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Background: There is great uncertainty in the treatment of elderly patients with acute
myeloid leukemia (AML), which leads to great challenges in treatment decision. The aim of
this study is to find more suitable induction therapy and consolidation therapy for elderly
AML patients.
Methods: A total of 149 consecutive newly diagnosed elderly AML patients (aged ≥60 years)
who received induction chemotherapy in our medical center from January 2015 to December 2019
were retrospectively analyzed.
Results: After the first induction treatment, the complete remission/or complete remis-
sion with incomplete hematologic recovery (CR/CRi) rates in the standard-intensity
chemotherapy group was significantly higher than that in the low-intensity chemother-
apy group (58.2% vs 32.9%, p = 0.003). Compared with the low-intensity chemother-
apy, the incidence of severe infection in the standard-intensity chemotherapy was
significantly increased (p < 0.001), but the early mortality was comparable. One
hundred and seven patients received minimal residual disease (MRD) examination
after the first induction treatment; and MRD was negative accounting for 51.9% in
the standard-intensity chemotherapy group, while only 32.7% in the low-intensity group
(p = 0.05). The 2-year-overall survival (OS) of patients in standard-intensity induction
chemotherapy group (37.2%) was slightly higher than that in low-intensity induction
chemotherapy group (23.4%) (p = 0.075). Eighty-one CR/CRi patients received inter-
mediate or high dose cytarabine (n = 35) or sequential chemotherapy regimens (n = 46)
as consolidation treatment. The 2-year OS and event-free survival (EFS) of patients in
the intermediate or high-dose cytarabine group were significantly higher than those in
the sequential chemotherapy regimens group (73.0% vs 38.5%, p = 0.002; 54.8% vs
35.0%, p = 0.035).
Conclusion: Our results showed that standard-intensity induction chemotherapy can
significantly improve the CR rate for elderly AML patients, and does not increase the
early mortality; consolidation therapy with intermediate or high-dose cytarabine can
significantly improve EFS and OS for elderly AML patients achie
ved CR.
Keywords: acute myeloid leukemia, elderly patients, minimal residual disease, standard-
intensity chemotherapy, intermediate or high dose cytarabine
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Introduction
The incidence of acute myeloid leukemia increases with age;1

at least half of AML patients are over 60 years old.2 There is
great uncertainty in the treatment of elderly patients with acute
myeloid leukemia, which leads to great challenges in treat-
ment decision. Treatment approach for elderly AML patients
includes best supportive treatment, low-intensity chemother-
apy and standard intensive chemotherapy, and previous clin-
ical studies have shown that elderly AML patients receiving
anti-leukemia treatment can still benefit compared with sup-
portive treatment.3,4 Recently, the low-intensity regimen of
BCL-2 inhibitor venetoclax plus hypomethylating agents
(HMA) showed a relatively high complete remission (CR)
rate and a tolerable safety profile in elderly AML patients
unfit for intensive chemotherapy.5,6 However, based on the
condition that venetoclax is not available, whether to use low-
intensity chemotherapy or standard-intensity chemotherapy
for the induction treatment of elderly AML is still unknown.

The CR rate of AML patients receiving intensive che-
motherapy ranges from 39% to 65%;7–9 and patients who
achieved CR do not receive consolidation treatment, the
overall survival is relatively poor. However, little clear
guidance is currently available on how to select a proper
consolidation treatment approach for elderly AML patients
who obtained CR.

This study retrospectively analyzed consecutive newly
diagnosed elderly AML patients who received induction
chemotherapy in our medical center, analyzed and compared
treatment-related complications, early mortality during
induction, the CR rate and survival between standard-
intensity chemotherapy and low-intensity chemotherapy;
for patients who achieved CR, consolidation with intermedi-
ate or high-dose cytarabine or sequential chemotherapy was
also compared.

Methods
Patients
A total of 149 consecutive newly diagnosed elderly AML
patients at the First Affiliated Hospital of University of
Science and Technology of China from January 2015 to
December 2019 were included in this retrospective analy-
sis. All patients were aged 60 years or more. The diag-
nostic criteria of AML were based on the WHO
classifications.10 All patients were diagnosed by bone
marrow examination, including bone marrow cell mor-
phology, immune phenotype, cytogenetic and molecular
analyses, etc. Patient characteristics, blood cell counts,

FAB-classification, molecular biology, European
LeukemiaNet (ELN) risk assessment,11 induction che-
motherapy, adverse events before or during induction,
consolidation treatment, minimum residual disease
(MRD) were collected. This research was approved and
the written informed consent was waived by the Ethics
Committee of the first affiliated hospital of university of
science and technology of China (2021-RE-083).

Treatment
All elderly AML patients in this study received standard-
intensity chemotherapy or low-intensity chemotherapy.
Standard-intensity chemotherapy includes regimens of IA
or DA (idarubicin, 8–12mg/m2/day, for 3 days or daunorubi-
cin, 45–60mg/m2/day, for 3 days; and cytarabine,100 mg/m2/
day, for 7 days), FLAG (fludarabine 30mg/m2/day, for 5
days; cytarabine 1g/m2/day, for 5 days; and granulocyte
colony-stimulating factor (G-CSF) 5 ug/kg/day, for 5 days),
or MA (mitoxantrone,10 mg/m2/day, for 3 days;
cytarabine,100 mg/m2/day, for 7 days). Low-intensity che-
motherapy included regimens of CAG (low-dose cytarabine
10 mg/m2, Q12h on days 1–14; aclarubicin 7 mg/m2/day on
days 1–8, or 14 mg/m2/day on days 1–4; and G-CSF 5 ug/kg/
day on days 1–14), HAG (homoharringtonine 1mg/m2/day
on days 1–7; low-dose cytarabine 10 mg/m2, Q12h on days
1–14 and G-CSF 5ug/kg/day on days 1–14), IAG (idarubicin
5mg/m2/day on days 1–3; low-dose cytarabine 10mg/m2,
Q12h on days 1–14 and G-CSF 5ug/kg/day on days 1–14),
hypomethylating agents (HMA) (Azacitidine 75mg/m2/day,
on days 1–7 or Decitabine 15–20mg/m2/day, on days 1–5),
HMA +CAG, HMA+HAG, HMA+IAG, etc.

Patients who achieved CR/CRi entered consolidation
treatment phase and were treated with intensive intermedi-
ate or high-dose cytarabine (1.5–2g/m2 q12h, for 3 days)
or sequential chemotherapy regimens (such as IA, HA,
MA, CAG, HAG, HMA +CAG, HMA+HAG, etc).

Definitions and Statistical Analysis
Bone marrow examination was used to judge whether the
patient had CR or not. Morphological CR, molecular CR,
CR with incomplete count recovery (CRi), partial response
(PR), no response (NR), relapse, overall survival (OS) and
event-free survival (EFS) were defined as reported
elsewhere.11 Early death was defined as death within 30
days from the first diagnosis.

MRD was identified using the leukemia-associated
immunophenotypes approach. Eight color flow cytometry
was performed in all patients undergoing bone marrow
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examination as a routine clinical test. An MRD level
<0.01% was considered negative in this study.

Categorical variables were assessed using the chi-square
test or Fisher’s exact test, and continuous variables were
assessed using theMann–WhitneyU-test between 2 groups.
The probabilities of OS and EFS were estimated based on
the Kaplan–Meier method. The probabilities of early death
and relapse were estimated by the cumulative-incidence
function method. Death from any reason other than leuke-
mia progression or relapse represents a competing risk. The
end point of OSwas death from any cause, and the end point
of EFS was relapse or death. Statistical analyses were con-
ducted using R statistical software (R Foundation for
Statistical Computing). Differences with p < 0.05 were
considered significant.

Results
Clinical Characteristics
A total of 149 elderly AML patients (age ≥60 years) were
enrolled in this study, 87 males and 62 females, with a median
age of 66 years (range 60–83). Among them, 67 patients
received standard-intensity chemotherapy and 82 patients
received low-intensity chemotherapy. The median age was
65 years (60–76) in the standard-intensity chemotherapy
group and 70 years (60–83) in the low-intensity chemotherapy
group (p < 0.001). In standard-intensity chemotherapy group,
64 patients (64/67, 95.5%) were treated with IA regimen, 1
patient was treated with DA regimen, 1 patient was treated
with FLAG regimen, 1 patient was treated with MA regimen.
In low-intensity chemotherapy group, 35 patients (35/82,
42.7%) were treated with CAG or HAG or IAG regimens
and 47 patients (47/82, 57.3%) were treated with hypomethy-
lating agents plus low dose cytarabine or CAG or HAG or
IAG regimens. Themedianwhite blood count at first diagnosis
in standard-intensity chemotherapy group was higher than in
low-intensity chemotherapy group (18.43×109/L vs 6.77 ×109/
L) (p = 0.039). According to the 2017 ELN classification, the
patients were divided into three risk groups, the high-risk
patients receiving standard-intensity chemotherapy (28/67,
41.8%) were slightly higher than those receiving low-
intensity chemotherapy (24/82, 29.3%) (p = 0.06). Detailed
results are shown in Table 1.

Response to Induction Chemotherapy
Of the 149 patients, 66 (44.3%) achieved CR/CRi after the
first induction treatment. The CR/CRi rate was 58.2% (39/
67) in the standard-intensity chemotherapy group and

32.9% (27/82) in the low-intensity group (p = 0.003)
(Figure 1A). In 82 patients of low-intensity chemotherapy,
47 patients received HMA-based treatment during induc-
tion therapy and 35 patients were not; the CR/CRi rate in
the HMA-based treatment group was 23.4% (11/47) and
45.7% (16/35) in the Non-HMA-based treatment group
(p = 0.06) (Figure 1B).

Among 149 patients receiving induction chemotherapy,
107 patients received MRD examination after the first induc-
tion treatment. In 52 patients receiving standard-intensity
chemotherapy, MRD was negative accounting for 51.9%
(27/52); while in 55 patients receiving low-intensity che-
motherapy, MRD was negative only accounting for 32.7%
(18/55) (p = 0.05) (Figure 1C). Among 66 CR/CRi patients
after the first induction treatment, 63 patients received MRD
examination. MRD negativity was 71.1% (27/38) in the
standard-intensity chemotherapy group and 72.0% (18/25)
in the low-intensity group (p = 0.99).

During induction therapy, there was no significant dif-
ference in the occurrence of cerebrovascular events such
as cerebral hemorrhage or cerebral infarction between two
groups (6 patients in the standard-intensity chemotherapy
group and 5 patients in the low-intensity group) (p = 0.54)
(Figure 1D). The incidence of severe infection such as
sepsis and severe pneumonia in the standard-intensity che-
motherapy group (55/67, 82.1%) was significantly
increased compared to the low-intensity chemotherapy
group (41/82, 50%) (p < 0.001) (Figure 1E). Six patients
(9.0%) in the standard-intensity chemotherapy group and
10 patients (12.2%) in the low-intensity group died during
the first month of induction treatment (p = 0.60)
(Figure 1F). There were no significant differences between
the 2 groups in 1-month early mortality (p = 0.65)
(Figure 2A).

Survival
The median follow-up time of 149 patients was 9 months
(0.3–67). The 2-year OS of patients in standard-intensity
induction chemotherapy group (37.2% with 95% CI, 25.5
to 49.0) was slightly longer than that in low-intensity
induction chemotherapy group (23.4% with 95% CI, 14.4
to 33.6) (p = 0.075) (Figure 2B).

Eighty-one patients achieved CR after one or more
courses induction chemotherapy, 35 patients treated with
intermediate or high-dose cytarabine, and 46 patients trea-
ted with sequential chemotherapy (clinical characteristics
are shown in Supplement Table 1). During the consolida-
tion phase, 44 of 81 experienced relapse. Eighteen patients
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Table 1 Clinical Characteristics

Characteristics Low Intensity Treatment
(n=82)

Standard Treatment
(n=67)

p

Age (years), median (range) 70 (60–83) 65 (60–76) <0.001

Age group, n (%) <0.001

60–65 19 (23.2) 45 (67.2)

66–70 27 (32.9) 15 (22.4)

71–75 25 (30.5) 6 (9.0)

>75 11 (13.4) 1 (1.5)

Sex: M/F, n 46/36 41/26 0.62

WBC at first diagnosis(×109/L), median (range) 6.77 (0.52–172.05) 18.43 (0.78–265.02) 0.039

PLT at first diagnosis(×109/L), median (range) 45 (4–532) 52 (8–268) 0.98

CD56 positive expression, n (%) 11/79 (13.9) 15/66 (22.7) 0.20

FAB-classification, n (%) 0.51

M6 1 (1.2) 0 (0)

M5 24 (29.3) 21 (31.3)

M4 6 (7.3) 7 (10.4)

M2 13 (15.9) 17 (25.4)

M1 3 (3.7) 3 (4.5)

M0 1 (1.2) 1 (1.5)

Unclassified 34 (41.5) 18 (26.9)

Molecular biology, n (%) 0.14

AML1-ETO positive 5 (6.1) 2 (3.0)

CBFB-MYH11 positive 2 (2.4) 1 (1.5)

NPM1 mutation 12 (14.6) 13 (19.4)

FLT3-ITD mutation 2 (2.4) 2 (3.0)

FLT3 mutation MPM1 mutation 2 (2.4) 7 (10.4)

CEBPA mutation 6 (7.3) 9 (13.4)

Others 3 (3.7) 4 (6.0)

Negative detection 39 (47.6) 27 (40.3)

No data 11 (13.4) 2 (3.0)

ELN risk assessment, n (%) 0.06

Favorable-risk 22 (26.8) 22 (32.8)

Intermediate-risk 36 (43.9) 17 (25.4)

High-risk 24 (29.3) 28 (41.8)

(Continued)
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(18/35, 51.4%) experienced relapse in the intermediate or
high dose cytarabine group, and 26 patients (26/46,
56.5%) experienced relapse in the sequential chemother-
apy group during follow-up. The 2-year OS was 73.0%
(95% CI, 54.3 to 85.0) in the intermediate or high-dose
cytarabine consolidation group, in comparison with 38.5%
(95% CI, 23.5 to 53.3) in the sequential chemotherapy
consolidation group (p = 0.002) (Figure 2C). The 2-year
EFS was significantly higher after intermediate or high-
dose cytarabine consolidation (54.8% with 95% CI, 36.3
to 70.0) in comparison with continuous sequential che-
motherapy consolidation (35.0% with 95% CI, 21.1 to
49.4) (p = 0.035) (Figure 2D).

MRD Presence after the first induction was associated
with poor prognosis. The 2-year OS was 71.8% (95% CI,
55.6 to 83.0) in the MRD negative group, which was
significantly higher than that in the MRD positive group
(16.5% with 95% CI, 7.75 to 28.2) (p < 0.001)
(Figure 2E). A significant EFS advantage was also demon-
strable, the 2-year EFS was 55.9% (95% CI, 39.7 to 69.3)
in the MRD negative group and 15.1% (95% CI, 6.86 to
26.4) in the MRD positive group (p < 0.001) (Figure 2F).
For patients who achieved CR/CRi after the first induction
treatment, MRD negative group was also associated with
higher 2-year OS and 2-year EFS rates when compared
with MRD positive group (Supplement Figure 1).

Table 1 (Continued).

Characteristics Low Intensity Treatment
(n=82)

Standard Treatment
(n=67)

p

Pre-induction treatment before confirmed
diagnosis, n (%)

0.41

Hydroxyurea 15 (18.3) 11 (16.4)

Hydroxyurea+ cytarabine+ etoposide 5 (6.1) 9 (13.4)

Others 3 (3.7) 1 (1.5)

Induction chemotherapy

IDA 8~12mg/m2+ cytarabine 100mg/m2, n (%) – 64 (95.5)

CAG or HAG or IAG regimens 35 (42.7) –

Hypomethylating agents plus low dose cytarabine or

CAG or HAG or IAG regimens

47 (57.3) –

Others – 3 (4.5)

Severe infection during induction, n (%) 41 (50) 55 (82.1) <0.001

CNS events (infarction or bleeding) before or
during induction, n (%)

5 (6.1) 6 (9.0) 0.54

Death during induction, n (%) 10 (12.2) 6 (9.0) 0.60

Responses after one course induction 0.007

CR, n (%) 18 (22.0) 32 (47.8)

CRi, n (%) 9 (11.0) 7 (10.4)

PR, n (%) 17 (20.7) 7 (10.4)

NR, n (%) 38 (46.3) 21 (31.3)

One or more than one course induction to reach
CR, n (%)

37 (45.1) 44 (65.7) 0.019

Abbreviations: WBC, white blood cell; PLT, platelet; FAB, French-American-British; ELN, European LeukemiaNet; IDA, idarubicin; CAG, low-dose cytarabine +aclarubicin
+G-CSF; HAG, homoharringtonine+ low-dose cytarabine +G-CSF; IAG, idarubicin +low-dose cytarabine +G-CSF; CNS, central nervous system; CR, complete remission;
CRi, CR with incomplete count recovery; PR, partial response; NR, no response.
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Figure 1 Efficacy and complications. The CR/CRi rate between the standard-intensity group and the low-intensity group (A). The effect of HMA on CR/CRi in low-intensity
chemotherapy group (B). MRD after the first course of induction chemotherapy in the standard-intensity group and the low-intensity group (C). The occurrence of
cerebrovascular events in the standard-intensity group and the low-intensity group (D). The incidence of severe infection between the standard-intensity group and the low-
intensity group (E). Early death in the first month during induction chemotherapy between the standard-intensity group and the low-intensity group (F).
Abbreviations: CR, complete remission; CRi, CR with incomplete count recovery; HMA, hypomethylating agents; MRD, minimal residual disease.
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Figure 2 Survival. The 1-month early mortality between the standard-intensity group and the low- intensity group (A). The OS between the standard-intensity group and
the low-intensity group (B). The OS and EFS between the intermediate/high-dose cytarabine group and the sequential chemotherapy consolidation group (C and D). OS and
EFS stratified for MRD status in patients treated with standard-intensity chemotherapy or low-intensity chemotherapy (E and F).
Abbreviations: OS, overall survival; EFS, event-free survival; MRD, minimal residual disease.
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Discussion
This study retrospectively analyzed all the elderly AML
patients who received induction therapy in our medical cen-
ter in the past five years. The median age was 66 years, which
was consistent with the previously reported median age of
65–70 years.2,3,12 Elderly AML patients have a poor disease-
free survival (DFS) and OS due to poor cytogenetic abnorm-
alities, easily developing drug resistance, high incidence of
cytopenia and low CR rate.13 There is no standard scoring
system for the selection of induction therapy in elderly
patients. Compared with supportive treatment, elderly
AML patients receiving anti-leukemia treatment can still
benefit, and low-intensity induction treatment are easily
accepted and increasingly used. Recently, a multicenter retro-
spective (n = 1292) and prospective nonrandomized cohort
study (n = 695) was conducted to investigate the survival and
quality of life (QOL) benefits with intensive or less-intensive
chemotherapy among elderly AML patients; and patients
receiving intensive chemotherapy had superior OS compared
with those receiving less-intensive options.14 At the same
time, a multicentric European database which collected data
of 3700 newly diagnosed acute myeloid leukemia patients
≥70 years, including 1199 patients receiving intensive che-
motherapy and 1073 patients receiving hypomethylating
agents; this study showed that intensive chemotherapy
remains a valuable option associated with high remission
rate and better long-term survival in older AML patients.15

In our data, 45% patients received standard-intensity induc-
tion chemotherapy, and the CR rate was 58.2%, which was
consistent with the previous reports of 39–69%.3,7,9 Fifty-
five percent of the patients received low-intensity chemother-
apy and the CR rate was only 32.9%, which was consistent
with previous reports of 27–35%.3,7

Previous studies had shown that standard-intensity che-
motherapy increases the incidence of infection and treat-
ment-related mortality (TRM).16,17 This study showed that
although the incidence of severe infection was signifi-
cantly increased during the period of standard-intensity
induction, there was no increase in early mortality. The
real cause of early death may be the disease itself rather
than the TRM. The effective evaluation of AML patients
after induction is generally reflected by the detection of
bone marrow morphology and MRD. At present, assess-
ment of MRD is more common in young AML patients
receiving intensive chemotherapy, which has a certain
value in the evaluation of disease recurrence and
prognosis.18,19 The value of MRD in elderly AML patients

based on different treatment regimens is still unclear. Our
data showed MRD-negative patients in standard-intensity
chemotherapy group accounted for 51.9% and only 32.7%
in low intensity induction chemotherapy group, which was
consistent with 62% receiving intensive chemotherapy and
30% receiving HMA in the study by Hilberink et al.20

Freeman et al21 showed that the OS of elderly AML
patients with negative MRD was significantly better than
that of patients with positive MRD, regardless of CR1 or
CR2. Our results also showed that MRD negative patients
had significantly improved OS and EFS compared with
MRD positive patients.

The consolidation treatment of young AML patients after
remission is relatively clear, using high-dose cytarabine or
allo-HSCT.22,23 However, due to the poor physical tolerance
of elderly AML patients, there is currently no clear choice of
follow-up consolidation therapy. Post-remission therapy is
important to AML patients, and the mortality and recurrence
rate without consolidation treatment are significantly
increased. This study indicated that consolidation therapy
with 3~ 4 courses intermediate or high-dose cytarabine sig-
nificantly prolonged EFS and OS, and none of the patients
terminated treatment due to severe neurotoxicity. Although
not all elderly patients may receive intensive induction che-
motherapy, those that do probably do better with intermediate
or high dose cytarabine. Chemotherapy-related toxicity and
patient tolerance are the main factors limiting the dose of
cytarabine in elderly AML patients, and some studies have
shown that 500 mg/m2 or 1 g/m2 cytarabine can also prolong
DFS and OS.24,25

Conclusion
In conclusion, this study indicated that, treatment for elderly
AML patients, standard-intensity induction chemotherapy can
significantly improve the CR rate, and does not increase the
earlymortality; and consolidation therapywith intermediate or
high-dose cytarabine can significantly improve EFS and OS.
However, this is a retrospective clinical study with limited
number of patients in each group; we will continue to expand
the number of cases in a prospective study, try to find out
which elderly AML patients can benefit from intensive che-
motherapy. In addition, some clinical characteristics of
patients receiving low intensity treatment differed from that
of patients receiving standard treatment including age, WBC
counts at first diagnosis and ELN risk assessment, etc.
Furthermore, recent studies have indicated that the combina-
tion of venetoclax and HMA improves the remission rate and
OS for elderly AML patients; we will also design and conduct
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a prospective study to reassess the efficacy differences
between intensive chemotherapy and this new protocol.

Data Sharing Statement
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able from the corresponding authors upon reasonable
request.
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