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Disease relapse is the leading cause of failure for patients receiving allogeneic hematopoietic cell transplantation
(allo-HCT). Maintenance therapy administered after allo-HCT is a promising strategy to reduce the incidence of
relapse and enhance the curative potential of allo-HCT. Research investigations and clinical applications of this
approach have greatly increased in recent years, with an expanding number of available therapeutic agents to
introduce in the posttransplant setting. However, many questions and challenges remain regarding the feasibility
and clinical impact of maintenance. In this article, we present four common case scenarios addressing select available
therapeutic agents as a framework to review published data and ongoing studies and describe our current standard
practice in the rapidly evolving field of maintenance therapy after allo-HCT.
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Introduction
Numerous advances in allogeneic hematopoietic cell trans-
plantation (allo-HCT), including higher resolution HLA typing, less
toxic conditioning regimens, improved anti-infectious agents, and
novel approaches to graft-versus-host disease (GVHD) prevention
and treatment, have decreased nonrelapse mortality associated
with allo-HCT.1 As such, disease relapse remains the leading
cause of failure after allo-HCT, with an overall incidence of around
30%.2-4 Maintenance therapy, defined as therapy initiated while
the patient remains in complete remission (CR), is a promising
approach to reduce the risk of relapse after allo-HCT.5 Investi-
gation into this approach has greatly increased in recent years,
with an expanding repertoire of therapeutic agents. However,
many uncertainties still surround posttransplant maintenance
therapy, including which patient subsets truly benefit, choice of
agent, and duration of therapy.

Herein, we present our clinical approach to implementing select
maintenance therapies after allo-HCT (Figure 1) while
acknowledging that heterogeneity in access to mutational
testing, measurable residual disease (MRD) evaluation, and
specific agents makes presenting any standard approach diffi-
cult. Of note, this review will focus on specific commercially
available pharmacologic agents and will not address immuno-
therapy or cellular therapies, such as checkpoint inhibitors,
vaccine-based approaches, donor lymphocyte infusions, or
other cellular infusions.

Key issues of maintenance therapy
Three general approaches to therapy after allo-HCT are (1)
maintenance therapy, (2) preemptive therapy, and (3) therapy
for active relapsed disease (Figure 2). A preemptive approach
allows for a more precise strategy, only initiating therapy in
patients with detectable MRD while sparing further therapy for
those whose disease remains undetectable. However, this
approach requires a sensitive assay to detect MRD, the ability to
perform multiple serial MRD evaluations, and sufficient time
from MRD detection to initiation of therapy before significant
clinical relapse. In contrast, the maintenance approach involves
indiscriminately treating all indicated patients after allo-HCT.
Although this ensures that disease-directed therapy can be
initiated while in remission, the approach overtreats a signifi-
cant number of patients who otherwise may not have needed
such therapy.

Major considerations that influence the decision to initiate
maintenance therapy after allo-HCT are shown in Table 1.
Populations with risk factors for higher relapse risk are seem-
ingly more likely to benefit from maintenance therapy. Three
common factors that may influence the risk for disease relapse
include (1) biological disease risk, (2) MRD status at transplant or
afterward, and (3) intensity of the conditioning regimen. High-
risk cytogenetic and molecular abnormalities, the presence of
MRD immediately before transplant, and the use of reduced-
intensity conditioning all are associated with an increased risk
for disease relapse after allo-HCT and have all been used to risk
stratify populations.6-9

For many years, the ability to administer posttransplant mainte-
nance was hindered by lack of suitable therapeutic agents. Now
that numerous agents with less off-target toxicity have been
developed, their integration into the posttransplant setting has
begun. Early studies have focused on feasibility and safety while
providing some preliminary assessment of efficacy. Very few
prospective randomized clinical trials have been conducted, and
no agents are currently approved in the United States for the
specific indication of therapy after allo-HCT to prevent relapse.
An important limitation of retrospective analyses attempting to
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Figure 1. How we treat algorithm for posttransplant maintenance therapy. Our current approach to the application of maintenance therapy after allogeneic HCT. TKD,
tyrosine kinase domain.
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investigate whether maintenance therapy is beneficial is signifi-
cant selection bias, because patients fit to receive maintenance
after allo-HCT have avoided early mortality, toxicity, and disease
relapse to be eligible to start maintenance therapy. The clinical
evaluation of the maintenance approach is further complicated
by the many patients who are unable to complete planned
therapy because of toxicities, logistic reasons, or the emergence
of HCT-associated complications such as infection or GVHD. In
addition, as more agents are introduced into routine use in the
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Figure 2. Categorization of approaches to disease-
directed therapy after allogeneic HCT. Disease
status at the initiation of therapy after transplant
provides definition to the treatment approach and
may impact the likelihood of success in each setting.
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post-HCT setting, specific toxicities and drug-drug interactions
will need to be clearly described and defined to allow for safe
administration. Full dose intensity of many agents will likely be
difficult to achieve, and optimal guidelines for dose reduction or
intermittent dosing will need to be developed. Thus, although
maintenance approaches are quickly being adopted into clinical
practice, well-designed randomized clinical trials are sorely
needed to characterize the true benefit and practicalities of this
approach.
Therapy for
relapsed disease

Pre-emptive therapy
Post-HCT therapy initiated upon

detection of MRD

Maintenance therapy
Post-HCT therapy initiated while

patient still in molecular CR
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Table 1. Considerations that influence the decision to
initiate maintenance therapy after allogeneic HCT

Factor Considerations

Underlying disease Higher rates of relapse for high-risk
disease characteristics (elevated
blast count, specific cytogenetic or
molecular abnormalities) compared
with the absence of high-risk disease
factors

Disease status at
transplant

Higher rates of relapse in acute
leukemia when measurable disease
detectable at transplant compared
with undetectable disease

Intensity of the
conditioning regimen

Higher rates of relapse with reduced
intensity conditioning therapy
compared with myeloablative
conditioning

Post-HCT complications Slow hematopoietic recovery or
ongoing toxicities (GVHD, infection,
organ dysfunction) limit ability to
initiate maintenance therapies

Characteristics of
therapeutic agent

Therapeutic agent must address
underlying disease biology
(targeted agents for identified
mutations or hypomethylating
agent-based approached for
myeloid neoplasms) and have
favorable toxicity profile in
post-HCT setting

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/1/39/2073253/blood_bld-2021-012412-c-m

ain.pdf by guest on 08 M
ay 2024
Case 1: FMS-like tyrosine kinase
3–mutated acute myeloid leukemia
A 64-year-old man presented with new-onset fatigue and dys-
pnea. He had a white blood cell (WBC) count of 56 × 109/L,
hemoglobin level of 7.2 g/dL, and platelet count of 36 × 109/L.
Bone marrow examination revealed acute myeloid leukemia
(AML) with 70% blasts. He had no cytogenetic abnormalities,
and genomic analysis revealed a point mutation in DNMT3A
and an FMS-like tyrosine kinase 3 (FLT3)-internal tandem
duplication (ITD) mutation (allelic ratio, 0.42). NPM1 was wild
type. He received induction chemotherapy with 7 + 3 (dauno-
rubicin 60 mg/m2 on days 1-3 and cytarabine 200 mg/m2 on
days 1-7) and midostaurin (50 mg twice daily on days 8-21),
achieving CR1. He now plans to proceed with allo-HCT from a
matched unrelated donor using reduced intensity conditioning.
Next-generation sequencing–based FLT3 testing no longer
detects FLT3-ITD on the remission bone marrow, but DNMT3A
is still detectable.

FLT3-mutated disease
FLT3-ITD mutations are found in approximately 25% of newly
diagnosed cases of AML, usually presenting in younger patients
with a normal karyotype and a high leukemia burden. Histori-
cally, the outlook for patients with FLT3-ITD AML was poor
because of a propensity for early disease relapse.10 Advances
such as incorporation of FLT3 inhibitors added to conventional
induction chemotherapy and routine use of allo-HCT as
consolidation have significantly improved outcomes. Yet even
MAINTENANCE THERAPY AFTER ALLOGENEIC HCT
after allo-HCT, the risk of disease relapse was approximately
30% to 40%. With the availability of several FLT3 inhibitors either
approved for AML or other indications and the exhibited FLT3
dependence of FLT3-mutated AML especially after post–allo-
HCT relapse,11 trials investigating maintenance therapy after
HCT were conducted.

We first reported compelling results of a phase 1 trial of 22
patients with FLT3-ITD AML in CR receiving maintenance sor-
afenib after HCT showing a 1-year progression-free survival
(PFS) of 85% and 1-year overall survival (OS) of 95%.12 We then
conducted a retrospective analysis comparing 26 patients with
FLT3-ITD AML in CR1 who received maintenance sorafenib with
43 control patients with FLT3-ITD AML in CR1 who were alive
and in remission at 60 days after allo-HCT and did not receive
sorafenib maintenance therapy. Patients who received sor-
afenib had a significantly lower rate of disease relapse (8.2% vs
37.7%, P = .0077), which translated into significantly improved
2-year PFS (85% vs 52%, P = .0047) and OS (83% vs 58%,
P = .019), respectively.13 This effect was confirmed in 2 recently
published prospective randomized clinical trials: the placebo
controlled SORMAIN (SORafenib MAINtenance) trial and an
open label phase 3 trial from China. The SORMAIN trial
enrolled only 83 patients in 5 years and closed early because of
poor accrual, yet was able to show a significant benefit in
24-month relapse-free survival with 24 months of maintenance
sorafenib (85.0% vs 53.3%, P = .002).14 In the Chinese phase 3
trial, 202 patients were randomized to receive sorafenib for
6 months vs no therapy. Results showed 2-year leukemia-
free survival to be 78.9% vs 56.6% (P < .0001) in favor of
maintenance sorafenib.15 It should be noted that the vast
majority of patients in these 2 trials did not receive FLT3 tyro-
sine kinase inhibitor (TKI) during induction therapy, and pre-
HCT data on MRD status were not available. Midostaurin,
which is approved in combination with initial chemotherapy,
has been shown to be safe when used in the post–allo-HCT
maintenance setting, yet the phase 2 randomized trial was not
powered to show a benefit in relapse prevention.16 Crenolanib,
another oral FLT3 inhibitor, is also being tested in an ongoing
phase 2 study (#NCT02400255; Table 2). Most recently, the
Bone Marrow Transplant Clinical Trials Network conducted an
international multicenter phase 3 double-blinded randomized
trial that randomized 346 patients with FLT3-ITD–mutated AML
in CR1 to 24 months of maintenance gilteritinib vs placebo after
allo-HCT (NCT02997202). Accrual has been completed, and
results are expected shortly. Encouraging results for mainte-
nance gilteritinib were observed in a smaller study, where there
was a relatively low rate of disease relapse after allo-HCT with
maintenance gilteritinib in a relapsed/refractory population.17

Future areas of investigation include understanding whether
different FLT3 TKIs have different effects in the post-HCT setting
and the optimal duration of maintenance therapy. Studies at
diagnosis including karyotype, concurrent NPM1 mutations, and
FLT3 allelic ratio can clearly modify relapse risk, but it is unclear if
these should dictate the choice to administer maintenance
therapy. Moreover, as increasingly sensitive diagnostics of FLT3-
mutated MRD are incorporated into routine practice, it remains
to be seen if isolated or serial MRD measurements can identify
the appropriate subgroup that truly benefits from post–allo-HCT
FLT3 TKI. This is a key component of the phase 3 gilteritinib trial
design with serial samples collected specifically for this purpose.
5 JANUARY 2023 | VOLUME 141, NUMBER 1 41



Table 2. Active or recruiting trials of maintenance therapy after allogeneic HCT listed on clinicaltrials.gov

ClinicalTrials.gov
identifier Status Disease

Maintenance
agent Phase study

FLT3+ disease #NCT02997202 Active, not recruiting FLT3+ AML Gilteritinib 3

#NCT02400255 Active, not recruiting FLT3+ AML Crenolanib 2

IDH mutated disease #NCT03515512 Active, not recruiting AML, MDS, CMML Enasidenib 1

#NCT03728335 Recruiting AML Enasidenib 1

#NCT04522895 Recruiting AML, MDS, CMML Enasidenib 2

#NCT04522895 Recruiting AML, MDS Enasidenib,
ivosidenib

3

#NCT03564821 Recruiting AML, MDS, CMML Ivosidenib 1

Ph+ disease #NCT05024357 Recruiting Ph+ ALL Dasatinib NA

HMA-based
approaches

#NCT04173533 Recruiting AML, MDS Azacitidine 3

#NCT01995578 Active, not recruiting AML, MDS Azacitidine 2

#NCT03931291 Active, not recruiting AML, MDS Azacitidine, APR-
246

2

#NCT02124174 Recruiting AML, MDS Azacitidine, valproic
acid

2

#NCT03613532 Recruiting AML, MDS Azacitidine,
venetoclax

1

#NCT04161885 Recruiting AML Azacitidine,
venetoclax

3

#NCT04980404 Recruiting MDS, CMML Decitabine/
cedazuridine

1

Additional targeted
or disease-specific
approaches

#NCT04674345 Recruiting Acute leukemia Sorafenib 2

#NCT04168502 Recruiting AML Glasdegib 3

#NCT03932643 Recruiting AML, MDS ONC 201 1

#NCT03286530 Recruiting AML, MDS Ruxolitinib 2

#NCT03267186 Active, not recruiting Acute leukemia, CML Ibrutinib 2

#NCT04326764 Recruiting AML, MDS Panobinostat 3

#NCT01433965 Active, not recruiting AML, MDS Lenalidomide 1

#NCT02807883 Active, not recruiting ALL Blinatumomab 2

#NCT03114865 Recruiting B-cell ALL or NHL Blinatumomab 1B/2

#NCT03151057 Active, not recruiting B-cell malignancies Idelalisib 1

#NCT03540849 Recruiting HL Brentuximab
vendotin

2

#NCT02512497 Recruiting T-cell leukemia or
lymphoma

Romidepsin 1

#NCT01264315 Active, not recruiting Multiple myeloma Lenalidomide 2

#NCT02440464 Active, not recruiting Multiple myeloma Ixazomib 2

Accessed on 25 October 2021 with search terms “maintenance allogeneic transplant,” “maintenance allo,” or “maintenance post transplant.” HL, Hodgkin lymphoma; NA, not applicable;
NHL, non-Hodgkin lymphoma.
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Case recommendation
We would suggest that this patient receive maintenance FLT3
inhibition with midostaurin, sorafenib, or gilteritnib, whichever
agent is available. Anecdotally, gilteritinib appears to be the
42 5 JANUARY 2023 | VOLUME 141, NUMBER 1
most tolerable, and this is our current standard. We suggest
beginning maintenance as early as day +30 if hematologic
recovery and toxicity profile allow, given relapse tends to occur
relatively quickly in FLT3-ITD AML. We recommend at least 6
DEFILIPP and CHEN
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months of maintenance therapy based on the trial of Xuan
et al15 but would continue for 2 years if toxicity allows, given
that later relapses have been observed and the tolerability
shown in the phase 3 gilteritinib trial. Measurement of FLT3
MRD is reasonable to conduct at the end of 2 years for reas-
surance in stopping maintenance therapy, although it is entirely
unclear what action to take if detectable. Dose reductions are
common, as observed in both sorafenib trials, but the beneficial
effect of FLT3 inhibitor maintenance appears to extend even at
lower doses. At this time, we do not recommend a preemptive
approach in this clinical setting given the rapid kinetics of
relapse in FLT3-ITD AML.
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Case 2: isocitrate
dehydrogenase–mutated
myeloid disease
A 69-year-old woman presented with worsening fatigue. She
had a WBC of 1.5 × 109/L with 19% circulating blasts and a
hemoglobin level of 9.8 g/dL. Bone marrow examination
revealed AML with 30% blasts. She had no cytogenetic
abnormalities, and genomic analysis revealed an isocitrate
dehydrogenase 2 (IDH2) R172 mutation at a variant allele
fraction (VAF) of 24%. She received induction chemotherapy
with daunorubicin/cytarabine, and her repeat bone marrow
biopsy on hematologic recovery showed persistent disease with
10% blasts. She was then treated with single-agent enasidenib
for 2 months. Repeat testing showed no morphologic evidence
of AML but persistent detection of the IDH2 mutation at a VAF
of 3.7%. She now plans to proceed with reduced-intensity allo-
HCT from a mismatched unrelated donor.

IDH
Mutations in IDH 1 or 2, respectively, can lead to production of
R-2-hydroxyglutarate, which competitively inhibitsα-ketoglutarate–
dependent enzymes.18,19 These events can result in the develop-
ment of epigenetic alterations and impaired hematopoietic
differentiation.20,21 Mutations in IDH1 or IDH2 occur commonly in
patients with AML, myelodysplastic syndrome (MDS), or chronic
myelomonocytic leukemia (CMML).22-25

Reports on the prognostic impact of IDH mutations in AML are
conflicting.22,26-31 Two recent studies have attempted to
address the outcomes after allo-HCT for IDH-mutated AML. In a
single center retrospective analysis of 99 patients with AML
receiving allo-HCT, 23 were shown to possess IDH mutations.
IDH-mutated patients had a 1-year relapse rate of 29%, and
IDH1/2 mutation status was associated with relapse after
adjustment for pre-HCT disease status (hazard ratio [HR], 2.8;
P = .046).32 We led a larger multicenter retrospective analysis of
112 patients with IDH1- or IDH2-mutated AML undergoing allo-
HCT and reported 2-year relapse incidences of 31% and 25%
for IDH1- and IDH2-mutated disease, respectively. The 2-year
PFS was 58% for both cohorts.33 Importantly, these studies
have set a reference on which to design interventional main-
tenance trials, especially given the unclear prognostic signifi-
cance of IDH mutations.

The therapeutic landscape for IDH-mutated myeloid disease
has been transformed with the development of oral targeted
MAINTENANCE THERAPY AFTER ALLOGENEIC HCT
small-molecule inhibitors.34 Ivosidenib (IDH1 inhibitor) and
enasidenib (IDH2 inhibitor) both effectively inhibit R-2-
hydroxyglutarate and can restore normal myeloid differentia-
tion.35-39 In large multicenter phase 1/2 studies, these agents
have demonstrated favorable toxicity profiles and the ability to
induce durable remissions both alone and in combination with
other therapies in both relapsed/refractory and newly diag-
nosed AML. As such, ivosidenib and enasidenib have received
regulatory approval from the US Food and Drug Administration
for the treatment of IDH1- and IDH2-mutated AML,
respectively.40

Although the biological and clinical rationale for the use of
targeted IDH inhibitors after allo-HCT is intuitive, there is
currently a lack of published experience with this approach.
Multiple ongoing phase 1 and 2 trials are investigating the use
of ivosedinib (#NCT03564821 and #NCT03839771) and ena-
sidenib (#NCT03515512, #NCT03728335, #NCT04522895,
and #NCT03839771) as maintenance therapies after allo-HCT
for IDH1- and IDH2-mutated myeloid diseases, respectively
(Table 2). Recently, we reported preliminary results of a phase
1 study showing enasidenib 100 mg daily to be well tolerated
as maintenance therapy and associated with low rates of
relapse (13% at median follow-up of 11.7 months).41 Obser-
vations from these studies will be important in establishing the
toxicity profile of these agents in the posttransplant setting
and potentially give an estimate of the expected clinical out-
comes. The incidence of relapse and molecular profile of
disease at the time of relapse, with particular attention to IDH
mutational status, will be of importance. A unique adverse
event associated with these inhibitors is IDH differentiation
syndrome, characterized by dyspnea, fever, weight gain, and
organ dysfunction, which has been identified in up to 20% of
patients receiving ivosidenib or enasidenib for relapsed or
refractory AML.42 However, given the absence of disease at
initiation of maintenance therapy, IDH differentiation syn-
drome is not expected in this setting. In addition, therapeutic
regimens with the B-cell lymphoma-2 (BCL-2) inhibitor ven-
etoclax also appear to be quite effective for IDH-mutated
myeloid neoplasms, and ongoing trials are investigating
venetoclax-based maintenance therapies after allo-HCT
(#NCT03613532 and #NCT04161885) to determine feasibility
and safety.
Case recommendation
Given pretransplant disease response to IDH2 inhibition, the
presence of MRD at the time of allo-HCT, and the use of
reduced intensity conditioning, we would suggest that this
patient be considered to receive maintenance enasidenib if
available. If pursued, we suggest beginning maintenance as
early as day +30 if hematologic recovery and toxicity profile
allow and continuing for at least 1 year of maintenance therapy
based on the safety illustrated in our pilot study. If not avail-
able, we would suggest more frequent disease monitoring by
interval bone marrow biopsies with sensitive measurement of
IDH2 mutational status to justify initiation of preemptive ena-
sidenib if MRD becomes detectable. Certainly, if this patient is
eligible for clinical trials investigating targeted or other novel
approaches in the maintenance setting, we would encourage
participation.
5 JANUARY 2023 | VOLUME 141, NUMBER 1 43
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Case 3: Philadelphia
chromosome leukemia
A 51-year-old man presented with new-onset dyspnea. He had
a WBC of 253 × 109/L with 69% blasts and a platelet count of
35 × 109/L. Bone marrow examination revealed B-cell acute
lymphoblastic leukemia (ALL) with 70% B lymphoblasts. Cyto-
genetic evaluation revealed t(9;22) associated with a chimeric
p210 BCR-ABL1 fusion protein. He received hyper-CVAD
(cyclophosphamide, vincristine, doxorubicin, dexamethasone)
chemotherapy in combination with dasatinib for initial therapy
and achieved remission, albeit with persistence of MRD by flow
cytometry. He subsequently received 1 cycle of blinatumomab
with dasatinib to achieve an MRD-negative state (by both flow
cytometry and quantitative BCR-ABL monitoring). He now plans
to proceed with myeloablative allo-HCT from a matched related
donor.
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BCR-ABL1
The treatment of Philadelphia (Ph) chromosome leukemias,
defined by the presence of t(9;22)(q34;q11), has dramatically
shifted with the development of TKIs that inhibit the constitu-
tive kinase activity on the chimeric BCR-ABL1 protein.43 Chronic
myeloid leukemia (CML) is now predominantly managed with
TKIs alone, with allo-HCT being reserved for advanced phase
disease, TKI resistance or intolerance, or other high-risk fea-
tures.44 Although many patients with Ph+ ALL still proceed to
allo-HCT once in remission, TKIs are routinely incorporated into
the treatment strategy, either in combination with chemo-
therapy or as monotherapy.45-47

The widespread access and clinical use of BCR-ABL1 TKIs
outside of allo-HCT naturally led to investigations in the
posttransplant setting. Because initial research focused on the
feasibility and toxicities of this approach, most studies included
both subjects with CML or Ph+ ALL. Early clinical trials investi-
gating the use of maintenance imatinib after transplant
demonstrated feasibility, tolerability, and an association with low
rates of disease relapse.48-50 As newer-generation TKIs became
more common, additional prospective trials and retrospective
analyses have been reported.51 Of note, the feasibility of
maintenance with newer TKIs has come into question. Specif-
ically, 2 separate phase 1/2 studies investigating nilotinib
maintenance found maintenance therapy to be difficult because
of toxicities and competing posttransplant complications.52,53 As
such, the current choice of TKI after transplant is often influenced
by pre-HCT choice, anticipated toxicities, and presence of
detectable BCR-ABL1 domain mutations.54

Larger analyses of TKI maintenance have tried to assess the
clinical effectiveness of the approach for each disease. In a
study from the European Bone Marrow Transplant registry
investigating the impact of TKI therapy on outcomes of allo-
HCT for Ph+ ALL in CR1, posttransplant maintenance TKI use
(n = 60) was independently associated with better leukeima-free
survival (HR = 0.44), OS (HR = 0.42), and lower disease relapse
(HR = 0.40).55 A recent large single center evaluation of TKI
maintenance (n = 97) after allo-HCT in Ph+ ALL reported
encouraging updated outcomes (2-year PFS: 69%; 2-year OS:
73%). The median duration of TKI maintenance was 13 months,
and patients who continued for more than 24 months had a
44 5 JANUARY 2023 | VOLUME 141, NUMBER 1
lower risk of relapse (HR = 0.12), suggesting longer duration
might be beneficial.56 Taken together, the overall clinical
experience suggests that the use of TKIs after transplant is
associated with improved outcomes and is recommended in
Ph+ ALL.51,57,58 In CML, a recent study from the Center for
International Blood and Marrow Transplant Research conducted
a landmark analysis at day +100 after allo-HCT and found
maintenance TKI to have no significant impact on clinical out-
comes.59 Considering that many patients with CML undergoing
transplant in the current era are either TKI refractory or intol-
erant, maintenance therapy may or may not be recommended
depending on the situation.

Given the widespread availability of quantitative BCR-ABL assays,
another major consideration is that preemptive approaches in the
posttransplant setting may be comparable or even superior to
maintenance. A randomized trial of 55 subjects with Ph+ ALL
compared maintenance imatinib with preemptive initiation at the
time of positive MRD testing. There were low rates of hemato-
logic relapse and no significant difference in overall outcomes
between the 2 arms, although maintenance therapy not surpris-
ingly reduced molecular recurrence compared with preemptive
therapy (40% vs 69%, P = .046).60 Given the current widespread
access and familiarity with these agents, definitive randomized
controlled clinical trials regarding maintenance TKI for Ph+ dis-
eases will likely never be conducted, and the true benefit of BCR-
ABL1 TKI maintenance therapy may never be truly known.

Case recommendation
We would suggest that this patient receive maintenance BCR-
ABL1 TKI after allo-HCT. We suggest that he continue with
dasatinib, given his response and tolerability before transplant.
We suggest beginning maintenance TKI as early as day +30 if
hematologic recovery and toxicity profile allow. We recom-
mend at least 2 years of maintenance therapy with sensitive
monitoring of quantitative BCR-ABL transcript at least every 3
months during this period.
Case 4: hypomethylating agent–based
maintenance
A 69-year-old woman was found to have worsening anemia
(hemoglobin level, 7.5 g/dL) and thrombocytopenia (platelet
count, 42 × 109/L). Bone marrow examination was consistent
with MDS with excess blasts-2 (15% blasts). Cytogenetic eval-
uation revealed a complex karyotype, and genomic analysis
revealed a point mutation in TP53 with a VAF of 43%. She
received 4 cycles of decitabine with improvement in hemato-
logic measures. Repeat bone marrow biopsy showed a reduc-
tion of blasts to 2% and a normal karyotype. Genomic analysis
shows persistent detection of the TP53 mutation with a
VAF that decreased to 7%. She now plans to proceed with
reduced-intensity allogeneic HCT from a matched unrelated
donor.

Hypomethylating agents
Hypomethylating agents (HMAs) are well established in the
treatment of myeloid malignancies.61,62 HMAs are thought to
induce re-expression of silenced tumor suppressing genes
through epigeneticmodification andmay also enhance the graft-
DEFILIPP and CHEN
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versus-leukemia effect (GVL) after allo-HCT through increased
expression of tumor antigens.63-65 These agents often result in
clinical disease response with relatively low toxicity, allowing
many patients to proceed to allo-HCT. Because many patients
with myeloid malignancies do not currently possess a targetable
mutation,66-68 HMA has the advantage of being broadly appli-
cable to multiple myeloid diseases (AML, MDS, CMML) and
genomic profiles. A maintenance approach is particularly
appealing for higher-risk disease, such as those possessing
complex cytogenetic abnormalities or TP53 mutations.6,7

Clinical investigations into the use of HMA maintenance after
allo-HCT have produced conflicting results.69 After an initial
promising report of the use of azacitidine after allo-HCT,70 early
trials established safety and recommended dosing schedules. A
phase 1 study enrolled 45 patients and identified the optimal
dosing schedule for azacitidine to be 32 mg/m2 IV administered
daily for 5 consecutive days every 28 days for 4 cycles. The
1-year event-free survival and OS were 58% and 77%, respec-
tively.71 A separate phase 1 study of 27 patients with AML
further supported the tolerability of azacitidine after HCT and
found that azacitidine at a daily dose of 36 mg/m2 both
augmented expansion of regulatory T cells and induced cyto-
toxic CD8+ T-cell response to several tumor antigens.65 Deci-
tabine was evaluated in a phase 1 study enrolling 24 patients,
with 10 mg/m2 for 5 days every 6 weeks appearing to be the
optimal dose, although the maximum tolerated dose was not
reached.72 However, the inability to complete planned therapy
has limited the assessment of maintenance HMAs to prevent
disease relapse. A phase 2 National Cancer Institute/Alliance
trial (Cancer and Leukemia Group B 100801) enrolled
66 patients, but only 42 were able to initiate treatment with
azacytidine, and only 17 completed all 6 cycles as planned.73 In
the largest trial to date, 187 subjects with high-risk AML or MDS
were randomized to 5-azacitidine (32 mg/m2/day IV × 5 days
every 28 days for 12 cycles) or observation after allo-HCT.
Eighty-seven started azacitidine maintenance. The median
number of cycles received was only 4, because 29 relapsed on
study and 23 withdrew because of toxicity, patient preference,
or other logistic reasons. There was no significant difference in
the median relapse-free survival or OS between the 2 groups by
intention-to-treat analysis. This study highlights the challenges
in implementing prolonged HMAmaintenance after allo-HCT.74

Numerous issues remain unknown regarding HMA maintenance
after allo-HCT. First, it will be important to identify patient
populations that are most likely to benefit and potentially
conduct clinical trials in a more biologically homogeneous
population. Second, oral formulations of HMA hold promise in
overcoming issues concerning feasibility. A phase 1/2 dose
finding study found maintenance with oral azacitidine (CC-486)
to be well tolerated and associated with low rates of relapse
and GVHD.75 A phase 3, randomized, placebo controlled trial is
further evaluating CC-486 as maintenance therapy after allo-
HCT (#NCT04173533; Table 2). Additionally, other trials are
investigating the oral agent decitabine/cedazuridine in the
posttransplant setting (#NCT04980404; Table 2). Third, clinical
trials are determining whether maintenance therapy with HMAs
can be augmented with other agents given in combination. In
one study, azacitidine and gemtuzumab ozogamicin (anti-CD33
antibody-drug conjugate) were administered every 4 weeks for
MAINTENANCE THERAPY AFTER ALLOGENEIC HCT
up to 4 cycles. The combination resulted in 1-year disease-free
survival and OS of 60% and 70%, respectively.76 Venetoclax
(BCL-2 inhibitor) and APR-246, a small molecule that refolds
mutant p53 protein, are both being investigated in combination
with HMA as maintenance after allo-HCT (Table 2). Combina-
tions of HMA with FLT3 or IDH inhibitors have not yet been
investigated in the maintenance setting but are used routinely
as primary therapy. Finally, in a phase 2 trial, a risk-adapted
approach of initiating preemptive therapy with azacitidine on
detection of MRD in patients with AML and MDS was successful
in limiting relapse (58% relapse free and alive 6 months after
initiation of treatment) and may be considered as an alternative
to maintenance if MRD is able to be routinely monitored.77

Case recommendation
Given the high risk of relapse driven by the TP53 mutation with
complex karyotype and detectable MRD at HCT and the
exhibited response to HMAs before HCT, we would suggest that
this patient be considered for maintenance HMA-based therapy
after allo-HCT. A thorough discussion of risks and potential
benefits should be pursued with shared decision making with
the patient. We would certainly advocate for participation in any
ongoing clinical trials testing novel approaches for such high-risk
patients, including those that are immunologically based. If a
maintenance HMA-based approach is pursued, we suggest
allowing time for sufficient hematologic recovery, which may
mean not starting until at least day +60 or later. Dose reduction
or longer cycle length is commonly required to avoid hemato-
logic toxicity. We recommend at most 1 year of maintenance
therapy if toxicities and cytopenias allow.

Future directions
Historically, the biggest obstacles for maintenance therapy after
allo-HCT were cytopenias and cumulative immunosuppression
from nontargeted therapies. With the advent of an increasing
number of novel targeted agents, maintenance therapy after
allo-HCT to potentially decrease rates of disease relapse has
become a reality. However, there remain several significant
challenges in conducting definitive trials. Access to agents is
often delayed until commercial approval is gained for other
indications, which allows off-protocol use and deters from
enrollment onto randomized trials. Given the unique immuno-
logic and hematopoietic environment after allo-HCT, early-
phase trials with careful dose-finding designs focused on safety
should likely be performed before larger definitive ones. This is
especially important for agents that may have immunomodu-
latory effects possibly inducing significant GVHD. In addition,
questions remain regarding the actual mechanism of mainte-
nance therapies, even for patients in whom a specific mutation
is targeted. HMA have been speculated to encourage GVL
through induced expression of tumor antigens, and FLT3
inhibitors have multiple targets beyond FLT3. Indeed, there is
evidence that FLT3 inhibition after allo-HCT induces autocrine
interleukin-15 expression, which results in increased suscepti-
bility of mutant cells to T-cell immunity, possibly allowing
improved GVL.78 Trials testing combination approaches such as
those mentioned above with HMAs should also be conducted
with samples collected for careful investigation into mecha-
nisms of relapse. Finally, as we continue to develop increasingly
sensitive assays for MRD, the application of maintenance
5 JANUARY 2023 | VOLUME 141, NUMBER 1 45



therapies after allo-HCT will almost certainly be dictated by
MRD-based stratification or be replaced altogether by pre-
emptive approaches driven by therapy applied at the time of
detectable MRD. Despite all these challenges, it is easy to
envision that post–allo-HCT approaches to prevent relapse will
soon be a standard paradigm for many patients.
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