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A B S T R A C T
Patients with early relapse of acute myelogenous leukemia (AML) or myelodysplastic syndrome (MDS) after
hematopoietic cell transplantation (HCT) have a poor prognosis, and no standard treatment. Twenty-nine patients
with early disease recurrence post-transplantation were treated with azacitidine (AZA; median dose, 40 mg/m2/
day for 5 to 7 days). At a median follow-up of 6.3 months (range, 1.3 to 41.1 months), 7 patients (27%) had a
response to AZA, defined as complete remission, hematologic improvement, or improved donor chimerism.
Response occurred after a median of 3 cycles, and the median duration of response was 70 days (range, 26 to 464
days). Median survival was 6.8 months (95% confidence interval, 3.8 to 11.1 months). Survival was similar in the
patients receiving an AZA dose �40 mg/m2 and those receiving an AZA dose >40 mg/m2. Six patients receiving
donor lymphocyte infusion with AZA had a response or stable disease without worsening graft-versus-host-
disease. We retrospectively used a flow cytometry assay to explore DNA-methyltransferase-1 in blood mononu-
clear cells as a potential pharmacodynamic marker to assess intracellular drug targeting in 8 patients. No
correlation with AZA dose or response was observed. Low-dose AZA appears to have comparable efficacy to
higher-dose AZA post-HCT. A significant proportion of this poor-risk population responded to low-dose AZA,
suggesting a dose-independent, noncytotoxic mechanism for antileukemic activity.

© 2018 American Society for Blood and Marrow Transplantation.
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INTRODUCTION
Patients with early relapse of myelodysplastic syndrome

(MDS) or acute myelogenous leukemia (AML) after allogeneic
hematopoietic cell transplantation (HCT) have a poor progno-
sis. The estimated survival rate of patients who relapse within
6 months of HCT is <5% to 10% [1]. Although withdrawal of
immunosuppression and donor lymphocyte infusion (DLI) are
usually used, treatment options are limited owing to residual
toxicities of conditioning chemotherapy or myeloablative
radiation, as well as the significant risk of graft-versus-host-
disease (GVHD). Azacitidine (AZA) is a cytidine analog that
incorporates into replicating DNA or RNA, and at doses that do
not result in overt cytotoxicity, the incorporated residues bind
to DNA-methyltransferase-1 (DNMT1), leading to DNMT1 deg-
radation and subsequent global DNA hypomethylation [2].
Although AZA has activity in the upfront treatment of patients
with AML and MDS ineligible for intensive therapies, its use in
the post-allogeneic HCT setting may enhance the graft-versus-
leukemia effect while also mitigating GVHD [3,4].

Several retrospective studies have reported achievement of
complete remission in 10% to 27% of AML patients whose dis-
ease relapsed early after HCT and were treated with standard
doses of AZA, 75 to 100 mg/m2 daily for 5 to 7 days [5�7]. How-
ever, owing to the considerable risk of myelosuppression with
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any treatment administered early post-transplantation, the use
of lower-dose AZA (16 to 40 mg/m2 daily for 5 days) has been
investigated previously [8,9]. Optimal dosing of hypomethylat-
ing agents is incompletely understood, and lower doses with
more frequent administration may achieve better intracellular
drug exposure, allowing for optimized DNMT1 depletion [2].

The effects of DNMT1 depletion by AZA are cell cycle S
phase-dependent, and only a fraction of malignant cells enter-
ing S phase at the time in which intracellular drug concentra-
tions reach levels adequate for DNMT1 depletion will be
affected [2]. Intracellular drug exposure is further determined
by drug plasma half-life as well as by cytoplasmic enzymes
that aid intracellular drug accumulation [2]. Thus, DNMT1
depletion by AZA is dependent on an overlap between cell
cycle S phase and adequate intracellular drug concentrations
[2]. To investigate this, we developed a multiparametric cell
cycle informative flow cytometry DNMT1 assay to measure the
direct pharmacodynamic effects of AZA. Here we report clinical
response and DNMT1 levels in blood mononuclear cells of
patients receiving low-dose AZA for MDS/AML relapse after
allogeneic HCT, suggesting that alternative dosing ranges may
achieve equal efficacy with less myelosuppression.

MATERIALS ANDMETHODS
We retrospectively reviewed 29 patients with AML and MDS who

received AZA for treatment of disease relapse after allogeneic HCT at Seidman
Cancer Center, Cleveland, Ohio, between January 2009 and August 2016. All
were considered ineligible for a second HCT owing to early relapse or poor
functional status. A FoundationOne Heme (Cambridge, MA) genomic profiling
assay was performed on bone marrow aspirates at the time of relapse. The
FoundationOne Heme assay uses DNA and RNA sequencing to detect genomic
alterations in >400 cancer-related genes, gene fusions/translocations, and
common drivers of hematologic cancers [10]. Donor chimerism was assessed
in unfractionated cells from the blood or marrow. Starting dose of AZA was at
the discretion of the treating physician. Patient- and disease-specific variables
were examined for their effect on survival and response to AZA. Fisher exact
and Wilcoxon signed-rank tests were used to compare categorical and con-
tinuous variables. Survival was estimated and compared between groups
using the Kaplan-Meier method and the log-rank test.

Patient Samples
We obtained cryopreserved blood and marrow mononuclear cells from

the institutional biorepository when available. The use of these specimens for
research was approved by the Institutional Review Board at University Hospi-
tals Seidman Cancer Center, Cleveland, Ohio. Written informed consent was
obtained from each subject before sample collection.

Pharmacodynamic Analysis of DNMT1 Flow Cytometry
Mononuclear cells were isolated from peripheral blood, cryopreserved in

10% dimethyl sulfoxide, and stored in liquid nitrogen. All procedures were
performed on ice (except where noted), and all centrifugations were done at
400 £ g for 5 minutes at 4°C. Samples were rapidly thawed at 37°C and
immediately placed on ice. Cells were treated with a final concentration of
1.0% formaldehyde (Polysciences, Warrington, PA) for 10 minutes at room
temperature, washed with an excess of ice-cold phosphate buffered saline
(PBS), and centrifuged. Cell pellets were resuspended in a small volume (eg,
100 mL) of ice-cold PBS, followed by the addition of 100% methanol (CH3OH)
(previously chilled to -80°C) to a final concentration of 90%, incubated on ice
for 10 minutes, diluted with an excess of ice-cold PBS, and then centrifuged.
Cell pellets were washed once with ice-cold PBS/2% bovine serum albumin
(BSA) and centrifuged. To block nonspecific antibody binding, cells were
resuspended in ice-cold PBS/2% BSA for 30 minutes. At this point, the cell con-
centration of each sample was determined using a Hemavet HV950FS Multi-
species Hematology System (Drew Scientific, Miami Lakes, FL). Aliquots
containing 1 million cells from each sample were placed in 12£ 75-mm tubes
and then centrifuged. Cell pellets were resuspended in 100 mL of ice-cold PBS/
2% BSA containing unlabeled rabbit anti-Dnmt1 monoclonal antibody (0.0625
mg/test; Abcam, Cambridge, MA; catalog no. ab92314) and incubated for 1
hour. Samples were washed three times, with each wash followed by a
10-minute incubation with 1 mL of PBS/2% BSA and then centrifugation. After
the third wash, Cyclin A2-FITC (20 mL/test; clone 11B2G3; Beckman Coulter,
Indianapolis, IN; catalog no. A22327), CD45-PerCP (5 mL/test; clone HI30;
BioLegend, San Diego, CA; catalog no. 304026), CD117-PE (5 mL/test; clone
104D2D1; Beckman Coulter; catalog no. IM2732U), CD34-PC7 (3 mL/test;
clone 581; Beckman Coulter; catalog no. A51077), F(ab0)2-goat anti-rabbit
IgG (H+L) Alexa Fluor 647 (0.0938 mg/test; Thermo Fisher Scientific, Waltham,
MA; catalog no. A21246) and unlabeled normal mouse IgG (25 mg per test;
Thermo Fisher Scientific; catalog no. 10400C) were added in a final volume of
100 mL, followed by incubation for 1 hour. After the incubation and without
washing, 3.5 mL of PBS containing 0.5 mg/mL 40 ,6-diamidino-2-phenylindole
(DAPI) was added to each sample. All samples were analyzed on an Attune
NxT Acoustic Focusing Cytometer (Thermo Fisher Scientific) at a flow rate of
500 mL/minute. Compensation was performed with CompBeads Set Anti-
Mouse Ig, k (BD Biosciences, San Jose, CA; catalog no. 552843) and Flow
Cytometry Protein G Antibody Binding Beads (Bangs Laboratories, Fishers, IN;
catalog no. 554/11863).

Data Analysis
WinList 3D version 8.0 (Verity Software House, Topsham, ME) was used

for postacquisition analysis. Doublet discrimination was performed using the
DAPI area and peak signals. Gated singlet events were displayed in bivariate
plots of DNMT1 versus DNA content to identify S + G2 +M phase cells as a
function of DNA content. The boundaries dividing defining DNMT1-negative
events were set as a rectangular region that bisects G0/G1 versus DNMT1 dis-
tribution at the mode (peak value) and extends to include all G0/G1 cells
below this point. The median DNMT1-negative value was subtracted from
the median DNMT1-positive value for S phase cells. This rule-based objective
method is based on the idea that DNMT1 is expressed in late G1, S, and G2,
which has been determined using HC116 cells and HC116 DKO cells [11]
(data not shown). The data were further normalized for antibody-binding
bead levels to account for instrument and staining variability of samples
stained on different days. DNMT1 levels were calculated from S phase meas-
urements for all peripheral blood mononuclear cells. This allowed for uniform
data analysis in patients with and without circulating leukemia cells at the
time of blood sampling.

RESULTS
Patient and transplantation characteristics are summarized

in Table 1. The median patient age was 63 years (range, 28 to
74 years). Twelve patients (41.3%) had unfavorable or monoso-
mal karyotype, 17 (58.6%) had measurable residual disease by
multiparametric flow cytometry at the time of HCT, and
7 (24.1%) had refractory disease, reflecting an overall high-risk
population for relapse after transplantation. A reduced-inten-
sity conditioning regimen was used in 25 patients (86.2%).

Disease relapse occurred at a median of 105 days (range, 23
to 1477 days) after HCT. Relapse characteristics are summa-
rized in Supplementary Tables S1 and S2. Of the 2 patients
with isolated central nervous system (CNS) relapse, 1 received
prophylactic intrathecal chemotherapy and had no leukemia
involvement in the CNS detectable by cytology pretransplanta-
tion, and the other received no prophylactic intrathecal che-
motherapy and had no CSF assessment before HCT, owing to
low clinical suspicion of CNS involvement. One patient experi-
enced isolated extramedullary relapse of thoracic prevertebral
myeloid sarcoma masses and received radiation. One patient
was started on AZA for decreasing donor chimerism (85%)
while in hematologic and molecular remission without
measureable residual disease by flow cytometry, but later pro-
gressed to marrow relapse of MDS.

The AZA dose was determined by the treating physician.
The median starting dose of AZA was 40 mg/m2/day (range, 16
to 100 mg/m2/day) for 5 to 7 days of a 28-day cycle. Subse-
quent dose increase occurred in 7 patients initially receiving
doses of 16 to 50 mg/m2/day with an average maximum
increase of 29 mg/m2/day. The dose was subsequently
decreased in 2 patients initially receiving doses of 40 and 75
mg/m2/day. The median number of AZA cycles administered
was 3 (range 1-19). Ten patients (5 with HLA-matched related
donors, 3 with HLA-matched unrelated donors, 2 with
HLA-haploidentical donors) received at least 1one donor lym-
phocyte infusion (DLI) of 1£ 107 CD3+ cells/kg during AZA
treatment (median DLI per patient, 2; range 1-5). The first DLI
was given during the first or second cycle of AZA in the major-
ity of patients.



Table 1
Patient and Transplantation Characteristics

Characteristic Value

Age at transplantation, yr, median (range) 63 (28-74)
Sex, n (%)

Female 10 (34.5)
Male 19 (65.5)

Disease, n (%)
AML 23 (79.3)
MDS 6 (20.7)

Secondary AML, n (%)
No 19 (65.5)
Yes 10 (34.5)

Cytogenetics, n (%)
Intermediate 12 (41.4)
Monosomy 6 (20.7)
Unfavorable 6 (20.7)
Unknown 5 (17.2)

Disease status at HCT (AML), n (%)
CR1 17 (74.0)
CR2 3 (13.0)
Refractory 3 (13.0)

FLT3 ITD, n (%)
Negative 14 (48.3)
Positive 5 (17.2)
Unknown 10 (34.5)

NPM1 mutation, n (%)
Negative 11 (37.9)
Positive 4 (13.8)
Unknown 14 (48.3)

MRD by flow cytometry pre-HCT, n (%)
No 12 (41.4)
Yes 17 (58.6)

Donor, n (%)
DUCB 7 (24.1)
HLA-haploidentical 2 ( 6.9)
HLA-matched sibling 8 (27.6)
HLA-matched unrelated 12 (41.4)

Graft, n (%)
Mobilized blood 22 (75.9)
Cord blood 7 (24.1)

Preparative regimen, n (%)
Myeloablative 4 (13.8)
Reduced intensity 25 (86.2)

Total body irradiation, n (%)
No 17 (58.6)
Yes 12 (41.4)

ATG, n (%)
No 16 (55.2)
Yes 13 (44.8)

MRD indicates measurable residual disease; DUCB, double umbilical cord
blood.
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At a median follow-up of 6.3 (range 1.3-41.1) months, 7
(27%) had a response to AZA defined as complete remission
(CR; 1 patient), hematologic improvement (2 patients), or
improvement in donor chimerism (4 patients; median
increase, 36%; range, 18% to 59%). Three patients who had iso-
lated CNS or extramedullary relapse were not included in
response assessment because they had site-directed therapy
(intrathecal chemotherapy or radiation to extramedullary
site); they were included in survival analysis only. An addi-
tional 6 patients (21%) exhibited stable disease, defined as no
increase in circulating blasts for �4 weeks. One patient
achieved a CR of AML with 7% marrow blasts at relapse, with a
sustained CR for>2.5 years without immunosuppression with-
drawal due to ongoing chronic GVHD. The median survival for
the entire cohort was 6.8 months (95% confidence interval, 3.8
to 11.1 months) (Figure 1A).

In patients who had a response (as defined above), the
median number of AZA cycles to the best response was 3
(range, 1 to 4) with a median duration of response of 70 days
(range, 26 to 464 days). One patient died of aspergillus pneu-
monia without disease progression, and 1 patient remained in
CR for >2.5 years after initiation of AZA. Any response to AZA
(including objective response or stable disease) was associated
with increased survival (7.6 months versus 3.2 months;
P = .026) (Figure 1B). Response (including objective response or
stable disease) was significantly higher in those who did not
receive antithymocyte globulin (ATG) in the conditioning regi-
men (77% response rate in the no ATG group versus 23% in the
ATG group; P = .017). There was no significant difference in
response between patients who received DLI and those who
did not receive DLI (75% versus 39%; P = .20) and between
patients who received an AZA dose �40 mg/m2 and those who
received an AZA dose >40 mg/m2 (63% versus 33%; P = .23).
Lower-dose or higher-dose AZA was not associated with a sig-
nificant difference in survival (7.6 months versus 4.9 months;
P = .50) (Figure 1C).

Safety
Of the 126 total cycles of AZA administered, 49 cycles (39%)

were associated with grade 3 or 4 neutropenia or thrombocyto-
penia. Fourteen patients (48%) had at least 1 cycle delayed for
>4 weeks due to infectious complications. Among 16 patients,
there were 31 total hospital admissions within 30 days of AZA
administration. Only 1 patient died of a cause not attributable to
progressive disease. The incidences of grade 3 or 4 neutropenia,
grade 3 or 4 infection, number of hospital admissions, inpatient
days, and treatment cycle delays were not significantly different
between patients receiving an AZA dose of �40 mg/m2 and
those receiving an AZA dose>40mg/m2.

GVHD
Twenty-two patients (76%) were receiving systemic immu-

nosuppressive therapy at the time of AZA initiation. Of these, 9
patients had no previous acute or chronic GVHD and were tak-
ing a calcineurin inhibitor and/or mycophenolate mofetil for
prophylaxis, 10 were receiving immunosuppression for previ-
ous acute GVHD, and 3 were receiving immunosuppression for
previous chronic GVHD. Of the 22 patients, 11 had immunosup-
pression successfully tapered or discontinued without subse-
quent development or recurrence of GVHD. In the entire cohort,
5 patients developed new or recurrent acute GVHD at a median
of 76 days (range, 15 to 192 days) after AZA initiation, and all
had grade I-II skin GVHD that was successfully treated with sys-
temic or topical steroids; 2 had received DLI as well. Five
patients developed mild to moderate chronic GVHD at a median
of 114 days (range, 92 to 396 days) after AZA initiation.

DNMT1 Assay
We measured intracellular DNMT1 levels in peripheral

blood mononuclear cells in S phase via a multiparametric cell
cycle informed flow cytometry assay to explore the pharmaco-
dynamic effects of low-dose AZA (Figure 2). Eight patients had
pre-AZA and post-AZA blood samples available (Supplemen-
tary Table S3). Pre-AZA baseline samples were obtained within
2 weeks of the initiation of AZA treatment in all but 2 patients
in whom pretreatment samples were obtained approximately
8 weeks before AZA initiation. Pretreatment bone marrow
samples were not available for any of the subjects. In our lim-
ited number of samples, there was no clear association
between AZA dose and change in DNMT1 level post-treatment
(Figure 3A), although the effect of AZA may become more uni-
form (less variable) as a function of dose. Five patients dis-
played a modest change in DNMT1 levels before and after
treatment, with more pronounced changes within the first few



Figure 1. Survival from the time of disease relapse after allogeneic HCT. (A) Median survival for the entire cohort was 6.8 months (95% confidence interval, 3.8 to 11.1
months). (B) Survival was significantly higher in those who responded to AZA (7.6 months versus 3.2 months; P = .026). Response was defined as complete remission,
hematologic improvement, improvement in donor chimerism, or stable disease, defined as no increase in circulating blasts for �4 weeks. (C) Survival did not differ
significantly between patients receiving lower AZA doses and those receiving higher AZA doses (7.6 months versus 4.9 months; P = .50).
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days of a treatment cycle (Figure 3B). Finally, patients who had
an objective response to treatment exhibited lower DNMT1
levels at baseline, as well as a smaller fraction of blood cells in
S phase (Figure 3C).

DISCUSSION
In our analysis of patients with AML and MDS with early

disease relapse after allogeneic transplantation who were not
eligible for more aggressive therapies, treatment with low-
dose AZA with or without DLI showed a durable response in a
proportion of patients. One patient who experienced full
hematologic relapse achieved long-term CR.

AZA has been shown to promote the graft-versus-leukemia
effect through enhanced expression of leukemia-associated
antigens [12]. Increases in leukemia-directed cytotoxic T cells
also have been observed in patients after AZA treatment [3].
Figure 2. Intracellular DNMT1 measured by flow cytometry in peripheral blood mono
citidine administration. After doublet discrimination was performed using the DAPI
identify S (R4) and G2 +M (R5) phase cells. DNMT1 was measured as the median DN
phase cells.
Corresponding to this observation, we found lower response
rates in patients who received ATG in the conditioning regi-
men. Although this finding needs to be confirmed in a larger
cohort, it suggests that depletion of donor T cells by ATG may
reduce the potential for AZA to enhance donor T cell-mediated
antileukemic effects. On the other hand, AZA has been shown
to enhance the proliferation of T regulatory cells [3], possibly
resulting in mitigation of GVHD. Murine models and human
studies have shown inhibition of T cell proliferation and
decreased production of proinflammatory cytokines in an apo-
ptosis-independent manner after AZA administration. In addi-
tion, reexpression of FOXP3 and expansion of regulatory T cells
after drug exposure has been observed [4]. Thus, the immuno-
modulatory role of AZA in the post-transplantation setting
may have implications in disease control as well as in control
of GVHD.
nuclear cells in patient 11 before (A) and 3 days after initiation (B) of daily aza-
area and peak signals, gated singlet events were displayed by DNA content to
MT1 negative value subtracted from the median DNMT1-positive value for S



Figure 3. Post-treatment DNMT1 levels as a fraction of pretreatment baseline measured by flow cytometry. Samples were available for 8 patients at 10 post-treat-
ment time points. (A) AZA dose and change in DNMT1 level post-treatment. (B) Change in DNMT1 level relative to day of treatment cycle. (C) Baseline DNMT1 levels
and percentage of peripheral blood mononuclear cells in S phase pretreatment. Dark circles represent patients who exhibited a response to treatment. DNMT1 was
measured as the median DNMT1-negative value subtracted from the median DNMT1-positive value for S phase cells.
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Genomic profiles at the time of relapse was available for 7
patients (Supplementary Table S2). In previous studies, TET2
and DNMT3A mutations were associated with a response to
hypomethylating agents in the nontransplantation setting [13]
and the post-transplantation setting [14], whereas TP53 muta-
tions were associated with a poor response to post-transplan-
tation azacitidine [14]. In our cohort, 2 patients had a TET2
mutation at the time of relapse, 1 of whom exhibited stable
disease on azacitidine therapy. Although our study is limited
by a small sample size, genomic profiling and mutational anal-
ysis post-transplantation may be used in the future to inform
which patients will benefit from hypomethylating agents for
treatment or prevention of relapse.

The occurrence of new acute GVHD after AZA treatment in
our cohort was limited to grade I or II skin GVHD responsive to
systemic or topical steroids in all cases. Furthermore, most
patients who were receiving immunosuppressive therapy at
the time of AZA initiation were tapered successfully. Notably,
only 2 of the 10 patients in our cohort who received DLI expe-
rienced an acute GVHD flare. Consistent with this finding,
other studies have reported low rates of GVHD with prophy-
lactic use of concurrent AZA and DLI to prevent relapse after
transplantation [15].

Although hypomethylating agents are typically considered
noncytotoxic therapy, cytopenias are a major reason for infec-
tious complications, bleeding, and delay or discontinuation of
therapy [2]. Myelosuppression is a major concern, especially in
the early post-transplantation setting. Previous retrospective
reports of treatment of relapsed AML or MDS after transplanta-
tion with standard doses of AZA report an approximate 65%
incidence of grade 3 or 4 cytopenia [7]. Although many factors,
particularly baseline myelosuppression related to the underly-
ing disease or recent conditioning chemotherapy, confound
this analysis, the 39% incidence of grade 3 or 4 neutropenia or
thrombocytopenia in our cohort is lower than cited in previous
reports. Lower AZA doses may explain this difference, although
such a conclusion requires confirmation in a larger study.

Lower doses of AZA have been proposed in both the upfront
treatment of MDS and AML and the post-transplantation set-
ting, in part to avoid the myelosuppression associated with
unwanted side effects. In 1 study, 5 of 9 patients (55%) with
recurrent AML at a median of 8 months after HCT who received
AZA 16 to 40 mg/m2 daily for 5 days had a response, of whom 3
achieved complete remission for up to 15 months [9]. Low-
dose AZA has also been demonstrated to be safe for use as
maintenance therapy after allogeneic transplant, with a daily
dose of 32 mg/m2 for 5 days of 28-day cycles for 4 cycles found
to be the most optimal in terms of time to development of
toxicity [8]. Evidence of response to this agent at low doses fur-
ther support its investigation in the preventive setting. Mainte-
nance oral azacitidine (CC-486) after HCT in patients with AML
and MDS may allow for extended dosing and prolonged drug
exposure, and a prospective dose-finding study recently
showed this agent to be well tolerated with low rates of
relapse, disease progression, and GVHD [16].

There is no standard of care for treating relapsed MDS or
AML after allogeneic HCT. As with the patients in our cohort,
those who experience early disease relapse are often not candi-
dates for intensive therapy or a second allogeneic HCT, and out-
comes are poor. A previous large retrospective analyses found
an estimated 2- to 3-year survival of 4% to 9% in patients with
relapsed disease at <180 to 200 days post-transplantation [1].
In a prospective study of 39 patients with early relapse (<100
days) or persistent AML/MDS after allogeneic HCT, Woo et al
[17] found a 2-year overall survival of 25% with the use of AZA
75 mg/m2. The patients in our cohort were not candidates for
more intensive approaches to treatment, and the observed
response and survival values are comparable to those obtained
with more intensive chemotherapy. For patients who achieve
CR or a sustained response to AZA, a second allogeneic HCT is a
consideration. In our cohort, 1 patient went on to a second allo-
geneic HCT, a rate comparable to the 2% reported in other retro-
spective analyses of early post-transplantation relapse [1].

Finally, we retrospectively tested a multiparametric cell
cycle informed flow cytometry assay to measure DNMT1
before and after AZA treatment in a limited number of patients.
Although conclusions cannot be drawn from the data in this
small cohort, lower pretreatment DNMT1 expression may be
associated with response, as was seen in our longest-respond-
ing patient who achieved CR of overt marrow relapse. Further-
more, owing to the retrospective nature of the study, the
timing of sample collection was not predetermined, and most
samples were obtained at 2 to 3 weeks after a cycle of drug
administration. A more significant degree of DNMT1 depletion
may be captured when blood samples are obtained within a
short period (hours to days) after drug exposure rather than
many days after drug administration, given the short plasma
half-life of AZA. These studies are currently ongoing. Although
such pharmacodynamic monitoring would be useful in all set-
tings, it is particularly important in the post-transplantation
setting, in which myelosuppression and additional toxicity are
of even greater concern.

In conclusion, low-dose AZA may be effective in a small
proportion of patients with high-risk MDS and AML with early
relapsed disease after allogeneic HCT. It appears to cause less
cytopenia and does not exacerbate GVHD. Pharmacodynamic
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monitoring as a strategy to optimize AZA use merits prospec-
tive assessment. Low-dose AZA provides a platform for other
immune manipulations to prevent relapse after allogeneic
HCT, such as immune checkpoint inhibitors or other strategies
that would capitalize on increased tumor immunogenicity.
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