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Abstract: There is overwhelming evidence indicating that the use of measurable residual disease (MRD) as a biomarker provides 
critical prognostic information and that MRD may have a role in directing postremission decisions. There are a variety of assays for 
MRD assessment, such as multiparameter flow cytometry and molecular assessment of MRD, which present different characteristics in 
patients older than 60 years of age. Due to multiple reasons related to age, the progress of older adult AML patients is rarely 
investigated, especially with respect to MRD. In this review, we will clarify the characteristics of different assays for assessing MRD, 
focusing on its role as a risk-stratification biomarker to predict prognostic information and its role in optimal postremission therapy 
among older adult AML patients. These characteristics also provide guidance regarding the potential to apply personalized medicine in 
older adult AML patients. 
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Introduction
Acute myeloid leukemia (AML) can be diagnosed at any age but mainly presents in older adult patients, with a median 
age at diagnosis of 68 years.1 Although the prognosis of younger AML patients has improved over the past few years, the 
treatment of older adult patients remains challenging.2 The 5-year survival rate is 35%~40% for patients who are younger 
than 60 years and 5%~15% for patients who are older than 60 years; this difference is attributed to the higher incidence 
of unfavorable cytogenetics, higher expression of multidrug resistance, higher relapse rate, and lower ability to tolerate 
intensive chemotherapy, even in those who achieved complete remission (CR) in older adult patients.3,4 Even the tiniest 
remnants in older adult AML patients may lead to relapse, and each relapse may be associated with a decreased 
probability of long-term survival. Accordingly, eradication of even the posttreatment remnants of disease may be 
necessary to evaluate the long-term survival rate or even cure AML in older adult patients.

Herein, we focus on measurable residual disease (MRD) in older adult patients over 60 years of age. Currently, the 
most commonly used therapeutic assessment is CR, which is based on morphological assessment and was established 
decades ago. Due to its limited sensitivity and interobserver variability, bone marrow morphological assessment alone 
insufficient for discriminating the relapse rate.5 Therefore, the role of MRD in the AML landscape is gradually being 
taken seriously, as it can act as a powerful risk-stratification marker to assess the quality of response and to optimize 
postremission decisions.6

However, the role of MRD in older adults is rarely investigated because they are not being referred for intensive 
therapy and are excluded from clinical trials because of comorbidities, frailty, or other reasons. Thanks to hypomethylat-
ing agents (HAMs), low-intensity therapy (eg, low-dose cytarabine or HMAs plus BCL-2 inhibitors) has attracted 
attention, which has increased the possibility of achieving an MRD-negative CR for older adult patients and access to 
disease-specific therapy.6–10 This type of therapy also provides an opportunity to systematically measure patient-specific 
factors, particularly low-intensity therapy and MRD status posttherapy, thus facilitating the discrimination of favorable, 
intermediate and adverse patients for proper port-remission therapy.
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The proper detection method for older adult AML patients still needs to be explored. Currently, several techniques are 
commonly used to assess MRD, such as multiparameter flow cytometry (MFC), real-time quantitative polymerase chain 
reaction (RT‒qPCR), droplet digital polymerase chain reaction (ddPCR), and next-generation sequencing (NGS). Each of 
these technologies differs in AML among older adults, and these methods vary in their sensitivity and applicability.11 There 
is an urgent need for a more objective, sensitive, and specific assessment of MRD to develop more individualized treatment.

In this review, we aimed to evaluate the applicability of MRD assessment in AML patients aged over 60 years, 
investigate the value of MRD in risk stratification and optimize postremission therapy.

MRD Detection in Older Adult AML Patients
Assessment of MRD allows for the detection and quantification of lower levels of residual leukemia cells, which can be 
detected by immunophenotype/molecular assessment and provide a relapse risk assessment for individual patients 
independently from other risk factors.11–14 The two most widely used techniques for MRD assessment are MFC and 
RT‒qPCR; newer technologies, such as ddPCR and NGS, vary in their sensitivity and applicability.15 Nevertheless, aging 
denotes different immunophenotypes and changing genetic markers, and their prognostic association also differs 
compared to younger AML patients (Table 1). Therefore, whether MRD assessment has a comparable effect in younger 
and older adult patients remains to be explored.

Multiparameter Flow Cytometry for MRD
Multiparameter flow cytometry (MFC) is currently the most commonly used assay to assess MRD in the majority of patients 
after a chemotherapy-induced morphologic CR, even for patients older than 60 years.16 MFC includes the methods of tracking 
leukemia-associated immunophenotypes (LAIP) and the “difference from normal” (DfN) analysis,17 and it is also available by 
integrating these methods, which is suggested by the European LeukemiaNet (ELN) MRD working party.11

In older adult AML patients, flow cytometric MRD detection has some particular advantages. First, aging is 
associated with the accumulation of mutations in mature cells. During targeted therapy-induced maturation, the presence 
of mature cells may be a particular issue for genetic MRD monitoring during targeted therapy performed on whole bone 
marrow (BM).18–20 Unlike molecular assays of MRD detection, immunophenotyping by flow cytometry permits MRD 
evaluation in the BM/peripheral blood for predicting relapse without the need for separate mature cells. Second, older 
patients are more likely to have samples that cannot be assessed for MRD; in such cases, flow cytometry could provide 
an estimate of BM hemodilution to evaluate which samples are suboptimal.6

Although some studies have shown that this technique is limited in BM with age-related increases, MFC-based MRD 
detection is still applicable for older adults with AML. Freeman et al first investigated the clinical significance of MFC- 
MRD in older adults with AML with nonacute promyelocytic leukemia. Their findings indicated that older adult AML 
patients in CR (morphology blasts<5%) but with immunophenotypic blasts (≥5%) observed by MFC after one or two 
courses had a poor overall survival (OS), which was not significantly different from older AML patients who were 
refractory according to morphology after one course (P=0.16). In contrast, patients with more than 5% blasts by 
morphology but MRD negativity after one course of remission had a much better 3-year OS than patients who were 

Table 1 Different Characteristics of MRD Techniques

Method Applicability Sensitivity Tissues Character for Older Adult AML

MFC 80%~90% 10−3~10−6 BM + Evaluate MRD without the need for separate mature cells.
+ Evaluate optimal MRD-assessable samples.

RT‒qPCR 20%~40% 10−4~10−5 PB and BM – The targets decline with the age increased.
+ Higher sensitive associate with a more accurate prognostic value.dd-PCR

NGS 80%~90% 10−3~10−6 PB and BM None

Abbreviations: MRD, measurable residual disease; MFC, multiparameter flow cytometry; RT‒qPCR, real-time quantitative polymerase chain reaction; 
ddPCR, droplet digital polymerase chain reaction; NGS, next-generation sequencing; PB, peripheral blood; BM, bone marrow.
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MRD positive with/without morphological refractoriness. The study provided evidence that MFC-based MRD detection 
is also useful in older adult AML patients.16

Molecular Techniques for MRD
Molecular techniques for MRD assessment rely on the detection of abnormal leukemia-related genes in nucleic acids, 
which can provide higher sensitivity and specificity than MFC. We applied molecular MRD with two objectives. First, 
the achievement of complete molecular remission at the end of therapy has begun to act as a therapeutic objective and 
prerequisite for a cure, indicating that it will likely inform therapeutic decisions.11,21 Second, due to high sensitivity, 
molecular progression and molecular relapse could be detected in advance of morphological relapse, thus permitting 
preemptive therapeutic intervention and improving the long-term outcome.11 (Table 2).

As a tool for molecular assessment, RT‒qPCR can be used to monitor genomic alterations by amplifying comple-
mentary DNA (cDNA), which is reverse transcribed by RNA from patient samples, through quantitative PCR. However, 
appropriate and validated targets, such as PML-RARA in acute promyelocytic leukemia (APL), CBF-AMMHC and 
RUNX1-RUNX1T1 in core-binding factor (CBF) AML, and recurrent mutations in NPM1, are present in less than 50% 
of AML patients, and with increasing age at diagnosis, these AML subtypes decline substantially.29–31 To overcome this 
limitation, markers that are highly expressed in leukemic blasts have been used to track MRD, such as WT1 and EVI1 
mRNA transcripts. Several studies have used these transcripts as MRD markers and evaluated them over the course of 
treatment.32–34

NGS technology, which has a similar principle to PCR, can target multiple genes or the entire genome at once. 
Depending on the platform to detect MRD and the amount of input DNA, the sensitivity of NGC can reach 10−6, which 
makes it an attractive choice for every sensitive MRD detection. In a study of 201 patients (ages ranging from 18~63 
years) treated with conventional therapy in morphological CR, NGS-based MRD detection identified over 80% of cases 
identified by MFC at the end of induction, whereas MFC identified 43.9% of cases that were identified by NGS, which 
demonstrated that NGS-based MRD detection is clinically informative and synergistic when combined with MFC.35 

Compared to younger patients, older patients are likely to carry specific mutation genes, including TET2, RUNX1, 
ASXL1 and SRSF2,22,36–39 and have a trend of a higher trend of sAML with adverse genetic mutations.

In the context of MRD assessment, error-corrected NGS (EC-NGS) was newly developed for highly sensitive point 
mutation detection and can analyze multiple mutations in a single patient sample.11 However, the measurement of NGS is 
under development and not ready for routine application in the clinic.40–42

Table 2 Biomarkers for MRD Assessment

Biomarkers Characters Reference

NPM1-Mutated AML ● Leukemic-specific and never found in clonal hematopoiesis.
● Highly concordant between diagnosis and relapse.
● Show favorable rate of OS in younger AML.
● Relevant to higher relapse rate in older adult AML.

[22–25]

CBF AML [inv(16)(p13;q22) CBFB-MTH11, t(8;21) 
(q22;22) RUNX1-RNUX1T1

● Associated with long-term cure in children and young adults.
● Relevant to significantly worse prognosis in older adult AML.

[2,26]

WT1 ● Not leukemic-specific.
● Not recommended unless no other MRD markers are observed.

[11,27,28]

CHIP (DNMT3A, ASXL1, TET2) ● Highly expression in patients with complete morphological remission.
● Increasing frequency with age increased.

[6,11]

Nonrecommended markers (FLT3-ITD, FLT3-TKD,  

NRAS, KRAS, IDH1, IDH2, MLL-PTD and EVI1)

● Frequently gains or losses of certain mutations at relapse.
● Use these markers as a second MRD marker.

[11]

Abbreviations: AML, acute myeloid leukemia; MRD, measurable residual disease; OS, overall survival; CBF, core binding factor; CHIP, clonal hematopoiesis of 
indeterminate potential.
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However, these molecular techniques to detect MRD in older adult AML patients present a problem: in a majority of 
older adult AML patients, there are no validated molecular markers of MRD,43 and the majority of studies on the 
prognostic value of molecular MRD status generally examine younger adults. Therefore, it is hard to apply the prognostic 
value to older patients. For instance, older adult AML patients with t(9;11) have worse disease-free survival, whereas 
younger patients with t(9;11) have a longer disease-free survival (DFS).44 Additionally, DNMT3A mutations coexisting 
with the combined NPM1/FLT3-ITD genotype in younger patients were associated with significantly shorter OS but not 
among older/intermediate cytogenetic risk patients.45 Similarly, the prognostic value of RUNX1 mutations also depends 
on age, which is associated with longer OS in younger patients but not in older patients.45 In light of this, more attention 
should be focused on these questions in the field of molecular MRD in older adult AML patients, and based on these 
particular mutations, individual therapy of these populations will hopefully be raised by researchers.

The Role of MRD in Older Adult AML Patients
Patients who are eligible for intensive chemotherapy only have a median OS of 5 years, and patients treated with 
nonintensive chemotherapy only have a median OS of 7–13 months.46–48 Therefore, the “one size fits all” therapy 
regimen cannot reflect the high immunology and molecular type of older adult AML, and there is an urgent need for 
well-tolerated and individualized therapy for older patients. Applicant MRD after different therapy cycles may reflect the 
resistance factors of all diagnosis and postdiagnosis previously, and its assessments could be helpful for guiding 
treatment in theory and recognizing which patients are candidates for hematopoietic stem cell transplantation 
(HSCT).31 Because of the heterogeneity of AML and the complexity of MRD assessment, the clinical application for 
AML is still doubtful. If MRD can be applied in the clinic, it can be used to redefine risk groups and guide treatment 
strategies.27 (Figure 1, Table 3).

MRD in Low Intensity
Compared with younger AML patients (<60 years), older AML patients have distinct clinical characteristics: they more 
commonly exhibit the expression of unfavorable cytogenetics and multidrug resistance, they have a more frequent 
incidence of secondary AML (MDS-related AML or therapy for other malignancies), and they have greater treatment- 
related toxicity.2,3,59 For these reasons, low-intensity therapy (low-dose cytarabine or HMAs plus BCL-2 inhibitors) in 
older adult AML patients has gained attention, which may help to achieve a CR with MRD negativity. DiNardo et al 
investigated the efficiency of venetoclax combined with decitabine or azacitidine in older adult AML patients.50 The 
results showed that this low-intensity regimen in older adult AML patients could achieve high CR+CR with an 

Figure 1 Summary of MRD in older adult AML patients. Characteristics of MRD in different treatment phases, and the most frequent uses of MRD are risk stratification 
prior to consolidation therapy and optimization of postremission therapy (consolidation chemotherapy).
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Table 3 Previous Studies of MRD in Older Adult AML

Regimen Authors Median Age Group Intervention Technology Studies Details

Low-Intensity Boddu et al, 
20189

76 Newly diagnosed 
AML (n=194)

Hypomethylating agent 
therapy (azacytidine, 

decitabine and 

guadecitabine)

MFC (Cutoff 
0.01%)

CIR: 43% (MRD neg) vs 
84% (MRD pos); No 

statistically significant 

differences in RFS or OS

Kadia et al, 

201849

69 Untreated AML 

(≥60 years) 
(n=118)

Cladribine and low- 

dose cytarabine 
altering with decitabine

MFC Median OS was 14 

months among patients 
who achieved CR/CRi 

with MRD neg

DiNardo et al, 

201950

74 Newly diagnosed 

AML (>65 years) 
and ineligible for 

standard 

induction 
chemotherapy 

(n=145)

Venetoclax with 

decitabine or 
azacitidine

MFC (Cutoff 

10−3)

73% patients could 

achieve CR+CRi, and 
29% of patients with CR 

+CRi could achieve MRD 

neg

DiNardo et al, 

202051

76 Untreated 

patients with 

confirmed AML 
who were 

ineligible for 

standard 
induction therapy 

(n=431)

Azacitidine-venetoclax 

group and azacitidine- 

placebo group

MFC (Cutoff 

10−3)

23.4% of patients in 

azacitidine-venetoclax 

group achieved CR with 
MRD neg and 7.6% in the 

control group; 24 

months OS: 73.6% in the 
azacitidine-venetoclax 

group and 63.6% in the 

control group

Maiti et al, 

202152

72 Older/“unfit” 

patients with 
AML receiving 

first-line therapy 

(n=97)

Decitabine and 

venetoclax

MFC (Cutoff 

0.1%)

Median OS: 25.1 months  

(CR with MRD neg) vs 
11.6 months (inferior 

response); Median RFS: 

not reached (becoming 
MRD neg with 2 months) 

vs 5.2 months (remaining 

MRD pos)

Kadia et al, 

202253

68 Older patients 

with newly 
diagnosed AML 

(n=60)

Venetoclax and CLAD/ 

LDAC alternating with 
venetoclax and 5-AZA

MFC (Cutoff 

0.1%-0.01% 
(10−3–10−4))

24-month OS: 80% in 

MRD-negative group and 
45% in MRD-positive 

group

High-Intensity Freeman et al, 

201316

67 AML/high-risk 

myelodysplastic 

syndrome (MDS) 
(n=833)

Intensive 

chemotherapy

MFC (Cutoff 

0.05–0.2%)

3-year OS: 42% (MRD 

neg) vs 26% (MRD pos) 

after CR1; 38% (MRD 
neg) vs 18% (MRD pos) 

after CR2

Simoes et al, 

202154

73 Newly diagnosed 

AML (n=72)

Fludarabine plus 

cytarabine (FLUGA) vs 

5-azacitidine

MFC (Cutoff 

0.01%)

RFS: 19 months (MRD 

neg) vs 7 months (MRD 

pos); median OS: 25 
months (MRD neg) vs 13 

months (MRD pos)

(Continued)
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incomplete count recovery (CRi) rate of 73%, and 29% of patients with CR+CRi could achieve MRD-negative status at 
least once during research. At a median follow-up of 15.1 months, the median duration of response and OS were not 
reached. This study demonstrated a promising result and a tolerable safety profile.

In subsequent research, DiNardo et al compared the efficacy of the azacitidine-venetoclax group and the azacitidine-placebo 
group in patients who were ineligible for standard therapy.51 The research found that proportion of patients with MRD-negative 
status who achieved CR was 23.4% in the azacitidine-venetoclax group and in 7.6% in the control group, and the OS rate at 24 
months was 73.6% and 63.6% in the azacitidine-venetoclax group and control group, respectively. The results showed that MRD- 
negative status could be helpful to show the efficiency of azacitidine plus venetoclax. This evidence suggests that this therapy 

Table 3 (Continued). 

Regimen Authors Median Age Group Intervention Technology Studies Details

Pre-Transplant Hilberink et al, 

202155

65 years for 

decitabine 
group; 66.7 

years for 

intensive 
chemotherapy

AML (≥60 years) 

who received 
alloHCT after 

treatment with 

decitabine or 
intensive 

chemotherapy 

(n=133)

Decitabine vs intensive 

chemotherapy (7 + 3 
regimen)

MFC (Cutoff 

0.1%)

Decitabine group more 

often had MRD (70% vs 
38%); 2-year OS in 

chemotherapy group: 

78% (MRD neg) vs 47% 
(MRD pos); Decitabine 

group have no 

statistically

Walter et al, 

201556

62.1 years and 

63.8 years for 
NMA in MRD 

negative group 

and MRD 
positive group; 

47.5 years and 

50.8 years MA 
in MRD 

negative group 

and MRD 
positive group

AML patients 

(≥18) in first CR/ 
CRi underwent 

allo-HCT (n=241)

– MFC (Cutoff 

0.1%)

MA group: 3-year OS 

were 76% in MRD neg 
and 25% in MRD pos, 

CIR of GVHD were 10% 

in MRD neg and 27% in 
MRD pos. NMA group: 

3-year OS were 48% in 

MRD neg and 41% in 
MRD pos, CIR of GVHD 

were 9% in MRD neg and 

0% in MRD pos

Post-Remission Foran et al, 
201857

– AML patients 
(≥60 years) 

(n=727)

Standard DA therapy 
for induction, with 2 

cycles consolidation 

with intermedia dose 
Ara-C vs single-agent 

clofarabine for 

induction and 
consolidation

MFC (Cutoff 
0.1%)

DFS for MRD pos: HR 
1.15 (standard therapy) 

vs HR 3.45 (clofarabine)

Roboz et al, 
202258

69 years in 
MRD pos 

group; 68 

years in MRD 
neg group

AML patients 
(≥55 years) in 

CR1 after 

intensive therapy 
and not candidate 

for HCT (n=463)

Oral-AZA 300 mg or 
placebo

MFC (Cutoff 
0.1%)

Median duration of MRD 
neg: 11 months in oral- 

AZA group vs 5 months 

in placebo. OS in oral- 
AZA group was 24.7 

months compared to 

14.8 months in placebo

Abbreviations: AML, acute myeloid leukemia; MRD, measurable residual disease; MFC, multiparameter flow cytometry; RT‒qPCR, real-time quantitative polymerase chain 
reaction; NGS, next-generation sequencing; alloHCT, allogeneic hematopoietic cell transplantation; neg, negative; pos, positive; CIR, cumulative incidence of relapse; RFS, 
relapse-free survival; OS, overall survival; CR, complete remission; CRi, CR with incomplete count recovery, NM, nonmyeloablative; MA, myeloablative; GVHD, graft-versus- 
host disease.
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regimen would obtain higher MRD-negative status and increase survival, which may be a promising key in the future in this 
challenging population.

To further improve the outcomes of older adult AML and evaluate the efficiency of MRD-negative status. Kadia et al 
conducted a clinical trial of cladribine and low-dose cytarabine altered with decitabine for older adult AML.49 Among the 
118 patients, 52 patients achieved CR/CRi after cycle 1, and 27 (52%) of these patients achieved MRD-negative status. 
Twenty-six patients achieved CR/CRi after cycle 2, and 13 (50%) of these patients were MRD-negative. In brief, 68% of 
patients achieved CR/CRi, and over half of these patients achieved MRD-negative status, with a median OS of 14 months, 
which proved that this regimen can be viewed as an available therapy for older or unfit AML patients.

Based on the above research, Kadia et al investigated the combination of venetoclax to cladribine +low-dose cytarabine 
alternating with 5-azacitidine in patients older than 60 years with newly diagnosed AML.53 The results showed that the CR 
+CRi rate was 93%, and 84% of patients could achieve MRD-negative status. The 24-month OS was 80% in the MRD- 
negative group and 45% in the MRD-positive group. The median DFS in the MRD-negative group was not reached (with 
a median follow-up of 22.1 months), while it was only 5.9 months in MRD-positive patients. This result could also provide 
warranted evidence for low-intensity therapy as the front-line therapy for older adult AML patients.

Similarly, a recent study conducted by Maiti et al also analyzed the prognostic value of MRD evaluated by MFC in older 
adult AML patients receiving 10-day decitabine and venetoclax.52 The median time to MRD-negative status was 2 months. 
Compared with patients who remained MRD positive, those who became MRD-negative within 2 months had a longer event- 
free survival (EFS) and OS; the median EFS was not reached vs 5.8 months, and the median OS was 25.1 vs 7.1 months. 
Furthermore, patients who became MRD-negative within 1 month had an 85% reduction in the risk of death (median OS, 25.1 
vs 3.4 months). After achieving a response, 16 patients underwent SCT, and relapse occurred in 1 out of 10 patients who were 
MRD negative before SCT vs 2 out of 5 patients who were MRD positive (1 patient was not valuable for MRD negative). The 
result also indicates that MRD status with outcomes in older adult AML appears to be a useful prognostic tool.

MRD in High Intensity
Older adult AML patients are always thought to be unfit for intensive therapy because of fatal comorbidities, frailty, or 
other reasons. However, some studies have investigated intensive therapy for older adults and evaluated MRD.

Freeman et al evaluated whether MFC-based MRD detection could provide prognostic value in patients older than 60 years 
old who received intensive chemotherapy (daunorubicin with Ara-C or daunorubicin with clofarabine).16 The results showed 
that MRD-negative status was achieved in 51% of patients after CR1 and 64% of patients after CR2. Compared to MRD- 
positive status, MRD-negative status in CR1/CR2 conferred a significantly better 3-year survival (CR1: 42% vs 26%; CR2: 
38% vs 18%; P<0.001) and reduced relapse rate (CR1: 71% vs 83%; CR2: 79% vs 91%; P<0.01). Furthermore, the median 
time to relapse was 17.1 months in the MRD-negative group and 8.5 months in the MRD-positive group. This result provides 
evidence that MRD could be a powerful prognostic predictor in older adult AML, which could lead to refinement of MRD- 
based risk stratification and provide information in this challenging group.

However, unlike intensive therapy and low-intensity therapy, the value of MRD has rarely been investigated in 
semi-intensive therapy. In the PETHEMA-FLUGAZA Phase 3 clinical trial, Simoes et al investigated the role of 
MRD in older adult AML patients treated with fludarabine plus cytarabine (FLUGA) vs AZA.54 Compared to 
patients with persistent MRD after induction, MRD-negative patients had significantly longer OS (median OS, 25 
months vs 13 months, P=0.03) and relapse-free survival (RFS) (median RFS, 19 months vs 7 months, P=0.005). The 
research also showed that the CR/CRi rate was 33% in the FLUGA group vs 23% in the HMA group, but the 
quality of CR/CRi measured by MRD was similar (MRD-negative status was 14% in the HMA group vs 23% in the 
FLUGA group, P=0.54). Among patients with persistent MRD, relapse-free survival (RFS) was significantly longer 
in the AZA group (median RFS, 6 months vs 3 months, P=0.003). This study proved that CR with MRD-negative 
status could supersede morphological CR and act as an independent prognostic factor in older adult AML patients 
who received semi-intensive chemotherapy or AZA.
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MRD Pretransplant
For multiple reasons, older adult patients are always excluded from the landscape of AML, and MRD-tailored HSCT has 
rarely been investigated. Walter et al showed the significance of MRD status at all ages (median age 43.1 years) before 
myeloablative allogeneic HSCT (allo-HSCT) for AML in CR1 and CR2. The 3-year OS was 73% for pretransplant 
MRD-negative patients in CR1, 32% for pretransplant MRD-positive patients in CR1, 73% for pretransplant MRD- 
negative patients in CR2 and 44% for pretransplant MRD-positive patients in CR2. Similarly, the relapse rate was 21% 
for pretransplant MRD-negative patients in CR1, 58% for pretransplant MRD-positive patients in CR1, 19% for 
pretransplant MRD-negative patients in CR2 and 68% for pretransplant MRD-positive patients in CR2. Interestingly, 
among the pretransplant MRD-negative patients, there was no statistical evidence that the increasing level of MRD was 
associated with an increased risk of OS, DFS, relapse or nonrelapse mortality. Based on the available data above, it is 
conceivable that MRD status – rather than the number of remissions – is the primary pre-HCT factor associated with 
relapse risk and outcome post-HCT.60

A retrospective study investigated the efficiency of decitabine versus conventional chemotherapy (7+3 regimen) in older 
adult AML patients who received allo-HSCT.55 Hilberink et al found that the pretransplantation MRD status in patients who 
received decitabine does not have similar prognostic value in older adult patients who received allo-HSCT. Although patients 
in the decitabine group had a more frequent MRD-positive status than those in the conventional chemotherapy group (70% vs 
38%), there was no significant association between the MRD status and relapse (sHR 0.85; P=0.83) or death (HR 0.72; 
P=0.60) rate in the decitabine group, but the MRD-positive status in the chemotherapy group was still related to a higher 
relapse (sHR 4.81; P=0.0031) or death rate (HR 2.8; P=0.02). Because of different mechanisms of action, as well as dynamics 
of response between HMAs and conventional chemotherapy,61 the evaluation of survival benefit of HMAs is not limited to 
morphologic CR.9 From the above experiment, we conclude that it remains unclear whether MRD status could measure the 
survival benefits and predict prognosis in older adult AML patients treated with HAMs.

MRD as Post Remission Therapy Including Post Transplant
Foran et al evaluated the MRD status at the time of CR and investigated the impact on postremission treatment 
strategies.57 Patients were randomized to receive standard DA therapy for induction, with 2 cycles consolidation with 
intermediate-dose Ara-C, or single-agent clofarabine for induction and 2 cycles consolidation. The results indicate that 
MRD-negative patients had superior results regardless of the postremission therapy used. However, MRD-positive 
patients in CR/CRi who received clofarabine consolidation had inferior results compared to those who received standard 
chemotherapy. This discovery suggests that intermediate Ara-C may eliminate the adverse effects of MRD in older adult 
patients with CR/CRi and indicates that MRD status at the time of remission could be used to guide optimal postremis-
sion strategies in older adult AML.

Roboz et al conducted a randomized, phase 3 QUAZAR AML-001 trial (NCT01757535) evaluating oral azacitidine 
(Oral-AZA) in patients older than 55 years old with AML in first CR/CRi after intensive chemotherapy (induction with/ 
without consolidation) who were not candidates for HSCT. The median time from randomization to first achievement of 
MRD negativity approximately corresponded to 56 days within baseline and day 1 of cycle 3 (28 d/cycle), and the 
median total duration of MRD negativity status was 11 months in the oral-AZA group and 5 months in the placebo 
group. Patients who were MRD negative at baseline had a longer duration of MRD negative status in the oral-AZA group 
(median 26.4 months vs 10.4 in placebo).

Compared to placebo, regardless of whether patients had postintensive chemotherapy MRD at study entry, both OS 
and RFS were significantly improved in the Oral-AZA group (OS, 24.7 months vs 14.8 months; RFS, 10.2 months vs 4.8 
months).58,62 Furthermore, oral-AZA could also prolong the duration of MRD negative status by 6 months and 
contributed to a higher rate conversion of MRD+ to MRD- during the treatment (37% vs 19% in placebo).58 Overall, 
the data in QUAZRA AML-001 showed that MFC-based MRD analyses could provide powerful prognostic values and 
help physicians determine the postremission status.

For older adult AML patients undergoing HSCT, MRD could also provide powerful prognostic value. Walter et al 
used MRD to compare the outcomes of patients in first CR undergoing myeloablative or nonmyeloablative HSCT.56 
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MRD-negative patients in both groups had a longer 3-year OS and DFS. Among myeloablative HCT patients, the 3-year 
OS was 76% in the MRD-negative group and 25% in the MRD-positive group, and the DFS rates were 71% and 13%, 
respectively. Among nonmyeloablative HCT patients, the 3-year OS rates were 48% and 41%, respectively, and the DFS 
rates were 42% and 33%, respectively.

For acute and chronic graft-versus-host disease (GVHD), there was a considerable difference in the 100-day 
cumulative incidence of relapse (CIR) of GVHD. For myeloablative HCT patients, the CIRs of GVHD were 10% and 
27% for the MRD-negative and MRD-positive groups, respectively, and 9% and 0% for the MRD-negative and MRD- 
positive groups in nonmyeloablative HSCT patients, respectively. The authors provide powerful evidence that the 
presence of MRD at the time of HSCT is associated with worse post-HSCT results and show the prognostic value of 
MRD posttransplantation.

Therefore, MRD assessment should be given more attention in the progress of therapy in older adult AML in future research, 
where MRD response could serve as a powerful risk-stratification marker and direct the following therapeutic regimen.

However, MRD negativity in older adult patients might indicate different therapeutic strategies than in younger patients.63 

In younger patients, an MRD-positive status is the main criterion for accepting HSCT,14,64 while an MRD-negative status 
indicates that HSCT could be postponed to avoid possible transplant-related toxicity in the population that is likely to be 
cured.65 In older adult patients, an MRD-negative status might represent a “green light” of an aggressive or continuing 
treatment, such as immune therapy, clinical trials of maintenance or reduced intensity conditioning ASCT.66 Whether 
achieving an MRD-negative status in older adult patients might help physicians direct treatment remains unclear.

Conclusion
In summary, MRD detected by MFC or molecular techniques (PCR or NGS) is a powerful risk-stratification biomarker 
that is able to distinguish patients into subgroups with dramatically differing prognoses and for sequential monitoring and 
optimization of postremission decisions. The development of molecular MRD may prompt physicians to design 
personalized therapy aimed at achieving and maintaining an MRD-negative CR while minimizing treatment toxicity.6 

However, it remains unclear how to optimally develop novel therapies for various older adult AML patients, which can 
act for a fixed duration and eradicate MRD, and how to improve the long-term survival of older adults. The outcomes of 
older adult patients treated with conventional strategies have not improved significantly in the last few years, but the 
application of MRD in older adult AML patients is promising to improve outcomes and quality of life.
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