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Abstract. - OBJECTIVE: Abnormal DNA meth-
ylation plays a critical role in acute myeloid leu-
kemia (AML) pathogenesis and hypomethylating
agents (HMAs) such as decitabine (5-aza-29-deox-
ycytidine) and azacitidine (5-azacytidine) are con-
sidered efficacious for treating AML. This study
aimed to identify if HMAs have therapeutic advan-
tages compared with conventional care regimens
(CCR) or placebo in elderly AML patients.

MATERIALS AND METHODS: We systemati-
cally searched PubMed, Embase, and Cochrane
Central Register of Controlled Trials from incep-
tion to November July 15, 2020. Randomized con-
trolled trials that compared the efficacy and ad-
verse events associated with HMAs, CCR, or
placebo were searched. RevMan 5.3 software
was used to calculate the hazard ratio (HR) and
risk ratio (RR) with a 95% confidence interval (Cl).

RESULTS: Seven trials with a total of 1966 par-
ticipants were included. Meta-analyses showed
that the overall survival of HMAs was better
than that of CCR [HR=0.76, 95% CI (0.69-0.85),
(p<0.01)], and the complete remission rate of
elderly AML patients was increased by HMAs
compared with CCR [RR=1.46, 95%CI (1.08-1.99),
p=0.01)]. HMA treatment showed higher inci-
dence of neutropenia [RR=1.30 (95%CI 1.07-1.59,
p=0.008)], thrombocytopenia [RR=1.14 (95%CI
1.01-1.59, p=0.04)], and pneumonia [RR=1.37
(95%Cl 1.06-1.76, p=0.02)] compared with CCR.

CONCLUSIONS: Although HMAs cause a
higher incidence of adverse events such as neu-
tropenia, thrombocytopenia, and pneumonia,
demethylation drugs are well-tolerated and ef-
fective for treating AML in the elderly.
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Introduction

Acute myeloid leukemia (AML) is an aggres-
sive stem cell malignancy characterized by the
clonal expansion of abnormal hematopoietic pro-
genitors in the bone marrow'. It is mostly seen in
elderly individuals, with a median age at diagno-
sis of 68 years; the age-specific incidence rates are
below 10/100,000 among individuals <65 years,
while they progressively increase to 28.5/100,000
for individuals aged 80-84 years®. Although
therapeutic regimens like “3 + 7” chemothera-
py, hematopoietic stem cell transplantation, and
supportive care show significant effect among pa-
tients younger than 60 years’, 70%-80% achieve
complete remission*, and 35%-40% are cured’.
Nevertheless, because of resistance to conven-
tional chemotherapy, adverse cytogenetics, and
frequent comorbidities®, the prognosis of elderly
patients (aged >65 years) with AML still remains
poor’, with a median overall survival (OS) time of
9.2 months and a 5-year OS rate of 13.5%°". More-
over, primary refractory or resistant AML can
hardly be cured by conventional salvage therapy,
and therefore new therapeutic approaches are ur-
gently needed for these patients™!°.

Abnormal DNA methylation plays a cru-
cial role in AML pathogenesis'"'* and is known
to regulate the expression of tumor suppressor
genes and oncogenes, promoting dysplasia and
blast transformation". With the breakthrough in
molecular biology research on the characteris-
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tics and pathogenesis of AML, hypomethylating
agents (HMAs) such as decitabine (5-aza-29-de-
oxycytidine) and azacitidine (5-azacytidine) have
become research hot spots in treating myelodys-
plastic syndromes (MDS) and AML. The Na-
tional Comprehensive Cancer Network (NCCN)
recommends HMAs as the preferred treatment
option for elderly AML patients with unfavor-
able cytogenetics, poor molecular markers, a
history of hematologic disorders, therapy-related
AML, or unfit performance status'. Over the last
few decades, HMAs have been widely used for
the treatment of MDS'>!¢, and studies have also
shown that these drugs show certain effects as
first-line and rescue treatment for AML'"'®. Nev-
ertheless, the survival outcome data with regard
to HMAs in elderly AML patients have been in-
consistent!®?’, Therefore, this systematic review
and meta-analysis aimed to evaluate the efficacy
of HMAs and their adverse effects when treating
older AML patients.

Materials and Methods

This systematic review and meta-analysis was
conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines (Supplemen-
tary File 1: PRISMA 2015 Checklist)*.

Search Strategies

Relevant randomized controlled trials (RCTs)
that were published electronically in the PubMed,
Embase, and Cochrane Central Register of Con-
trolled Trials (Central) databases were searched
from inception to July 15, 2020, without any re-
strictions to language. The search terms were
“acute myeloid leukemia”, “azacitidine”, “decit-
abine”, “elderly patients”, and “randomized con-
trolled trial”. A bibliography of identified articles
and other documents from relevant references
were manually searched to identify any addition-
al relevant trials. Two study researchers designed
and performed the search strategy (Supplemen-
tary File 2: Search strategies).

Eligibility Criteria

The eligibility criteria were (1) Phase I and
IIT RCTs, (2) with adult patients aged >55 years,
(3) with morphologically proven diagnosis of
AML and with no previous allogeneic stem cell
transplantation, (4) treated with HMAs (such
as azacitidine, decitabine or guadecitabine)

2578

and compared with those of conventional care
regimens (CCR) including best supportive care
(BSC), low-dose cytarabine or intensive che-
motherapy in a setting of first-line treatment,
and (5) studies that evaluated complete re-
sponse (CR) rate or overall survival (OR). The
trial data from the most recent publication were
used only once in the analysis.

Exclusion Criteria

Trials were excluded if any of the following
factors were identified: (1) conference abstracts,
case reports, editorials, review articles, and cell
or animal studies, (2) studies with insufficient in-
formation concerning OR or CR, (3) patients di-
agnosed with myelodysplastic syndrome (MDS),
(4) the age of the participants is not limited, and
(5) retrospective studies.

Study Selection

Two reviewers (AA and ZZ) independently
screened the titles and abstracts of all trials and
included the trials based on the eligibility criteria.
The full-text articles and their relevant referenc-
es were selected for further assessment. Any dis-
agreements were settled by discussion between
the two reviewers, and a third independent re-
viewer (BB) was invited to participate if neces-
sary.

Data Extraction

Two reviewers (AA and ZZ) independently
read and extracted the data using a standardized
form. The following data were extracted from
each study: population size, median age, bone
marrow (BM) blast count, cytogenetic risk cat-
egories, treatment and dosing regimens, median
treatment duration, and adverse events (AEs) of
interest. The co-primary endpoints such as OS,
CR, neutropenia, leukopenia, thrombocytopenia,
anemia, and febrile neutropenia were included.
All data were recorded in Excel 2016 (Microsoft,
Redmond, WA, USA).

Assessment of Bias Risk

The Cochrane Collaboration’s tool* was used
to evaluate the random sequence generation, al-
location concealment, blinding, incomplete out-
come data, selective reporting, and other sources
of bias. The risk of bias was rated as high, un-
clear, or low. Two reviewers (WW and YY) inde-
pendently evaluated the risk of bias in each study,
and any disagreements were settled down by dis-
cussion with a third independent reviewer (BB).


https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-file_1._PRISMA_2009_checklist-Art.-10382.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-file_2._Search_strategies-Art.-10382.pdf
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Statistical Analysis

Data analyses were carried out using Review
Manager (Version 5.3, The Nordic Cochrane
Centre, The Cochrane Collaboration, London,
UK). A 95% confidence interval (CI) with risk
ratio (RR) or hazard ratio (HR) was used to
present the results of the meta-analysis. The
Cochrane Q statistic was used to estimate the
heterogeneity, and the I? test was used to quan-
tify the inconsistency®. p>0.10 and I°<50%
indicated an acceptable level of heterogeneity,
and a fixed-effects model was adopted; oth-
erwise, a random-effects model was adopted.
Publication bias was evaluated using a funnel
plot for analyses with >10 studies. If no publi-
cation bias was observed, then a symmetrical
scatter forming a triangular “funnel” could be
seen. If publication bias exists, then this might
suggest missing negative studies and results in
an unbalanced shape. Sensitivity analysis was
conducted by deleting one study at a time to
assess the stability of the results. A two-tailed
p-value of <0.05 was considered statistically
significant in all statistical tests.

Relevant Clinical Trials Identified (n=163)

From PubMed (n=51)
From EMBASE (n=139)
From Cochrane (n=25)

Results

Literature Search Results

The literature search yielded 163 potential ab-
stracts, and 105 studies were removed because of
duplications. After reviewing the titles and ab-
stracts, 21 studies were reviewed (full-text) for
eligibility. Of these, 14 studies were excluded due
to duplications, post hoc or without primary end-
points of interest, and the remaining six articles
and one abstract '*?*242% were included in this me-
ta-analysis (Figure 1), which included two Phase
II trials (n=292)*"%¢ and five Phase III trials (n=
1674)19:20242537 published between 2010 and 2019.
The characteristics of these trials are summarized
in Table 1.

Publication Characteristics

All trials included patients with morphological-
ly confirmed AML and aged 55 years or more. A
total of 1966 patients were included in this analy-
sis. Of these, 976 were treated with either azaciti-
dine (n = 719)"%*** or decitabine (n = 257)***%, and
the remaining 990 were treated with CCR includ-

Additional records identified
through other sources (n = 0)

records (n = 105)

Records remaining after removing duplicate

Studies Primarily Excluded
Reviews,
irrelevant to AML, Patients diagnosed with MDS,
non-controlled studies, Study protocols

(n=84)
meta-analysis, commentaries, Reports

Screening of Full-texts (n=21)

Full articles excluded for review studies (n=14)
Duplicate or post hoc studies (n=12)
Reports without primary endpoints of interest (n=2)

Studies Included in Meta-analysis (n=7)

Figure 1. Flowchart presenting the steps of literature search and selection.



Table I. Characteristics of Included Trials.

Reference HMA | Country Sample size (M/F) Median age, years Cytogenetic risk BM Blast Median
i i ; . group, n (%) F/U,
Intervention | Comparison |Intervention | Comparison G
Fenaux et al® AZA | France, UK, Sweden, Italy, 37/18 41/17 70 70 Intermediate: 81 (71.7) Intervention: 23.0 (20.0-34.0) % | 20.1
2010 Spain, USA, Germany, Normal: 52 (46.0) Comparison: 23.1(13.0-68.9) %
Australia Poor risk: 27 (23.9)
Missing: 5 (4.4)
Dombret et al** AZA |France, Poland, USA, 139/102 149/98 75 75 Intermediate: 306 (63.1) Intervention: 70.0 (2.0-100.0)% |24.4
2015 Belgium, Korea, UK, Canada, Poor risk: 174 (35.8) Comparison: 72.0 (2.0-100.0)%
Italy, Spain, Germany,
Australia
Huls et al® AZA | Netherlands, Belgium 35/21 33/27 69 69 Unfavorable risk: 23 (19.8) NR 41.4
2019 intermediate: 93 (80.2)
Seymour et al* AZA |France, Poland, USA, 81/48 78/55 76 75 Intermediate: 124 (47.3) Intervention: 65.0 (27-99)% NR
2017 Belgium, Korea, UK, Poor risk: 138 (52.7) Comparison: 70.0 (26-100)%
Canada, Italy, Spain,
Germany, Australia
Wei et al?’ 2019" AZA |International 238 234 68 NR NR 41.2
Kantarjian et al*® DAC |International 137/105 151/92 73 73 Intermediate: 306 (63.4) 20-30%: 123 (25.2%) NR
2012 Poor risk: 174 (36.0) 30-50%: 141 (29.3%)
>50%: 206 (42.7%)
Jacob et al® DAC |India 12/3 12/3 65 62 Unsatisfactory 15 (50) 20-30%: 10 (33.3%) NR
2015 Normal karyotype 10 (33.3) 30-50%: 12 (40%)
Inv(16) 1(3.3) >50%: 8 (26.7%)
Abnormality of chromosome 8 2 (6.7)
Abnormality of chromosome 7 1 (3.3)

NR = not reported, AZA = Azacitidine, DAC = Decitabine, HMA = hypomethylating agents, BM = bone marrow. *Abstract.
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Table I. (Continued). Characteristics of Included Trials.

Reference

Treatment regimens

Median treatment duration

OS, months

Adverse event, n(%)

Fenaux et al"”?
2010

Intervention: Azacitidine (subcutaneously 75 mg/m?/
day for 7 days Q28 days for at least 6 cycles)
Comparison: CCR (BSC, LDAC 20 mg/m?/day for 14

Intervention: 34 (15-79) days
Comparison:
LDAC, 35 (15-77) days,

Intervention:
24.5 (14.6-NR)
Comparison: 16

Intervention: Anemia: 30 (56.6), Neutropenia: 50 (94.3), Throm-
bocytopenia: 48 (90.6)
Comparison: Anemia: 36 (67.9), Neutropenia: 44 (83.0),

2015

day for 7 days Q28 days for at least 6 cycles
Comparison: CCR (BSC, LDAC 20 mg/m?%day
for 14 days Q28 days for at least 6 cycles, IC)

Comparison:

LDAC, 4 (1-25) cycles,
1C, 2 (1-3) cycles,
BSC, 65 (6-535) days.

days Q28 days for at least 6 cycles, IC) 1C, 2.5 (1-3c¢) cycles, (11.5-17.5) Thrombocytopenia: 44 (83.0)
BSC,6 (2-19) months.
Dombret et al* Intervention: Azacitidine (subcutaneously 75 mg/m?/ | Intervention: 6 (1-28) cycles, Intervention: Intervention: Anemia: 37 (15.7), Neutropenia: 62 (26.3), Throm-

10.4 (8.0-12.7)
Comparison: 6.5
(5.0-8.6)

bocytopenia: 56 (23.7), Febrile neutropenia: 66 (28.0), Pneumonia: 45
(19.1),Leukopenia: 16 (6.8),

Hypokalemia: 12 (5.1)

Comparison: Anemia: 43 (18.3), Neutropenia: 54 (22.9), Throm-
bocytopenia: 53 (22.5), Febrile neutropenia: 70 (29.8), Pneumonia: 33
(14.0), Leukopenia: 19 (8.1),

Hypokalemia: 18 (7.7)

Huls et al*
2019

Intervention: Azacitidine (50 mg/m? sc for 5 days
every 4 weeks for 12 cycles)
Comparison: Observation (no further treatment)

Intervention: 1-4 cycles: 55
5-8 cycles: 44; 9-12 cycles: 37
Comparison: 1-4 months: 60
5-8 months: 39; 9-12 months: 28

NR

Intervention: 0 SAE, 42 (75), 1 SAE, 11 (20),
2 SAE, 2 (3),3SAE, 1(2)
Comparison: 0 SAE, 56 (93), 1 SAE, 4 (7)

Seymour et al*

Intervention: Azacitidine (subcutaneously 75 mg/m?/

NR

Intervention: 8.9

Intervention: Anemia: 19 (15), Neutropenia: 28 (22), Thrombocyto-

2017 day for 7 days Q28 days for at least 6 cycles (6.9, 12.9) penia: 33 (26), Febrile neutropenia: 29 (23), Pneumonia: 24 (19), Leu-
Comparison: CCR (BSC, LDAC 20 mg/m?/day for 14 Comparison: 4.9 | kopenia: 8 (6), Hypokalemia: 9 (7)
days Q28 days for at least 6 cycles, IC) (3.8,6.5) Comparison: Anemia: 21 (16), Neutropenia: 25 (19), Thrombocyto-
penia: 27 (21), Febrile neutropenia: 43 (33), Pneumonia: 18 (14), Leu-
kopenia: 10 (8), Hypokalemia: 10 (8)
Wei et al”’ Intervention: Azacitidine (CC-486 300 mg QD for 14 | Intervention: 12 (1-80) cycles, Intervention: Intervention: Nausea 152(64), Vomiting 140(59), Diarrhea 117(49),
2019 days, Best supportive care 28-day cycles) Comparison: 6 (1-73) cycles. 24.7 Neutropenia 98(41), Thrombocytopenia 55(23), Anemia 33(14), Infec-
Comparison: Placebo (QD for 14 days, Best support- Comparison: tions 40(17)
ive care 28-day cycles) 14.8 Comparison: Nausea 54(23), Vomiting 23(10), Diarrhea 49(21), Neu-
tropenia 56(24), Thrombocytopenia 52(22)
Anemia 30(13), Infections 19(8)
Kantarjian et al®® | Intervention: Decitabine (intravenously 20 mg/m? QD | Intervention: 4 (1-29) cycles, Intervention: 7.7 | Intervention: Anemia: 15 (6), Neutropenia: 15 (6), Thrombocytope-
2012 for 5 days, every 4 weeks) Comparison: (6.2-9.2) nia: 21 (9), Febrile neutropenia: 57 (24), Pneumonia: 48 (20), Leuko-
Comparison: TC (supportive care, or cytarabine 20 Cytarabine, 2 (1-30) cycles, Comparison: 5.0 | penia 47(20), Hypokalemia 27(11)
mg/m? QD for 10 days, every 4 weeks) SC, 2 (1-28) cycles. (4.3-6.3) Comparison: Anemia: 12 (5), Neutropenia: 7 (3), Thrombocytopenia:
11 (5), Febrile neutropenia: 33 (14), Pneumonia: 36 (15), Leukopenia
20(8), Hypokalemia 24(10)
Jacob et al? Intervention: Decitabine (intravenously 20 mg/m? QD | Intervention: 4 (1-7) cycles, Intervention: 5.5 | Intervention: Anemia: 8 (53.3), Neutropenia: 7 (46.7), Thrombocyto-
2015 for 5 days, every 4 weeks) Comparison: 4 (1-14) cycles. (0.5-13) penia: 8 (53.3), Febrile neutropenia: 5 (33.3), Hypokalemia 2 (13.33),
Comparison: Low-dose cytarabine (subcutaneously Comparison: 5.5 | Mucositis 4 (26.67), Fatigue 4 (26.67), Hypocalcemia 3 (20.00)
20 mg/m? QD for 10 days, every 4 weeks) (0.5-17.1) Comparison: Anemia: 7 (46.7), Neutropenia: 8 (53.3), Thrombocyto-

penia: 8 (53.3), Febrile neutropenia: 5 (33.3), Hypokalemia 2 (13.33),
Mucositis 4 (26.67), Fatigue 5 (33.33), Hypocalcemia 2 (13.33)

NR = Not reported, OS = Overall survival, BSC = best supportive care, CCR = Conventional care regimens, IC=Intensive chemotherapy, LDAC = Low-dose cytarabine.
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Figure 2. Risk of bias graph.

ing BSC, low-dose cytarabine (LDAC), intensive
chemotherapy (IC), and placebo. The median age

of patients on the selected trials ranged from 62
to 76 years. The median follow-up was reported
in 4 studies'***>%". Five studies were large, inter-
national, multicenter RCTs, with patients from
the United States, United Kingdom, France, Italy,
Australia, and other countries.

Risk of Bias

The bias analysis is shown in Figures 2 and
3. Six studies were open-labeled RCTs!%20:24-26.28
and one study was a double-blinded RCT*. All
trials reported randomization, one study did not
perform adequate random sequence generation?,
and four studies did not perform adequate allo-
cation'*?*?>?7. The adequacy of blinding of par-
ticipants and personnel (performance bias) was
evaluated using blind methods for the researchers
and participants in the study, and the adequacy
of outcome assessment blinding was judged by

= | Blinding of patticipants and personnel (performance hias)

« | Random sequence generation {(selection hias)

a reviewer who was blind to the patient groups.

~ . Blinding of outcome assessment (detection hias)

) . Allocation concealment (selection hias)

L. .. 1
One study performed blinding of participants®’. In S
three studies, treatment response was assessed by Fenaux 2010 | 2
a third-party specialist in related fields***%**. Ran-
domization, follow-up, and safety analysis were Huls2019 |2 |2 (2 |2
well-designed and conducted. Thus, attrition bias
& Jacob2015 | @ |2 | 2 | 2

and reporting bias were unlikely to exist.

® O O ® ®| ®|® |selectve reporting (reporting bias)

@ O S S S ®|® incomplete outcome data (attrition bias)
OO S S| S| ® | otherbias

i ? ?
HR of Overall Survival PaaAn IR ® ®
All seven studies analyzed the OS between seymour2017 [ 2 | @ |2 | @
HMAs and control. The OS of the elderly AML )
patients who received AZA treatment showed wei2o19| 2 |2 | @ |2
significant prolongation compared to those who
received traditional therapy [HR=0.73, 95% CI Figure 3. Risk of bias summary.
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Experimental Control Hazard Ratio Hazard Ratio
Study or Subgroup  Events  Total Events Total 0-E Variance Weight Expl{O-E) /\/]. Fixed, 95% CI Exp[{O-E) /], Fixed, 95% CI
1.1.1 AZA
Dombret 2015 1493 241 201 247 -16.28 9848 284% 0.851[0.70,1.03] ]
Fenaux 2010 28 55 49 58 -10.78 1428 41% 0.47[0.28,0.79] I
Huls 2019 10 56 19 60 -238 724 2% 0.621[0.30,1.30] -
Sewrnour 2017 72 129 92 133 -1267 4249 12.2% 0.721[0.54, 088 ]
Vel 2019 123 238 182 234 2742 6374 19.8% 0.67 [0.53, 0.84] —_
Subtotal (95% CI) 719 732 66.6% 0.73 [0.64, 0.83] L 2
“otal events 426 5149
Heterogeneity, Chi®= 5.63, df=4 (P=0.23); = 28%
“estfar overall effect Z=4.71 (P = 0.00001)
1.1.2 DAC
Jacob 2015 15 15 15 15  -15 TA6  21% 0.81[0.39, 1.89] -1
Kantatjisn 2012 218 242 227 242 -8 10091 21.4% 0.02[0.60,0.99] —
Subtotal (95% CI) 257 258 33.4% 0.82 [0.68, 0.98] <&
“otal events 234 242
Heterogeneity, Chi®= 0.00,df=1 (P = 0.98); F= 0%
“estior overall effect Z=215(F = 0.03)
Total (95% CI) 976 990 100.0% 0.76 [0.69, 0.85] *
“otal events GEO TE1 ‘ ‘ ) ) ) )
Heterogeneity, Chi®= .58, df = 6 (P = 0.36); F= 8% 01 0z s z z 1

“estior overall effect Z= 508 (F = 0.00001)

- f — — =_

Favours [experimental] Favours [contral]

Figure 4. Forest plot of HR of OS with HMAs vs. CCR or Placebo. CCR=conventional care regimens, HM As=hypomethyl-
ating agents, AZA=Azacitidine, DAC=Decitabine, HR=Hazard Ratio.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Ewents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dombret 2015 47 241 a4 247 182% 0.89[0.63, 1.26] -
Fenaux 2010 10 a4 q a8 40% 1.17 [0.42, 2 6E] |
Huls 20149 36 a6 25 60 19.0% 1.54[1.08, 2.21] -
Kantarjian 2012 B7 247 6 243 1T A% 2AR001.71, 397 —
Seymour 2017 25 129 200 133 143% 1.29[0.75, 2.20] N
Wiei 2014 g2 238 55 234 MAA% 1.64[1.24, 218] ——
Total (95% CI) 961 975 100.0% 1.46[1.08, 1.99] -
Total events 277 1849
Heterogeneity Tau®= 0.08; Chi*=16.20, df= 5 (P = 0.006); F= 59% f ‘ t 1

Testfor overall effect. £= 2,45 (P =001

01 0.2 05 2 5 10
Favours [experimental] Favours [control]

Figure 5. Forest plot of RR of CR with HMAs vs. CCR or Placebo. CCR=conventional care regimens, HM As=hypomethyl-

ating agents, CR=complete remission, RR=risk ratio.

(0.64-0.83), (p<0.01)], while the group receiving
DAC showed also showed significantly prolonged
OS in elderly AML patients compared with
the CCR group [HR=0.82, 95% CI (0.68-0.98),
(p=0.03)] (Figure 4). There was no significant het-
erogeneity in the OS analyses across AZA stud-
ies (7=29%, p=0.23) and DAC studies (*=0%,
p=0.98). The combined estimate demonstrated
an association of HMA treatments with signifi-
cantly better OS [HR=0.76, 95% CI (0.69-0.85),
(p<0.01)], and there was no significant heteroge-
neity between the subgroups (/°=0%, p=0.33).

RR of Complete Remission

Six studies'***** analyzed the CR rate, in-
cluding five AZA studies and one DAC study.
Compared with patients receiving CCR or pla-

cebo, the CR rate was significantly increased in
elderly AML patients receiving HMA treatment
[RR=1.46, 95%CI (1.08-1.99) (p=0.01)] (Figure
5). There was significant heterogeneity in the CR
(P=69%, p=0.006) analyses among studies.

Adverse Events

All seven studies reported AEs, but one of them
reported only the number of people with different
AEs and lacked the number of specific AEs®. Thus,
six studies were included for analyzing the AEs, in
which the hematologic toxicity effects of HMAs for
treating the elderly AML patients were compared.

RR of Neutropenia

For calculating the RR of neutropenia, six tri-
als!*202426-28 with patients receiving HMAs vs.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dombret 2015 62 241 54 247 203% 1.18[0.86, 1.62] T
Fenaux 2010 50 a5 44 83 332% 1.20[1.01, 1.42] il
Jacoh 2015 7 15 8 15 6.4% 0.88[0.43,1.80] [ R
Kantarjian 2012 16 242 7243 4.5% 216[0.89,518] T
Seymour 2017 28 129 25 133 120% 1.15[0.71,1.87] -
Wifei 2019 498 238 A6 234 23E6% 1.72[1.31, 2.26] -
Total (95% CI) 920 930 100.0% 1.30[1.07, 1.59] <>
Total events 260 194
o - iz _ _ a ; : ; ) ; \
?etni;ngenemrl.l T?ru t-é]_ﬂl; §4hIP_—8|j7L]7|jIBE‘f_ S5(P=012);F=43% 0 02 0s ] : 10
estfor overall effect Z= 2.64 (P = 0.008) Favours [experimental] Favours [contraol]
Figure 6. Forest plot of RR of neutropenia associated with HMAs vs. CCR or placebo.
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 7. Forest plot of RR of thrombocytopenia associated with HMAs vs. CCR or placebo.
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Figure 8. Forest plot of RR of anemia associated with HMAs vs. CCR or placebo.

CCR were analyzed (Figure 6). The pooled anal-
ysis showed that the administration of HM As sig-
nificantly increased the risk of neutropenia. The
RR of neutropenia was 1.30 (95%CI 1.07-1.59,
p=0.008). There was no significant heterogene-
ity in the RR of the neutropenia (#=43%, p=0.12)
analysis among the studies.

RR of Thrombocytopenia

Thrombocytopenia was reported in six
studies!?20242¢28 (Figure 7). The pooled anal-

ysis showed that the administration of HMAs
significantly increased the risk of developing
thrombocytopenia. The RR of thrombocy-
topenia was 1.14 (95%CI 1.01-1.59, p=0.04),
showing no significant heterogeneity (/=0%,
p=0.73) among the studies.

RR of Anemia

For calculating the RR of anemia, six tri-
als!®20:24.26-28 with patients who received HMASs vs.
CCR were used for analysis (Figure 8). Adminis-
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Fvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 9. Forest plot of RR of febrile neutropenia associated with HMAs vs. CCR or placebo.

tration of HM As showed no significant change in
the risk of developing anemia. The RR of anemia
was 0.96 (95%CI 0.79-1.16, p=0.64), showing no
significant heterogeneity (=0%, p=0.91) among
the studies.

RR of Febrile Neutropenia

Febrile neutropenia was evaluated in four
studies?®242628 (Figure 9). The pooled analysis
showed that no HMAs increased the risk of
developing febrile neutropenia. The RR of fe-
brile neutropenia was 1.04 (95%CI 0.69-1.58,
p=0.84), and substantial heterogeneity was ob-
served (PP=66%, p=0.01).
RR of Pneumonia

For pneumonia, three trials**?%?® with patients
who received HMAs vs. CCR were used for anal-
ysis (Figure 10). The pooled analysis showed
that the administration of HMAs significantly
increased the risk of developing pneumonia. The
RR of neutropenia was 1.37 (95%CI 1.06-1.76,
p=0.02), and a low heterogeneity (’=0%, p=0.99)
was observed among the studies.

RR of Leukopenia

For leukopenia, three trials**?%?* with patients
who received HMAs vs. CCR were used for anal-
ysis (Figure 11). The results showed no significant

differences in the risk of developing leukopenia
between HMAs and CCR. The RR of leukope-
nia was 1.25 (95%CI 0.57-2.76, p=0.57), showing
significant heterogeneity (/’=77%, p=0.01) among
the studies.

RR of Hypokalemia

For hypokalemia, four trials?***?% with pa-
tients who received HMAs vs. CCR were used for
analysis (Figure 12). The analysis results showed
no significant differences in the risk of develop-
ing hypokalemia between HMAs and CCR. The
RR of hypokalemia was 0.95 (95%CI 0.65-1.37,
p=0.77), and no significant heterogeneity (7=0%,
p=0.74) was observed among the studies.

Discussion

This systematic review and meta-analysis was
intended to test whether HMAs have a better ef-
fect and milder AEs in elderly patients with AML.
The combined analyses revealed statistically sig-
nificant differences in OS and CR with HMA
therapies when compared to control, but the risk
of developing neutropenia, thrombocytopenia, and
pneumonia was increased, confirming that HMAs
are reasonable therapeutic options with a survival
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Study or Subgroup  Events  Total Fvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dombret 2015 45 241 33247 ITO% 1.401[0.93, 2.11] T
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Figure 10. Forest plot of RR of pneumonia associated with HMAs vs. CCR or placebo.
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Figure 11. Forest plot of RR of leukopenia associated with HMAs vs. CCR or placebo.

advantage for elderly AML patients. Meanwhile,
to prevent the occurrence of AEs, optimized treat-
ment plans should be selected to achieve better
clinical efficacy for demethylation therapy.

DNA methylation catalyzed by DNA methyl-
transferase (DNMT) is one of the most import-
ant epigenetic modifications***. In normal and
cancer cells, DNA methylation modifies cytosine
to regulate gene expression, while the silencing
of tumor suppressor genes is related to abnormal
promoter DNA methylation®?*. Aberrant DNA
methylation is related to the prognosis and patho-
genesis of AML and is regarded as the dominant
mechanism of MDS progression to AML*-¢.
Nevertheless, DNA methylation can be reversed
during DNA synthesis, making it a potential
therapeutic target’’. Therefore, demethylation
therapy has become a routine treatment in MDS
and AML®. Azacitidine (5-azacytidine) is me-
tabolized to decitabine (5-aza-2'-deoxycytidine),
forming a covalent protein-DNA adduct, deplet-
ing intracellular methyl-transferase, and leading
to a reversal of DNA hypermethylation on tumor
suppressor genes and induction of apoptosis®**°.

Elderly AML patients have a poor physical re-
serve and have more comorbidities. The median
OS of patients who can tolerate the CCR is about
6-8 months, and the 5-year OS rate is about 5%-
15%. In elderly patients who can tolerate only

LDC therapy or hydroxyurea, the median OS is
only about 3-4 months, and the 2-year OS rate is
about 8%-10%*"*. Related studies suggest that
azacitidine (AZA) can prolong OS with mild side
effects and is especially suitable for elderly AML
patients with poor prognostic karyotypes*!. AZA
is safe and effective for elderly patients with AML
and comorbidities®, while some studies have
shown that AZA significantly reduces the hospi-
talization rate and AEs compared with CCR*.
Other studies have shown that the application of
decitabine in the treatment of elderly AML has
a certain effect and is well-tolerated*®>°. The tol-
erance of elderly patients to demethylation drugs
is significantly better than that of traditional pro-
grams, and so the development of demethylation
drugs has undoubtedly brought hope to the treat-
ment of elderly patients with AML'.

There is currently a lack of prospective
head-to-head studies on AZA and decitabine
(DAC) in the treatment of AML. A retrospec-
tive study® showed that AZA could prolong the
median OS more significantly than DAC, while
the hospitalization rate in the DAC group was
higher than that of in the AZA group due to in-
fection or bleeding. This suggests that AZA is
more advantageous than DAC in treating AML
in elderly patients. According to a study, AZA
and DAC in the treatment of MDS showed sim-
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Figure 12. Forest plot of RR of hypokalemia associated with HMAs vs. CCR or placebo.
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ilar overall efficacy results, but in the elderly
patients’ group (65 years or older), the survival
advantage of AZA was more significant. At the
same time, the incidence of AEs, such as grade
3-4 blood cell reduction and infection in the
DAC group was higher'>. Our research results
confirmed that compared with CCR or placebo,
AZA and DAC significantly prolonged the OS
of elderly patients with AML, and there were
no significant differences between the sub-
groups. Regarding the adverse events, HMAs
demonstrated a higher incidence of neutrope-
nia, thrombocytopenia, and pneumonia com-
pared with CCR, which is consistent with the
literature®-*. The incidence of anemia, febrile
neutropenia, leukopenia, and hypokalemia be-
tween HMAs and CCR showed no significant
differences.

As demethylation drugs are still under devel-
opment, there is still a lack of molecular biomark-
ers that can predict whether patients might benefit
from epigenetic therapy. Therefore, this paper did
not involve the analysis of the effects of gene mu-
tations and karyotype differences on the efficacy
of demethylation drugs. Related research is ongo-
ing, and some experimental studies showed that
some biological indicators might be related to the
responsiveness of demethylation drugs. Studies
have suggested that the relatively high expression
of miR-29b, miR-29¢, and miR-181 is related to
the clinical response rate of decitabine in treat-
ing AML in elderly patients*-%. At the same time,
Metzeler et al®’ showed that AML patients with
low DNMT3A expression might benefit from
demethylation drug treatment. Furthermore, if
leukemia relapses in AML patients or was refrac-
tory to HMA, usually HMAs or other low-inten-
sity therapies that have a dismal prognosis were
continued. A multicenter historical prospective
study found that the addition of venetoclax (a
BCL-2 inhibitor) to AML patients who previous-
ly failed HMA might overcome resistance™ and
demonstrated superior response and prolonged
survival®. Especially in FLT3-mutated (FLT3m)
AML patients, the combined use of venetoclax
and HM As showed encouraging efficacy®. These
might provide new ideas for targeted therapy of
epigenetics.

However, there are several limitations in the
current analysis. Firstly, significant heteroge-
neity was observed in the CR analysis (/*=69
%, p=0.006). The primary source of heteroge-
neity was from Dombret**, and the CR rate in
the AZA group was lower than that in the CCR

group (19.5% vs. 21.9%), but the morphologic CR
with incomplete blood count recovery was high-
er (8.3% vs. 3.2%) in this study. Secondly, most
of the included studies were not blinded, and the
allocation concealment was not clear, which led
to increased bias. Thirdly, this study lacked mul-
ticenter, large-sample studies. Finally, some un-
published negative results were not included.

A second-generation HMA has been devel-
oped to reduce the elimination of decitabine by
cytidine deaminase, thereby increasing the in
vivo exposure of decitabine. A recent clinical tri-
al with Guadecitabine (SGI-110, dinucleotide of
decitabine and deoxyguanosine) demonstrated
a comparable safety profile to decitabine with a
significantly longer half-life®’. A phase II clini-
cal trial showed that more than half of the elderly
treatment-naive patients with AML achieved a
composite CR with guadecitabine and tolerable
toxicity®®. Double-blind RCTs should be carried
out to confirm the toxicity and efficacy of SGI-110
in the future.

Conclusions

In summary, this study aimed to identify if
HMAs have therapeutic advantages compared
with CCR or placebo in elderly AML patients.
The results showed that in the analysis of prospec-
tive RCTs in elderly patients with AML, HMAs
showed improved response rates and OS in com-
parison to CCR or placebo. Although HMAs are
associated with a higher incidence of AEs such as
neutropenia, thrombocytopenia, and pneumonia,
demethylation drugs were well-tolerated in the
treatment of elderly AML. The factors affecting
the reactivity of demethylated drugs need con-
tinuous exploration. Therefore, this meta-analy-
sis suggests that although HMAs cause a higher
incidence of adverse events such as neutropenia,
thrombocytopenia, and pneumonia, demethyl-
ation drugs are well-tolerated and effective for
treating AML in the elderly.
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