respectively. Grade
MI-IV toxicities included myelosuppression, gastrointestinal symptoms, neurological symp-
toms, and constitutional symptoms, and nearly all resolved with drug interruption. The
risk of both acute and chronic GVHD was not increased with the use of panobinostat [44].
Vorinostat is currently under evaluation in a phase I trial (NCT03843528) in combination
with low-dose azacitidine.

2.9. APR246 (Eprenetapopt)

AML and MDS harboring TP53 mutations have dismal outcomes, even after proceed-
ing to allo-HCT [45]. Hence, there is a need for targeted agents for this high-risk population.
Eprenetapopt is a first-in-class, small molecule p53 re-activator that works by selectively
inducing apoptosis of TP53 mutant cancer cells [46]. In a phase II trial, the combination
of eprenetapopt and AZA, every 28 days for a maximum of 12 cycles, was investigated as
post-transplant maintenance in patients with TP53-mutated AML or MDS. The primary
endpoint was RFS. Thirty-three patients received maintenance therapy. With a median
follow-up of 14.5 months, the estimated 1-year RFS was 59.9%, and with a median follow-
up of 17 months the estimated 1-year OS was 78.8%. The combination did not result in an
increased risk of GVHD. The most common adverse effects were hematologic toxicities and
hypertension [46]. Unfortunately, the future of eprenetapopt is not clear given the negative
results of a large phase III trial in high-risk MDS (NCT03745716).

2.10. Cellular Therapy
2.10.1. Donor Lymphocyte Infusion (DLI)
The use of DLI has been extensively investigated over time. It has limited utility in

the treatment of frank relapse and is more commonly utilized as a preemptive strategy
for the emergence of MRD or loss of chimerism. The mechanism of action is based on
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non-tolerant T cells augmenting the graft-versus-leukemia effect but at the expense of
causing GVHD [47]. Liga et al. investigated low-dose prophylactic DLI in 15 patients with
acute leukemia treated with an alemtuzumab-containing conditioning regimen. Although
none of the patients relapsed, there were four deaths due to severe GVHD, leading to
the termination of the study [48]. In a registry study utilizing matched pair analysis, the
administration of prophylactic DLI did not improve outcomes for the entire cohort of acute
leukemia patients. However, a subset analysis demonstrated a survival benefit for patients
with high-risk AML. Given the small numbers as well as the possibility of a selection bias
given the long interval between transplant and DLI, the authors concluded that the efficacy
of DLI to prevent relapse was moderate at best [49]. In a retrospective study, Jedlickova
et al. found the 7-year OS to be 67% in patients with AML/MDS receiving escalating
doses of DLI starting 120 days post-HCT. In the control group, the 7-year OS was only
31%. Along with the retrospective nature of the study, other major limitations included the
exclusion of patients with a history of GVHD prior to the administration of DLI as well as
the heterogeneity in the control arm [50]. In a phase II trial of 30 patients, the combination
of low-dose AZA and DLI as prophylaxis for high-risk AML and MDS resulted in a 2-year
OS of 65.5% without an increased risk of GVHD. The regimen was well tolerated but needs
validation in larger studies [51]. The use of prophylactic DLI as monotherapy as well as in
combination with chemotherapy is an active area of collaborative prospective trials [47].

2.10.2. Natural Killer Cells (NK)

Leveraging NK cells to prevent post-transplant relapse is an area of active interest.
Robust NK-cell donor chimerism and those with specific haplotypes of KIR genes (B-
haplotype) may be associated with a reduced risk of post-transplant relapse. In a phase I
trial, the use of prophylactic donor-derived ex vivo IL-2 activated NK cells in 16 patients
with hematological malignancies, after matched sibling transplant, was well tolerated with
no dose-limiting toxicities. Two patients developed moderate and one patient developed
severe cGVHD which responded to corticosteroids. Four patients relapsed, and at the time
of the last follow-up, eleven patients were alive, in remission, and without GVHD [52]. In
a phase I/1I trial, 25 patients with myeloid malignancies received high doses of mb-IL.21
ex vivo expanded donor-derived NK cells, after haploidentical transplant, for relapse
prevention. When compared to a case-matched cohort, the risk of relapse was lower in
NK therapy recipients (4% vs. 38%, p = 0.014). One patient had grade III aGVHD and no
patients developed cGVHD. Overall, the treatment was well tolerated [53]. These promising
observations are early, and ongoing trials will provide more insight into the efficacy of
this platform.

2.10.3. Engineered T Cells

Donor-derived T-cell receptor engineered T cells against HA-1 and HA-2 (presented
on HLA-A*02:01) have the potential to prevent relapse after transplant. In a phase I trial
of TSC-100 and TSC-101 (engineered T cells) targeting HA-1/2 in recipients of reduced
intensity haplo-transplant, there were no dose-limiting toxicities observed in seven patients.
The risk of GVHD was not increased, and at the last update, there were no relapses or
deaths after a median follow-up of 162 days [54]. This strategy appears attractive, and
further studies are planned.

2.11. Immune Checkpoint Inhibitors (CPlIs)

The use of CPIs as maintenance for patients with myeloid malignancies has also
been investigated. Most of the studies have been conducted in a transplant-ineligible
patient population [55]. Whereas CPIs might enhance the graft-versus-leukemia effect,
there is a concern that they may also lead to an increased risk of immune-mediated adverse
effects, mainly GVHD. When ipilimumab was used to treat 28 patients with relapsed
hematological malignancies after allo-HCT, 5 had a complete response and 2 had a partial
response. However, six patients had immune-related toxicities, including one death, and
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four patients had GVHD [56]. Similarly, an increased incidence of rapid and severe GVHD
was also observed in patients with post-transplant relapsed lymphoid malignancies when
treated with CPIs [57]. More recently, Zeiser et al. demonstrated that the use of sabatolimab,
a novel immunotherapy targeting TIM-3, was well tolerated as post-transplant therapy
in patients with AML MRD+ disease. In 21 patients, grade I-II myelosuppression was
observed and there were no cases of GVHD or immune-related toxicities. Longer follow-up
is needed to determine both the efficacy as well as the safety of sabatolimab [58].

3. Conclusions

Although the intention in proceeding with allo-HCT for patients with AML has always
been to cure the disease, there remains a significant risk of post-transplant relapse. To
mitigate this risk, there has been significant interest in the utilization of pre-transplant
therapeutic agents as post-transplant maintenance. In this review, we have discussed the
potential strategies that have been investigated (Table 1) and provided a list of active trials
(Table 2). The challenges observed in conducting successful trials in the post-transplant
setting include (1) the hesitancy of clinicians to enroll patients with high-risk disease
in a placebo-controlled trial, even in the absence of approved agents, (2) the hesitancy
of patients to continue to take chemotherapy after having undergone an intense and
potentially curative procedure, (3) the complexity of delineating the additive toxicities
of the investigational agent from common overlapping post-transplant toxicities, (4) the
challenges of understanding how best to modify the dosing and schedule when using pre-
transplant drugs in the post-transplant setting to maximize time on the drug and perhaps
outcomes, (5) the ability to identify which patients will actually benefit from maintenance
therapy, and (6) the reluctance of pharmaceutical companies to conduct maintenance trials
prior to the approval of the agent for another indication.

Table 1. Select published post-transplant maintenance trials in AML.

Agent (Phase) Treatment Findings Clinical Trial Identifier
RFS: 2.07 years (AZA) vs. 1.28 years
AZA (II) Az AAéffn Vi'nll’zlaff)erb; dave (placebo), p = 0.43 NCT00887068
& Y Myelosuppression with AZA
1-year relapse = 15.3%
DEC 15 mg/m? for 3 days 1-year OS = 85.2% .
DEC/VEN (I Ven 200 mg days 1-21 Reversible myelosuppression, no ChiCTR1900025374
increased risk of GVHD
2-year relapse = 41%
AZA 36 mg/m? for 5 days 2-year OS = 67%

AZA/VEN (@) Ven 400 mg days 1-14 Reversible myelosuppression, no NCT03613532

increased risk of GVHD

Improved 2-year RFS (78.9% vs. 56.6%)
. . and OS (82.1% vs. 68.0%) with

Sorafenib (III) Sorafenib zfmo 6mg b“tihvs' placebo sorafenib NCT02474290

ord months No difference in GVHD

No pre-transplant FLT3i

Improved RFS in MRD+ (HR = 0.515,
e 95% CI: 0.316, 0.838, p = 0.0065) with

Gilteritinib ()~ Cliteritinib 120 mg vs. placebo for gilteritinib NCT02997202

24 months More myelosuppression with

gilteritinib leading to early withdrawal
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Table 1. Cont.

Agent (Phase) Treatment Findings Clinical Trial Identifier
2-year relapse = 19%
P . 2-year PFS = 81%
Ivosidenib (I) Ivosidenib 500 mg and 250 mg 2 year OS = 88% NCT03564821
No increased risk of GVHD
Relapse = 16%
N S 2-year PFS = 69%
Enasidenib (I) Enasidenib 100 mg and 50 mg 2-year OS = 74% NCT03515512
No increased risk of GVHD
. 1-year RFS = 59.9%
APR246 (IT) APR246 + Azi;/‘[‘LTPS}mutated Lyear OS = 78.8% NCT03931291
No increased risk of GVHD
AZA: azacitidine, VEN: venetoclax, AML: acute myeloid leukemia, DEC: decitabine, GVHD: graft-versus-host
disease, OS: overall survival, RFS: relapse-free survival, PFS: progression-free survival.
Table 2. Select active post-transplant maintenance trials in AML.
Trial Treatment Phase Clinical Trial Identifier
AMADEUS CC-486 vs. placebo 111 NCT04173533
VIALE-T HMA/VEN vs. placebo 111 NCT04161885
Crenolanib Single arm crenolanib maintenance in FLT3-AML I NCT02400255
Vorinostat Vorinostat dos.e gscalatlon after allqgenelc I NCT03843528
hematopoietic cell transplantation
Panobinostat Panobinostat vs. placebo I NCT04326764
HMA: hypomethylating agent, VEN: venetoclax, AML: acute myeloid leukemia.
Currently, the data support the use of FLT3 inhibitors such as sorafenib and gilteritinib,
mainly in a risk-adaptive approach. Several other targeted agents, including BCL-2 and
IDH inhibitors, and immunomodulatory/cellular strategies such as engineered T cells
and NK-cell-based maintenance, appear promising in early studies but need to be tested
in well thought out trials. Lessons from negative randomized trials include the use of
MRD-directed maintenance to avoid exposing patients to unnecessary toxicity. Large,
randomized trials for oral AZA as well as AZA/VEN have nearly completed accrual, and
the data are eagerly awaited to facilitate our understanding of the role of maintenance
therapy in AML and help design future trials for success.
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