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Simple Summary: Azacitidine (AZA) is a hypomethylating agent with well-known antileukemic
activity. Due to its favorable safety profile, AZA is widely used alone or in association with other
drugs for the frontline treatment of patients with acute myeloid leukemia (AML) unfit for intensive
chemotherapy. To date, only a few studies have used AZA as maintenance therapy during complete
remission in patients with AML. In our phase-3 randomized multicenter trial, AZA improved disease-
free survival (DFS) up to 2 and 5 years in patients aged >68 years compared to best supportive care
(BSC). No patients died before leukemic relapse and no differences in patient-reported outcome
measures between AZA and BSC patient groups were observed. The most frequent side effect seen in
patients was low neutrophil count. In summary, AZA given as a post-remission therapy was found
to provide benefit in AML patients aged >68 years.

Abstract: This phase-3 randomized multicenter trial evaluated the efficacy of subcutaneous azaciti-
dine (AZA) post-remission therapy vs. best supportive care (BSC) in elderly acute myeloid leukemia
(AML) patients. The primary endpoint was the difference in disease-free survival (DFS) from com-
plete remission (CR) to relapse/death. Patients with newly diagnosed AML aged >61 years received
two courses of induction chemotherapy (“3+7” daunorubicin and cytarabine) followed by consolida-
tion (cytarabine). At CR, 54 patients were randomized (1:1) to receive BSC (N = 27) or AZA (N =27)
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ata dose of 50 mg/m? for 7 days every 28 days and the dose increased after the 1st cycle to 75 mg/m?
for a further 5 cycles, followed by cycles every 56 days for 4.5 years. At 2 years, median DFS was
6.0 (95% CI: 0.2-11.7) months for patients receiving BSC vs. 10.8 months (95% CI: 1.9-19.6, p = 0.20)
months for AZA. At 5 years, DFS was 6.0 (95% CI: 0.2-11.7) months in the BSC arm vs. 10.8 (95% CI:
1.9-19.6, p = 0.23) months in the AZA arm. Significant benefit was afforded by AZA on DFS at 2 and
5 years in patients aged >68 years (HR = 0.34, 95% CI: 0.13-0.90, p = 0.030 and HR = 0.37, 95% CI:
0.15-0.93, p = 0.034, respectively). No deaths occurred prior to leukemic relapse. Neutropenia was
the most frequent adverse event. There were no differences in patient-reported outcome measures
between study arms. In conclusion, AZA post-remission therapy was found to provide benefit in
AML patients aged >68 years.

Keywords: acute myeloid leukemia; elderly; post-remission therapy; azacitidine

1. Introduction

The achievement of complete remission (CR) is an important milestone for patients
with acute myeloid leukemia (AML) undergoing curative-intent therapy [1]. Advanced
age, comorbidities, and biological aspects of leukemia in older adults [2] affect the ability
of such patients to tolerate treatment and contribute to worse outcomes with lower rates of
CR compared to younger patients [3,4].

Independent of their age, virtually all patients who achieve remission with induction
therapy for AML will relapse within months, unless additional therapy is given [5]. Conse-
quently, there has been long-standing interest in the use of lower-intensity maintenance
therapies after completion of the intensive treatment phase, to prolong the duration of
remission and increase survival and the likelihood of cure [6-8].

Azacitidine (AZA) is a hypomethylating agent with well-known antileukemic activity,
widely used alone or in association with other drugs for the frontline treatment of AML
patients unfit for intensive chemotherapy, due to its favorable safety profile [9-13]. A recent
report tested AZA as maintenance therapy for 1-year treatment after CR achievement in
elderly AML patients, showing an advantage in prolonging relapse-free survival (RFS)
but not overall survival (OS) [14]. Moreover, in a placebo-controlled randomized clinical
trial, which evaluated oral AZA formulation (CC-486) as a maintenance therapy in patients
aged >55 years following induction, there were significantly longer OS and RFS in those
receiving the investigational product [15].

The aim of the present randomized phase-3 trial was to test the efficacy and safety of
long-term AZA maintenance compared to placebo in AML elderly patients who achieved
their first CR after a homogeneous intensive induction and consolidation phase.

2. Materials and Methods
2.1. Study Design

This trial had a prospective, randomized, open-label, multicenter, national, phase-3
design. We estimated an enrolment of 135 patients with newly diagnosed AML to receive
induction and consolidation chemotherapy to reach 54 patients in CR, randomized 1:1
to receive prospective AZA vs. Best Supportive Care (BSC) until relapse (Supplemen-
tary Materials Figure S1). Ethics committee approval and written informed consent was
obtained from all patients. This study complies with ethical standards laid down in the
1975 Declaration of Helsinki and was registered at clinicaltrials.gov (NCT05188326) and in
the EU Clinical Trials Register (2010-019710-24).

2.2. Patients

Patients were included according to the following criteria: age > 61 years; newly
diagnosed AML with >30% myeloid bone marrow (BM) blasts, either de novo or evolving
from a myelodysplastic syndrome (MDS) not previously treated with chemotherapeutic



Cancers 2023, 15, 2441

30f17

agents; absence of central nervous system involvement; no contraindications for intensive
chemotherapy, defined as: (a) prior congestive heart failure requiring treatment and/or
left ventricular systolic ejection fraction below the normal range; (b) creatinine or bilirubin
levels > 2-fold the upper limit of normal, except if AML-related; (c) ECOG performance
status scale > 2; (d) uncontrolled severe infection.

2.3. Endpoints

The primary endpoint of this study was to evaluate the difference in disease-free
survival (DFS) at 2 and 5 years between AZA and BSC arms. DFS was calculated from the
date of achievement of CR to the date of first relapse (either AML or MDS recurrence) or
death with censoring at the date of last contact if alive and disease-free.

Secondary endpoints were the number and length of hospitalizations in the post-
remission period, OS at 2 and 5 years, and changes in quality of life (QoL) scores from
diagnosis. The number and length of hospitalizations to assess the secondary endpoints
did not include those required to receive the investigational treatment (AZA). OS was
calculated from the date of achievement of CR to the date of death with censoring at the
date of last contact if alive and disease-free. CR post induction was defined according to
the following criteria [16]:

(a) BM contains <5% blasts, including monoblasts and promonocytes in M5 leukemia;

(b) BM cellularity of at least 20% with maturation of all cell lines;

(c) Absence of Auer rods;

(d) Absence of extramedullary leukemia;

(e) Absence of peripheral leukemic blasts;

(f) Hemoglobin levels > 9 g/dL, absolute neutrophil count > 1.5 x 10°/L, and platelet
count > 100 x 10° /L.

Subsequent CR evaluations were protocol-defined by BM evaluation every 6 months
from randomization or at the discretion of the investigator.
Partial remission (PR) was defined as:

(a) BM contains 5-25% blasts, or <5% blasts in the presence of Auer rods;
(b) Absence of peripheral leukemic blasts.

If neither CR nor PR are reached, refractory AML is defined.

QoL measures were obtained with QOL-E version 3 and EORTC QLQ-C30 version 3
questionnaires [17,18] at the following time points: baseline, at first induction cycle, after
consolidation at randomization, post-remission cycle 2, 4, 7, and every 6 months after
post-remission cycle 7.

2.4. Induction and Consolidation Chemotherapy

Newly diagnosed AML patients underwent standard induction chemotherapy con-
sisting of two courses of 3+7 with daunorubicin at a daily dosage of 40 mg/m? for 3 days
(days 1-3) in combination with 100 mg/m? cytarabine per day as continuous intravenous in-
fusion for 7 days (days 1-7). After the first and second cycle, BM aspirates were performed
for response evaluation.

After the second cycle of induction chemotherapy, patients in CR started consolidation
therapy, which consisted of a 3 h infusion of 800 mg/m? cytarabine given twice daily
(days 1-3).

2.5. Post-Remission Therapy

Patients in CR after consolidation were randomly assigned to receive BSC or AZA ther-
apy. AZA was administered according to the following regime: 50 mg/m? subcutaneously
for 7 days. If well tolerated during the first 28-day cycle (lack of treatment-emergent serious
adverse events), the dose was increased for the following five cycles to 75 mg/m?, followed
by 7-day administration every 56 days for a maximum of 4.5 years.
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2.6. Bone Marrow Assessment

BM assessment for morphology and cytogenetics was performed in accordance with
local laboratory procedures at diagnosis, after each induction cycle, after consolidation cycle,
and every six months post the randomization phase until documented disease relapse.

At the time the trial was written, measurable residual disease (MRD) was not a
factor for prognostic and efficacy-response assessments; therefore, it was not mandatory
to collect MRD data. However, MRD data from immunophenotype and mutational
status were obtained from 40 evaluable cases with bone marrow samples collected at
baseline, at randomization, and during the trial. MRD was evaluated in a single institution
(Grande Ospedale Metropolitano Bianchi Melacrino Morelli, Reggio Calabria, Italy) by
multiparameter flow cytometry (MFC)-MRD and real-time quantitative polymerase chain
reaction (PCR) according to European LeukemiaNet recommendations [19]. Additional
information on sequencing and flow cytometry to evaluate MRD are provided in the
Supplementary Materials.

2.7. Quality of Life Assessments

Patients completed the EORTC QLQ-C30 and the QOL-E questionnaires at baseline,
after first induction cycle, on the visit prior to randomization, at 2, 4, and 6 months
after randomization, and every 6 months until the end of the trial. Each assessment was
performed prior to any other assessment scheduled for the visit on the same day.

2.8. Statistical Analysis Plan

The sample size at randomization was calculated according to the proportions of
patients alive and disease-free at 2 and 5 years. These proportions, defining the alternative
hypothesis, were expected to be 0.15 and 0.05 in the control group and 0.50 and 0.30 in
the AZA arm. According to this model, 27 subjects were required in each arm to detect a
difference between the survival curves after 2 and 5 years, with power of 0.80 and a two-
sided level of significance of 0.05. We considered that 40% of the patients enrolled would
reach the randomization time point, so that approximately 136 patients were required to be
included in the study.

Patient characteristics, including demographics, concomitant diseases, AML char-
acteristics, and all other variables were collected by electronic CRF (Dielnet SrL, Reggio
Calabria, Italy).

Data were summarized as mean and standard deviation, median and interquartile
range (IQR), or absolute frequency and percentage, as appropriate. Between group compar-
isons of continuous variables were performed by independent ¢-test or Mann-Whitney U
test whereas within-group comparisons were performed by paired f-test or Wilcoxon test,
as appropriate.

2.8.1. Disease-Free Survival

Analysis of DFS was performed according to the allocation arm at predefined time
points (2 and 5 years) by the Kaplan-Meier method and the two curves were compared
using the log-rank test. The effect of the allocation arm on DFS at 2 and 5 years was
further investigated by crude and cytogenetic risk-adjusted Cox regression analyses. Data
were expressed as hazard ratios (HRs), 95% confidence intervals (CIs), and p values. The
adjustment for cytogenetic risk (codified in binary terms: low/intermediate vs. high) was
performed based on pathophysiological considerations and previous papers published in
the field [14]. The efficacy of AZA vs. BSC on DFS at 2 and 5 years was also investigated by
Kaplan—-Meier analysis according to age categories (below /above the median age value)
and MRD status.

The effect of MRD on DFS at 2 and 5 years was investigated in the whole sample and
separately by study arm. The potential modification by age (below/above the median
age; 68 years), cytogenetic risk, MRD, and TP53 mutation on the effect of AZA vs. BSC on
DEFS at 2 and 5 years was investigated by including into the same Cox regression analysis
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each potential effect modifier, the allocation arm, and the interaction (multiplicative) term
between each candidate effect modifier and the allocation arm.

2.8.2. Number of Hospitalizations

The effect of allocation arm on the frequency of hospitalizations was investigated by
comparing (Fisher’s exact test) the proportion of patients who were hospitalized in the
post-random phase in the two study groups. The sum of the days of hospitalization as well
as the median number (and IQR) of days of hospitalization per patient in the post-random
phase were also reported by study arms.

2.8.3. Quality of Life

Standardized QoL scores were calculated according to the authors’ instructions for
QOL-E and EORTC QLQ-C30 questionnaires. All scales had standardized scores ranging
between 0 and 100. Higher scores indicate better QoL, except for EORTC-QLQ C30 symp-
tom scales, and scales were scored if the patient answered at least half of the items in a
multi-item scale.

A change in the value of scores from baseline and between arms can be investigated
by minimal clinically importance difference (MCID) that represents the cut-off value to
distinguish patients experiencing a significant change in PRO scores. If the PROM does not
provide a pre-established MCID value, it was generated after all the patients have been
included in the trial based on the baseline PRO score. A MCID was defined as >0.5 standard
deviations of the baseline domain score (assessed at diagnosis) for all QOL-E and EORTC
QLQ-C30 domains [20].

The effect of the allocation arm on PRO data as well as on the achievement of MCID
was investigated by crude and age-adjusted linear mixed models (LMMs) and general-
ized estimating equations (GEEs), respectively. In LMMs, data were given as regression
coefficients (expressing the magnitude of treatment effect), 95% Cls, and p values. In GEE
models, data were expressed as OR, 95% Cls, and p values.

2.8.4. Overall Survival

The analysis of OS was planned according to the allocation arm at predefined time
points (2 and 5 years) by the Kaplan-Meier method for comparison between two curves by
the log rank test and data expressed as HRs, 95% Cls, and p values.

Data analysis was performed by two commercially available statistical software: SPSS for
Windows Version 22, IBM, USA, and STATA 16 StataCorp, Lakeway Drive, College Station,
TX, USA.

3. Results
3.1. Patients

A total of 149 patients were enrolled to randomize 54 patients. At study closure,
1 patient in BSC was still in the study (3 years and 10 months follow-up post randomization).
The main characteristics of patients at diagnosis are described in Table 1.

3.2. Pre-Randomization Phase

Seven patients (4.7%) died before starting induction chemotherapy. After the first
induction cycle, 50 patients (33.6%) obtained a CR and 22 (14.8%) a partial remission
(PR), and 50 patients (33.6%) were resistant, while 13 (8.7%) died during first induction
chemotherapy (causes of death are shown in the Supplementary Materials Table S1). Seven
subjects refused to continue and one was lost on follow-up. A CONSORT flow diagram
of the detailed pre-randomization phase is shown in Figure 1. A total of 54 patients were
randomized (27 in AZA arm and 27 in BSC arm).
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Table 1. Baseline characteristics of patients.

Characteristics All Patients (N = 149)

Age, median years (IQR) 69 (65-74)
Male, N (%) 78 (52%)

AML de novo, N (%) 121 (81%)
Hemoglobin, mean g/dL (£SD) 91+14

White blood cell x 103, median (IQR) 7.9 (2.5-28.8)
Platelet x 103, median (IQR) 52 (26-84)
WHO Classification, N (%)

AML with minimal differentiation 28 (18.8%)

Acute myelomonocytic leukemia 28 (18.8%)

AML with myelodysplasia-related changes 28 (18.8%)

AML with maturation 24 (16.1%)

Acute monoblastic and monocytic leukemia 17 (11.4%)
AML without maturation 12 (8.1%)
AML with recurrent genetic abnormalities 8 (5.3%)
Therapy-related myeloid neoplasms 2 (1.3%)
Acute erythroid leukemia 1 (0.7%)
Acute megakaryoblastic leukemia 1 (0.7%)

Cytogenetic risk profile, N (%)

Good 1(0.7%)

Intermediate 104 (69.8%)

Poor 26 (17.4%)

Not evaluable 18 (12.1%)

AML = acute myeloid leukemia, WHO = World Health Organization.

[ Source population (N=149) ]

Off protocol (N=15)
7 died

7 withdrew consent
1 lost to follow-up

First induction chemotherapy
N =134 (CR = 50, PR = 22)

Off protocol (N=64)
50 resistant
13 died
1 protocol violation

Second induction
chemotherapy
N =70 (CR = 61)

7 resistant or refractory
2 died

Consolidation chemotherapy
N =61 (CR = 59)

Off protocol N=7
2 refractory
3 withdrew consent
2 protocol violation

.
(
.
.
f
.

— S

Randomized (N = 54)
(ratio 1:1)
AZA =27;BSC =27

Figure 1. CONSORT flow diagram of pre-randomization phase. AZA = azacitidine, BSC = best

supportive care, CR = complete remission, PR = partial remission.
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3.3. Post-Randomization Phase

The main characteristics of the 54 patients at randomization and according to random
arm are shown in Table 2. Age differed (p = 0.069) with a nearly 3-year trend difference in
mean age between the two allocation arms (Supplementary Materials Figure S2).

Twenty-three patients had an increase in the dose of AZA after the 1st cycle, 3 patients
did not increase the dose due to neutropenia, and 1 patient did not increase the dose due to
being off-protocol after 1st cycle relapse.

Table 2. Characteristics of patients at randomization.

AZA BSC All Patients

Characteristics (N = 27) (N =27) (N = 54) p Value
Age, mean years (£SD) 67.7 £ 5.2 704 +55 69.1 £55 0.069
Male, N (%) 17 (63%) 14 (52%) 78 (57%) 0.583
AML de novo, N (%) 21 (78%) 26 (96%) 47 (87%) 0.100
Hemoglobin, mean g/dL (£SD) 89+1.0 93+1.3 91+12 0.206
White blood cell x 103, median (IQR) 4.1 (2.1-23.8) 17.0 (2.5-25.7) 6.0 (2.2-24.4)  0.382
Platelet x 103, median (IQR) 39 (26-63) 54 (24-77) 42 (26-74) 0.574
BM blasts (%), median (IQR) 70 (49-80) 70 (50-90) 70 (50-89) 0.696
PB blasts (%), median (IQR) 17 (3-70) 40 (15-75) 32 (8-70) 0.158
WHO Classification, N (%)
AML with minimal differentiation 6 (22%) 3 (11%) 9 (17%)
Acute myelomonocytic leukemia 4 (15%) 7 (26%) 11 (20%)
AML with myelodysplasia-related changes 6 (22%) 1 (4%) 7 (13%)
AML with maturation 3 (11%) 6 (22%) 9 (17%)
Acute monoblastic and monocytic leukemia 3 (11%) 5 (19%) 8 (15%) 0.259
AML without maturation 1 (4%) 1 (4%) 2 (4%)
AML with recurrent genetic abnormalities 3 (11%) 2 (7%) 5 (9%)
Therapy-related myeloid neoplasms 0 2 (7%) 2 (4%)
Acute erythroid leukemia 1 (4%) 0 1 (2%)
Baseline cytogenetic risk profile, N (%)
Good 1 (4%) 1(2%)
Intermediate 19 (70%) 22 (81%) 41 (76%) 0.375
Poor 4 (15%) 4 (15%) 8 (15%)
Not evaluable 3 (11%) 1 (4%) 4 (7%)
MRD at random, N (%)
Present 13 (48.1%) 12 (44.4%) 25 (46.3%) 0.861
Absent 12 (44.4%) 10 (37.0%) 22 (40.7%) ’
Not evaluable 2 (7.5%) 5 (18.6%) 7(13.0%)
Mutation at random, N (%)
FLT3 2 (7.4%) 1 (3.7%) 3(5.6%) 0.315
NPM1 1 (3.7%) 4 (14.8%) 5(9.3%) 0.343
IDH1 2 (7.4%) 0 2 (3.7%) 0.232
IDH2 1 (3.7%) 3(11.1%) 4 (7.4%) 0.606
TP53 at diagnosis 10 (37.0%) 9 (33.3%) 19 (35.2%) 0.752

AML = acute myeloid leukemia, AZA = azacitidine, BSC = best supportive care, IQR = interquartile range,
MRD = measurable residual disease, SD = standard deviation, WHO = World Health Organization.

3.4. Primary Endpoint: Disease-Free Survival

During the post-randomization phase, 43 (79.6%) subjects relapsed. At 2 years post
randomization, no deaths occurred prior to relapse, thus OS was not assessed. Twenty-two
patients in the BSC arm relapsed with a median DFS of 6.0 (95% CI: 0.2-11.7) months vs.
18 patients in the AZA arm, having a median DFS of 10.8 (95% CI: 1.9-19.6) months.

At 5 years post randomization, none of the patients died before relapse; 2 patients on
AZA and 1 patient on BSC withdrew consent and 1 patient on AZA withdrew for relapse
of bladder cancer in CR. In the BSC arm, 23 patients relapsed with a median DFS of 6.0
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(95% CI: 0.2-11.7) months vs. 20 patients in the AZA arm, with a median DFS of 10.8
(95% CI: 1.9-19.6) months. The differences did not reach statistical significance (Figure 2A).
The cumulative relapse-free survival at 2 years was 30.3% (95% CI: 12.3-48.3) in AZA arm
vs. 15.4% (95% CI: 1.48-29.3) in the BSC arm (p = 0.20), and at 5 years was 20.8% (95% CI:
4.1-37.5) in the AZA arm vs. 11.6% (95% CI: 0.0-23.9) in the BSC arm (p = 0.23).

After data adjustment for cytogenetic risk, the effect of AZA maintenance on DFS was
statistically significant at 2 years in the AZA arm vs. BSC arm (hazard ratio; HR = 0.49,
95% CI: 0.25-0.97, p = 0.039) (Figure 2B) and just failed to attain statistical significance at
5 years (HR = 0.54, 95% CI: 0.28-1.03, p = 0.062) (Figure 2C).

Although data adjustment for cytogenetic risk improved the allocation arm study
outcome, cytogenetic risk per se did not significantly modify the effect of AZA vs. BSC on
DEFS both at 2 and 5 years of follow-up (Figure 3).

MRD was obtained by immunophenotype alone in 9 cases, by PCR alone in 10 cases,
and by both measures in 28 cases (Table 2). Out of 40 patients who had MRD status,
25 were observed to have positive MRD status with a normal karyotype and this remained
unchanged during the post-remission phase. In the whole study sample (i.e., independently
of the allocation arm), the effect of MRD on DFS was found to be statistically significant
both at 2 years (HR = 1.95, 95% CI: 1.01-3.82, p = 0.049) and 5 years post randomization
(HR =1.97,95% CI: 1.03-3.78, p = 0.041). Data analysis by study arms revealed a statistically
significant relationship between MRD and 2- and 5-year DFS (HR = 2.93, 95% CI: 1.06-8.05,
p =0.038 and HR = 2.93, 95% CI: 1.06-8.06, p = 0.038 respectively) in the control arm but not
in the AZA arm (HR =1.73, 95% CI: 0.66-4.55, p = 0.269 and HR = 1.69, 95% CI: 0.68—4.21,
p = 0.260 respectively).

Over the 5-year period, there was no difference between MRD-negative patients on
treatment with AZA and on treatment with BSC (for both, the median DFS was 13 months).
Instead, a difference between MRD-positive patients on treatment with AZA was observed
(median DFS = 7 months) and on treatment with BSC (median DFS = 4 months) but this
difference did not achieve statistical significance (log-rank test: 2.44, p = 0.118).

As age tended to differ between allocation arms, it was specifically tested as a potential
confounder and effect modifier by stratifying the study population into two groups, i.e.,
below and above the median value of age of 68 years. As shown in Figure 3, age significantly
modified the effect of AZA vs. BSC on DFS both at 2 and 5 years of follow-up (effect
modification, p = 0.038 and p = 0.035).

In fact, while no difference was reported on DFS between AZA and BSC arms in
patients aged <68 years, DFS at 2 and 5 years in patients aged >68 years was significantly
longer in the AZA arm (HR 0.34, 95% CI: 0.13-0.90, p = 0.030 and HR 0.37, 95% CI: 0.15-0.93,
p = 0.034, respectively) (Figure 4). Of note, data adjustment for cytogenetic risk further
amplified the efficacy of AZA in patients aged >68 years, both over a 2-year (HR 0.24,
95% CI: 0.08-0.69, p = 0.008) and 5-year period (HR 0.28, 95% CI: 0.10-0.76, p = 0.012).

At diagnosis, TP53 mutational status was available in 40 patients. In 19 (47.5%) cases,
TP53 was mutated, and 9 subjects lost the mutation after induction chemotherapy. In-
dependently of the allocation arm, the effect of TP53 at diagnosis on DFS resulted to be
statistically significant both at 2 years (HR 2.43, 95% CI: 1.17-5.07, p = 0.018) and 5 years
post randomization (HR 2.62, 95% CI 1.27-5.42, p = 0.009). Furthermore, TP53 did not
modify the effect of AZA vs. BSC on DFS at 2 and 5 years of follow-up (Figure 3).

Of the 10 patients in the AZA arm aged >68 years, their characteristics at baseline are
as follows: 1 patient had missing karyotype, 7 patients had a normal karyotype, 1 patient
had a complex karyotype and 1 patient had del(3p). Five patients harbored a TP53 mutation.
Mean Hb levels were 9.1 g/dL (£1.2 g/dL), mean white blood cell count was 11.3 x 103
(£16.9 x 103), mean platelet count was 35.4 x 103 (£25.5 x 103), and median bone marrow
blast count was 71.5% (IQR 60.0-82.5%). Five patients reached randomization with MRD
positivity and four with mutant TP53.
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Figure 2. Kaplan—-Meier analysis of disease-free survival. (A) Disease-free survival in all 54 random-
ized patients in AZA vs. BSC arms. Cox regression survival curves in which the allocation arm is
adjusted for cytogenetic risk (low/intermediate vs. high) after a follow-up period of 2 years (B) and
5 years (C). This adjustment generates two expected survival curves based on two covariates in the
model. AZA = azacitidine; BSC = best supportive care, CI = confidence interval, HR = hazard ratio.
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Figure 3. Hazard ratios of AZA vs. BSC for disease-free survival by relevant patients’ strata.
(A) Disease-free survival by relevant patients’ strata at 2-year follow-up and (B), 5-year follow-up.
Data presented as hazard ration and 95% CI. CI = confidence interval.
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Figure 4. Kaplan-Meier analysis of disease-free survival by age strata. The hazard ratios were
derived by Cox regression analyses. (A), disease-free survival up to 2 years in patients <68 years and
(B), in patients >68 years. (C), disease-free survival at 5-year follow-up in patients <68 years and
(D), in patients >68 years. AZA = azacitidine; BSC = best supportive care, CI = confidence interval,
HR = hazard ratio.

3.5. Safety

During the post-randomization phase, 75 treatment-emergent adverse events occurred
and were significantly (p = 0.007) more frequent in the AZA arm (N = 60) than in the BSC
arm (N = 15) (Supplementary Materials Figure S3). Significantly more subjects (N = 17)
in the AZA arm had at least one adverse event vs. 9 subjects in best supportive care. In
particular, 21 grade 3—4 treatment-emergent adverse events occurred, 20 in AZA arm and
1 in BSC arm (p = 0.002; Table 3). Neutropenia was the most frequently observed adverse
event. Bladder cancer occurred in one case.
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Table 3. Grade III/IV adverse events.

AZA BSC

Adverse Event Grade 3 Grade 4 Grade 3 Grade 4
Neutropenia 5 5 1 0
Thrombocytopenia 3 0 0 0
Anemia 2 0 0 0
Pneumonia 1 0 0 0
CVC bacterial infection 1 0 0 0
Pericarditis 1 0 0 0
Abdominal pain 0 1 0 0
Urothelial bladder cancer 1 0 0 0
Total 14 6 1 0

AZA = azacitidine, BSC = best supportive care, CVC = central venous catheter.

3.6. Secondary Endpoints
3.6.1. Number and Duration of Hospitalizations during the Study

In the AZA arm, 2 patients out of 27 (7.4%) were hospitalized whereas no patient was
hospitalized in the BSC arm. Reasons for hospitalization were AEs in 2 patients (1 with
bladder cancer and 1 suspected pericarditis with abdominal pain).

3.6.2. Quality of Life

QoL and symptom (patient-reported outcomes, PROs) scores of all available patients
(n = 111) are illustrated in Supplementary Materials Table S2. Scores were generally
poor, though fatigue was not a prevalent issue. The highest impact was revealed in func-
tional scores.

Following induction therapy, there was a significant improvement in PRO measures
in patients achieving a CR in almost all domains except EORTC QLQ-C30 role and social
function (Supplementary Materials Table S3). As shown in Supplementary Table 54, the
majority of the scores of the PRO domain measures remained stable or improved whereas
only a minority worsened. The mean and median changes of QOL-E and EORTC QLQ-C30
domains and relative MCIDs are shown in Supplementary Materials Table S5.

The effect of AZA vs. BSC on the changes of PRO scores over time, in particular on
the achievement of MCID for each domain, is reported in Supplementary Materials Tables
56 and S7. There was no significant impact of maintenance therapy on patient-reported
outcomes and there were no differences in PROs between arms. A between-arm comparison
of the mean and median changes of each QoL domain and the proportions of patients
who remained stable, improved, or worsened according to the MCID showed no clinically
meaningful differences during the post-randomization phase (see Supplementary Materials
Tables S8 and S9).

4. Discussion

Maintenance treatment is at present employed in many hematologic malignancies to
prolong CR by reducing the risk of disease relapse [21,22]. However, the role of maintenance
during the post-remission phase of patients with AML is still a matter of debate and many
previous studies either with conventional low-dose chemotherapies, or targeted biologic
treatments, failed to demonstrate its efficacy in prolonging disease-free survival [23,24].

AZA in biologic and clinical profiles make its use very attractive as maintenance
therapy, due to its relatively low toxicity and its efficacy; in particular, elderly patients
could benefit by this maintenance approach. Notwithstanding the above considerations,
however, only a few studies have been conducted employing AZA as maintenance of CR
in AML patients.

Initially, three non-randomized phase-2 trials reported on the use of low-dose AZA
(50 mg/m? for 5 days), confirming both feasibility and low rate of adverse events in small
cohorts of elderly patients [25-27]. Maintenance with hypomethylating agents, including
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AZA, was also tested after allogenic/autologous transplantation: data from these studies
have been recently summarized [28] and showed favorable results on survival and graft
versus host disease.

More recently, two larger randomized phase-3 trials on AZA maintenance vs. placebo/
best supportive care in elderly AML patients were conducted and published. In the HOVON
trial [14], similar to the one in the present report, subcutaneous AZA was investigated.
However, three major differences should be highlighted: (1) intensive induction treatment
was at a physician’s judgement and patients were included in the study after two induction
cycles without consolidation phase, (2) AZA dosage was fixed and lower than in our trial
(50 mg/m? for 5 days), and (3) maintenance had a fixed 12-month duration. The QUAZAR
AML-001 trial [15] investigated the efficacy and safety of the oral formulation of AZA.
Again, in that trial, the induction phase was at the discretion of the treating physician,
patients aged >55 (younger) were enrolled and randomized upon achieving a CR, and
patients with initial relapse during maintenance (marrow blasts <15%) could be rescued
with increments of AZA dosing (21 days instead of 14 days every 28 days). Considering the
aforementioned (non-trivial) differences, DFS in the AZA arm was significantly longer in
these two trials as well as in the present study, highlighting the efficacy of the active AZA
treatment in delaying relapse occurrence.

Among several factors evaluated in our cohort for their possible impact on efficacy of
AZA maintenance compared to placebo, only those of older age (>68 years) emerged as
being significantly associated with a better outcome. This finding is in line with data from
a previous phase-2 study, in which decitabine maintenance provided no benefit in patients
aged <60 years [29]. From a speculative point of view, it is somewhat expected because
AZA has shown greater efficacy in marrows with myelodysplastic features and the rate of
AML evolving from a previous myelodysplastic phase increases with age. Furthermore,
MRD and TP53 mutation did not impact the efficacy of AZA in our cohort.

It also important to emphasize that MRD positivity was observed to have a nega-
tive effect on DFS in BSC but not in patients receiving AZA, which supports the use of
AZA maintenance especially for MRD-positive cases, a finding that was not observed in
exploratory analyses of the QUAZAR AML-001 trial where AZA was shown to prolong
survival in patients with AML in remission independently of MRD status [30].

Our study reported a good feasibility of AZA maintenance, with neutropenia rep-
resenting the most common toxicity, accounting for the majority of grade 3—4 adverse
events in the AZA arm and with the absence of mortality prior to progression. It is worth
noting that neutropenia was also reported as an important adverse event in the QUAZAR
AML-001 trial; however, in gastrointestinal toxicity due to the oral formulation of AZA also
represented an adverse event, which is virtually absent with subcutaneous infusion.

Moreover, in our study, the expected higher rate of adverse events in the AZA arm and
the burden of receiving treatment did not translate into worse patient-reported outcomes
(PRO) compared to the placebo arm. As already reported [31], PRO scores in comparison
with those at diagnosis significantly improved in patients achieving CR as during the
maintenance phase, no difference was observed between the two arms, underscoring the
lack of negative impact by AZA treatment in all PROs.

Patients in the present study were elderly (median age of 69) and when this trial
was undertaken in 2010, allogenic stem cell transplantation was not the mainstay therapy
offered. Currently, this approach is considered the mainstay treatment for younger AML
patients with intermediate or high-risk MDS and offers superior efficacy compared to
non-allograft stem cell approaches [32,33]. Despite this, approximately one third of patients
still suffer from disease relapse, leading to poor outcomes [34,35]. There is also evidence
that the use of hypomethylating agents, such as AZA, as post-remission therapy after
allograft stem cell transplantation were shown to have an improved outcome [28].

Indeed, the use of the allograft transplant approach has significantly improved in the
past decade [36]; however, in elderly patients (>60 years), the decision to offer allograft
stem cell transplantation still remains a topic of debate in this population, since the toxicity



Cancers 2023, 15, 2441

14 of 17

of conditioning regimens, the risk of graft-versus-host disease, and the need for prolonged
immunosuppression are major concerns for these vulnerable patients [37,38]. Furthermore,
from a practical point of view, the feasibility can be challenging due to lack of familial
donor availability (HLA identical sibling donor) and given their advanced age.

It should be emphasized that patients in this trial underwent very intensive treatment
(two inductions + high dose consolidations), which are normally not administered to
this patient population, unless the intent is to pursue stem cell transplantation that could
diminish the impact of AZA maintenance of DFS and OS. Nevertheless, our results argue
that the benefit of post-remission therapy may be limited to older patients who cannot
tolerate or who cannot complete the full course of intensive induction/consolidation.

5. Study Limitations

This trial was designed before 2010 considering previous 2003 response criteria [16].
Although allogenic transplantation was being offered more frequently in subsequent years,
particularly in the USA [39], this treatment was not standard treatment in Italy for the age
group under our study. Indeed, in economically disadvantaged countries or where allogenic
transplantation cannot be offered, results from our trial provide additional treatment
options in elderly AML patients. We did not follow up on survival after relapse, losing
potentially important information on AZA maintenance treatment. We used delayed
cycling (56-day cycle) that may have impacted on reduced efficacy. A higher number of
patients may have contributed to a more robust analysis.

6. Conclusions

This trial evaluated the efficacy and feasibility of AZA maintenance in elderly AML
patients and particular benefit was observed in subjects aged >68 years. The most effective
schedule and dosing still remain a matter of debate and may be individualized.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cancers15092441/s1, References [19,40] are cited in the supple-
mentary materials. Principal investigators and study sites, Supplementary Methods, Supplementary
Figure S1, Trial design, Supplementary Results; Supplementary Table S1, Causes of death before
randomization; Supplementary Figure S2, Distribution of cases by random allocation and by age;
Supplementary Figure S3, Treatment-emergent adverse events; Supplementary Table S2, QOL-E and
EORTC QLQ-C30 scores at baseline (diagnosis) (n = 111) Supplementary Table S3, QOL-E and EORTC
QLQ-C30 scores from diagnosis of AML to randomization; Supplementary Table S4, The proportions
of patients who remained stable, improved, or worsened according to the MCID from diagnosis to
randomization; Supplementary Table S5, Mean and median changes in QOL-E and EORTC QLQ-C30
domains from diagnosis to randomization; Supplementary Table S6, Linear mixed model analyses of
PRO measures quality of life after randomization; Supplementary Table S7, Generalized estimating
equation of PRO measures after randomization; Supplementary Table S8, The MCIDs and changes in
PRO scores in the first 6 months following randomization according to allocation arm; Supplementary
Table S9, The proportions of patients who remained stable, improved, or worsened according to the
MCID after randomization.

Author Contributions: E.N.O. conceived and designed the study. All authors participated in the
collection of data. EIN.O., G.I, G.T. and R.L. participated in data analysis and interpretation. ENN.O.,
G.I, G.T, CM. and R.L. were involved in the preparation of the manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: Unconditional funding support for the undertaking of this trial was provided by BMS.

Institutional Review Board Statement: Ethics committee approval was obtained, and this study
complies with the ethical standards laid down in the 1975 Declaration of Helsinki and was registered
at clinicaltrials.gov (NCT05188326) and in the EU Clinical Trials Register (2010-019710-24).

Informed Consent Statement: Written informed consent was obtained from all patients.


https://www.mdpi.com/article/10.3390/cancers15092441/s1
https://www.mdpi.com/article/10.3390/cancers15092441/s1

Cancers 2023, 15, 2441 15 0f 17

Data Availability Statement: Supplementary Materials accompanies this paper. Raw data are avail-
able upon request from the corresponding author (E.N.O.).

Acknowledgments: The trial described in this manuscript was sponsored and funded by Asso-
ciazione QOL-ONE, a non-profit organization. Celgene donated the investigational product for
evaluation in the trial, and provided partial and unconditional funding to Associazione QOL-ONE.
All authors had full and independent access to all the data and vouch for the accuracy and com-
pleteness of the reported data and the fidelity of the trial to the protocol. Editorial assistance for the
preparation of this manuscript was provided by Colin Egan (CE Medical Writing SRLS, Pisa, Italy).

Conflicts of Interest: E.N.O. reports honoraria from advisory boards from Alexion, Bristol-Myers
Squibb, Celgene, Daiichi-Sankyo, Novartis, and Janssen, and consultancy fees from Alexion, Bristol-
Myers Squibb, and Daiichi-Sankyo. A.C. reports honoraria (consultancy, advisory role, and/or travel
support) from AbbVie, Astellas, Janssen, Jazz, Celgene, Gilead, Pfizer, Incyte, and Amgen outside the
submitted work. G.A.P. has received speaker fees from AbbVie, Bristol-Myers Squibb, Incyte and
Novartis; has participated in advisory boards for Abbvie, AOP Orphan Pharmaceuticals, AstraZeneca,
BMS, and Novartis, and received support for attending meetings from Abbvie, BMS, Janssen, and
Novartis. G.R. has received consultancy honoraria from Janssen, Abbvie, Astra Zeneca, and BeiGene.
G.T. reports consultancy honoraria from Amgen, Biotest, Abbvie, Janssen-Cilag, Fresnius MC, and
QOL-ONE. C.A. reports honoraria for participation in advisory board meetings for Abbvie, Amgen,
and Novartis. R.L. reports honoraria from Bristol-Myers Squibb and Novartis. The remaining authors
declare no competing financial interests.

References

1.

10.

11.

12.

13.

14.

Dohner, H.; Estey, E.; Grimwade, D.; Amadori, S.; Appelbaum, E,; Biichner, T.; Dombret, H.; Ebert, B.; Fenaux, P; Larson, R.; et al.
Diagnosis and Management of AML in Adults: 2017 ELN Recommendations from an International Expert Panel. Blood 2017, 129,
424-447. [CrossRef]

Hernandez-Valladares, M.; Aasebg, E.; Berven, E,; Selheim, F,; Bruserud, @. Biological Characteristics of Aging in Human Acute
Myeloid Leukemia Cells: The Possible Importance of Aldehyde Dehydrogenase, the Cytoskeleton and Altered Transcriptional
Regulation. Aging 2020, 12, 24734-24777. [CrossRef] [PubMed]

Ferrara, F. Conventional Chemotherapy or Hypomethylating Agents for Older Patients with Acute Myeloid Leukaemia? Hematol.
Oncol. 2014, 32, 1-9. [CrossRef]

Webster, J.A.; Pratz, KW. Acute Myeloid Leukemia in the Elderly: Therapeutic Options and Choice. Leuk. Lymphoma 2018, 59,
274-287. [CrossRef] [PubMed]

Medeiros, B.C.; Chan, S.M.; Daver, N.G.; Jonas, B.A.; Pollyea, D.A. Optimizing Survival Outcomes with Post-Remission Therapy
in Acute Myeloid Leukemia. Am. J. Hematol. 2019, 94, 803-811. [CrossRef] [PubMed]

Molica, M.; Breccia, M.; Foa, R.; Jabbour, E.; Kadia, T.M. Maintenance Therapy in AML: The Past, the Present and the Future. Am.
J. Hematol. 2019, 94, 1254-1265. [CrossRef] [PubMed]

de Lima, M.; Roboz, GJ.; Platzbecker, U.; Craddock, C.; Ossenkoppele, G. AML and the Art of Remission Maintenance. Blood Rev.
2021, 49, 100829. [CrossRef]

Reville, PK.; Kadia, T.M. Maintenance Therapy in AML. Front. Oncol. 2020, 10. [CrossRef]

Ramos, F.; Thépot, S.; Pleyer, L.; Maurillo, L.; Itzykson, R.; Bargay, J.; Stauder, R.; Venditti, A.; Seegers, V.; Martinez-Robles, V.;
et al. Azacitidine Frontline Therapy for Unfit Acute Myeloid Leukemia Patients: Clinical Use and Outcome Prediction. Leuk. Res.
2015, 39, 296-306. [CrossRef] [PubMed]

Dombret, H.; Seymour, ].E; Butrym, A.; Wierzbowska, A.; Selleslag, D.; Jang, ].H.; Kumar, R.; Cavenagh, J.; Schuh, A.C.; Candoni,
A.; et al. International Phase 3 Study of Azacitidine vs Conventional Care Regimens in Older Patients with Newly Diagnosed
AML with >30% Blasts. Blood 2015, 126, 291-299. [CrossRef] [PubMed]

Molica, M.; Mazzone, C.; Niscola, P.; Carmosino, I.; Di Veroli, A.; De Gregoris, C.; Bonanni, F,; Perrone, S.; Cenfra, N.; Fianchi, L.;
et al. Identification of Predictive Factors for Overall Survival and Response during Hypomethylating Treatment in Very Elderly
(>75 Years) Acute Myeloid Leukemia Patients: A Multicenter Real-Life Experience. Cancers 2022, 14, 4897. [CrossRef] [PubMed]
DiNardo, C.D.; Jonas, B.A.; Pullarkat, V.; Thirman, M.].; Garcia, J.S.; Wei, A.H.; Konopleva, M.; Dohner, H.; Letai, A.; Fenaux,
P; et al. Azacitidine and Venetoclax in Previously Untreated Acute Myeloid Leukemia. N. Engl. ]. Med. 2020, 383, 617-629.
[CrossRef] [PubMed]

Garcia-Manero, G.; Dohner, H.; Wei, A.H.; Torre, I.L.; Skikne, B.; Beach, C.L.; Santini, V. Oral Azacitidine (CC-486) for the
Treatment of Myeloid Malignancies. Clin. Lymphoma Myeloma Leuk. 2022, 22, 236-250. [CrossRef] [PubMed]

Huls, G.; Chitu, D.A.; Havelange, V.; Jongen-Lavrencic, M.; van de Loosdrecht, A.A.; Biemond, B.J.; Sinnige, H.; Hodossy, B.;
Graux, C.; Kooy, R.V.M,; et al. Azacitidine Maintenance after Intensive Chemotherapy Improves DFS in Older AML Patients.
Blood 2019, 133, 1457-1464. [CrossRef] [PubMed]


https://doi.org/10.1182/blood-2016-08-733196
https://doi.org/10.18632/aging.202361
https://www.ncbi.nlm.nih.gov/pubmed/33349623
https://doi.org/10.1002/hon.2046
https://doi.org/10.1080/10428194.2017.1330956
https://www.ncbi.nlm.nih.gov/pubmed/28573892
https://doi.org/10.1002/ajh.25484
https://www.ncbi.nlm.nih.gov/pubmed/30945331
https://doi.org/10.1002/ajh.25620
https://www.ncbi.nlm.nih.gov/pubmed/31429099
https://doi.org/10.1016/j.blre.2021.100829
https://doi.org/10.3389/fonc.2020.619085
https://doi.org/10.1016/j.leukres.2014.12.013
https://www.ncbi.nlm.nih.gov/pubmed/25601157
https://doi.org/10.1182/blood-2015-01-621664
https://www.ncbi.nlm.nih.gov/pubmed/25987659
https://doi.org/10.3390/cancers14194897
https://www.ncbi.nlm.nih.gov/pubmed/36230820
https://doi.org/10.1056/NEJMoa2012971
https://www.ncbi.nlm.nih.gov/pubmed/32786187
https://doi.org/10.1016/j.clml.2021.09.021
https://www.ncbi.nlm.nih.gov/pubmed/34758945
https://doi.org/10.1182/blood-2018-10-879866
https://www.ncbi.nlm.nih.gov/pubmed/30630862

Cancers 2023, 15, 2441 16 of 17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Wei, A.H.; Dohner, H.; Pocock, C.; Montesinos, P.; Afanasyev, B.; Dombret, H.; Ravandi, F.; Sayar, H.; Jang, J.-H.; Porkka, K.; et al.
Oral Azacitidine Maintenance Therapy for Acute Myeloid Leukemia in First Remission. N. Engl. J. Med. 2020, 383, 2526-2537.
[CrossRef]

Cheson, B.D.; Bennett, ].M.; Kopecky, K.J.; Biichner, T.; Willman, C.L.; Estey, E.H.; Schiffer, C.A.; Doehner, H.; Tallman, M.S,;
Lister, T.A.; et al. Revised Recommendations of the International Working Group for Diagnosis, Standardization of Response
Criteria, Treatment Outcomes, and Reporting Standards for Therapeutic Trials in Acute Myeloid Leukemia. J. Clin. Oncol. 2003,
21, 4642-4649. [CrossRef]

Oliva, E.N.; Nobile, F,; Dimitrov, B.D. Development and Validation of QOL-E© Instrument for the Assessment of Health-Related
Quality of Life in Myelodysplastic Syndromes. Cent. Eur. |. Med. 2013, 8, 835-844. [CrossRef]

Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B,;
de Haes, ].C. The European Organization for Research and Treatment of Cancer QLQ-C30: A Quality-of-Life Instrument for Use
in International Clinical Trials in Oncology. J. Natl. Cancer Inst. 1993, 85, 365-376. [CrossRef]

Déhner, H.; Estey, E.H.; Amadori, S.; Appelbaum, ER.; Biichner, T.; Burnett, A.K.; Dombret, H.; Fenaux, P.; Grimwade, D.; Larson,
R.A; et al. Diagnosis and Management of Acute Myeloid Leukemia in Adults: Recommendations from an International Expert
Panel, on Behalf of the European LeukemiaNet. Blood 2010, 115, 453-474. [CrossRef]

Ringash, J.; O’Sullivan, B.; Bezjak, A.; Redelmeier, D.A. Interpreting Clinically Significant Changes in Patient-Reported Outcomes.
Cancer 2007, 110, 196-202. [CrossRef]

Gay, E; Jackson, G.; Rosifiol, L.; Holstein, S.A.; Moreau, P; Spada, S.; Davies, E; Lahuerta, ].J.; Leleu, X.; Bringhen, S.; et al.
Maintenance Treatment and Survival in Patients With Myeloma: A Systematic Review and Network Meta-Analysis. JAMA Oncol.
2018, 4, 1389-1397. [CrossRef] [PubMed]

Golfier, C.; Salles, G. Antibody Therapy Maintenance in Follicular Lymphoma. Hematol. Oncol. Clin. N. Am. 2020, 34, 689-699.
[CrossRef] [PubMed]

Rashidi, A.; Walter, R.B.; Tallman, M.S.; Appelbaum, ER.; DiPersio, ].F. Maintenance Therapy in Acute Myeloid Leukemia: An
Evidence-Based Review of Randomized Trials. Blood 2016, 128, 763-773. [CrossRef] [PubMed]

Luger, S.M.; Wang, V.X.; Rowe, ] M,; Litzow, M.R,; Paietta, E.; Ketterling, R.P.; Lazarus, H.; Rybka, W.B.; Craig, M.D.; Karp, J.; et al.
Tipifarnib as Maintenance Therapy Did Not Improve Disease-Free Survival in Patients with Acute Myelogenous Leukemia at
High Risk of Relapse: Results of the Phase III Randomized E2902 Trial. Leuk. Res. 2021, 111, 106736. [CrossRef] [PubMed]
Grovdal, M.; Karimi, M.; Khan, R.; Aggerholm, A.; Antunovic, P.; Astermark, J.; Bernell, P.; Engstrom, L.-M.; Kjeldsen, L.; Linder,
O.; et al. Maintenance Treatment with Azacytidine for Patients with High-Risk Myelodysplastic Syndromes (MDS) or Acute
Myeloid Leukaemia Following MDS in Complete Remission after Induction Chemotherapy. Br. . Haematol. 2010, 150, 293-302.
[CrossRef] [PubMed]

Yamamoto, R.; Yokoyama, A.; Yoneda, M.; Ohashi, K.; Hosoda, T.; Kagoo, T.; Boku, S.; Ueno, H.; Yano, T. Azacitidine as the
Post-Remission Therapy for Elderly Patients with Acute Myeloid Leukemia. Ann. Hematol. 2014, 93, 2081-2082. [CrossRef]
Griffin, P.T.; Komrokji, R.S.; De Castro, C.M.; Rizzieri, D.A.; Melchert, M.; List, A.F,; Lancet, ].E. A Multicenter, Phase II Study of
Maintenance Azacitidine in Older Patients with Acute Myeloid Leukemia in Complete Remission after Induction Chemotherapy.
Am. ]. Hematol. 2015, 90, 796-799. [CrossRef]

Kungwankiattichai, S.; Ponvilawan, B.; Roy, C.; Tunsing, P.; Kuchenbauer, F; Owattanapanich, W. Maintenance With Hypomethy-
lating Agents After Allogeneic Stem Cell Transplantation in Acute Myeloid Leukemia and Myelodysplastic Syndrome: A
Systematic Review and Meta-Analysis. Front. Med. 2022, 9, 801632. [CrossRef]

Blum, W,; Sanford, B.L.; Klisovic, R.; DeAngelo, D.J.; Uy, G.; Powell, B.L.; Stock, W.; Baer, M.R.; Kolitz, ].E.; Wang, E.S.; et al.
Maintenance Therapy with Decitabine in Younger Adults with Acute Myeloid Leukemia in First Remission: A Phase 2 Cancer
and Leukemia Group B Study (CALGB 10503). Leukemia 2017, 31, 34-39. [CrossRef]

Roboz, G.J.; Ravandi, F.; Wei, A.H.; Dombret, H.; Thol, E.; Voso, M.T.; Schuh, A.C.; Porkka, K.; La Torre, I.; Skikne, B.; et al. Oral
Azacitidine Prolongs Survival of Patients with AML in Remission Independently of Measurable Residual Disease Status. Blood
2022, 139, 2145-2155. [CrossRef]

Oliva, E.N.; Nobile, F.; Alimena, G.; Ronco, F; Specchia, G.; Impera, S.; Breccia, M.; Vincelli, I.; Carmosino, I.; Guglielmo, P; et al.
Quality of Life in Elderly Patients with Acute Myeloid Leukemia: Patients May Be More Accurate than Physicians. Haematologica
2011, 96, 696-702. [CrossRef] [PubMed]

Koreth, J.; Schlenk, R.; Kopecky, K.J.; Honda, S.; Sierra, J.; Djulbegovic, B.J.; Wadleigh, M.; DeAngelo, D.J.; Stone, R.M.; Sakamaki,
H.; et al. Allogeneic Stem Cell Transplantation for Acute Myeloid Leukemia in First Complete Remission: Systematic Review and
Meta-Analysis of Prospective Clinical Trials. JAMA 2009, 301, 2349-2361. [CrossRef] [PubMed]

Vasu, S.; Kohlschmidt, J.; Mrézek, K.; Eisfeld, A.-K.; Nicolet, D.; Sterling, L.J.; Becker, H.; Metzeler, K.H.; Papaioannou, D.; Powell,
B.L.; et al. Ten-Year Outcome of Patients with Acute Myeloid Leukemia Not Treated with Allogeneic Transplantation in First
Complete Remission. Blood Adv. 2018, 2, 1645-1650. [CrossRef]

Barrett, A.J.; Battiwalla, M. Relapse after Allogeneic Stem Cell Transplantation. Expert. Rev. Hematol. 2010, 3, 429-441. [CrossRef]
[PubMed]

Bejanyan, N.; Weisdorf, D.J.; Logan, B.R.; Wang, H.-L.; Devine, 5.M.; de Lima, M.; Bunjes, D.W.; Zhang, M.-]. Survival of Patients
with Acute Myeloid Leukemia Relapsing after Allogeneic Hematopoietic Cell Transplantation: A Center for International Blood
and Marrow Transplant Research Study. Biol. Blood Marrow Transplant. 2015, 21, 454-459. [CrossRef] [PubMed]


https://doi.org/10.1056/NEJMoa2004444
https://doi.org/10.1200/JCO.2003.04.036
https://doi.org/10.2478/s11536-013-0196-z
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1182/blood-2009-07-235358
https://doi.org/10.1002/cncr.22799
https://doi.org/10.1001/jamaoncol.2018.2961
https://www.ncbi.nlm.nih.gov/pubmed/30098165
https://doi.org/10.1016/j.hoc.2020.02.005
https://www.ncbi.nlm.nih.gov/pubmed/32586574
https://doi.org/10.1182/blood-2016-03-674127
https://www.ncbi.nlm.nih.gov/pubmed/27354720
https://doi.org/10.1016/j.leukres.2021.106736
https://www.ncbi.nlm.nih.gov/pubmed/34773794
https://doi.org/10.1111/j.1365-2141.2010.08235.x
https://www.ncbi.nlm.nih.gov/pubmed/20497178
https://doi.org/10.1007/s00277-014-2119-8
https://doi.org/10.1002/ajh.24087
https://doi.org/10.3389/fmed.2022.801632
https://doi.org/10.1038/leu.2016.252
https://doi.org/10.1182/blood.2021013404
https://doi.org/10.3324/haematol.2010.036715
https://www.ncbi.nlm.nih.gov/pubmed/21330327
https://doi.org/10.1001/jama.2009.813
https://www.ncbi.nlm.nih.gov/pubmed/19509382
https://doi.org/10.1182/bloodadvances.2017015222
https://doi.org/10.1586/ehm.10.32
https://www.ncbi.nlm.nih.gov/pubmed/21083034
https://doi.org/10.1016/j.bbmt.2014.11.007
https://www.ncbi.nlm.nih.gov/pubmed/25460355

Cancers 2023, 15, 2441 17 of 17

36.

37.

38.

39.

40.

Tey, S.-K.; Lane, S.W. Better the Cure You Know: Why Patients with AML >60 Years of Age Should Be Offered Early Allogeneic
Stem Cell Transplantation. Blood Adv. 2022, 6, 1619-1622. [CrossRef] [PubMed]

Sophie, S.; Yves, B.; Frédéric, B. Current Status and Perspectives of Allogeneic Hematopoietic Stem Cell Transplantation in Elderly
Patients with Acute Myeloid Leukemia. Stem Cells Transl. Med. 2022, 11, 461-477. [CrossRef]

Deeg, H.J. Not All Patients with AML over 60 Years of Age Should Be Offered Early Allogeneic Stem Cell Transplantation. Blood
Adv. 2022, 6, 1623-1627. [CrossRef]

Muffly, L.; Pasquini, M.C.; Martens, M.; Brazauskas, R.; Zhu, X.; Adekola, K.; Aljurf, M.; Ballen, K.K.; Bajel, A.; Baron, E; et al.
Increasing Use of Allogeneic Hematopoietic Cell Transplantation in Patients Aged 70 Years and Older in the United States. Blood
2017, 130, 1156-1164. [CrossRef]

Noguera, N.I,; Ammatuna, E.; Zangrilli, D.; Lavorgna, S.; Divona, M.; Buccisano, F.; Amadori, S.; Mecucci, C.; Falini, B.; Lo-Coco,
F. Simultaneous detection of NPM1 and FLT3-ITD mutations by capillary electrophoresis in acute myeloid leukemia. Leukemia
2005, 19, 1479-1482. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1182/bloodadvances.2021004829
https://www.ncbi.nlm.nih.gov/pubmed/34607349
https://doi.org/10.1093/stcltm/szac015
https://doi.org/10.1182/bloodadvances.2021004799
https://doi.org/10.1182/blood-2017-03-772368
https://doi.org/10.1038/sj.leu.2403846

	Introduction 
	Materials and Methods 
	Study Design 
	Patients 
	Endpoints 
	Induction and Consolidation Chemotherapy 
	Post-Remission Therapy 
	Bone Marrow Assessment 
	Quality of Life Assessments 
	Statistical Analysis Plan 
	Disease-Free Survival 
	Number of Hospitalizations 
	Quality of Life 
	Overall Survival 


	Results 
	Patients 
	Pre-Randomization Phase 
	Post-Randomization Phase 
	Primary Endpoint: Disease-Free Survival 
	Safety 
	Secondary Endpoints 
	Number and Duration of Hospitalizations during the Study 
	Quality of Life 


	Discussion 
	Study Limitations 
	Conclusions 
	References

