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Remission and Relapse in Acute Myeloid Leukemia



o Acute Myeloid Leukemia (AML) is a biologically complex,1 clinically and genetically 
heterogeneous disease with a poor prognosis2

o AML is fatal for ~80% of patients2

o Relapse represents the major cause of treatment failure3



The initial goal of therapy for AML is to achieve a complete 
remission (CR); CR is requisite, although not sufficient, for cure.1,2
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o Historically, CR has been achieved in 60% to 85% of adults ≤60 years of age, and 
40% to 60% in patients >60 years of age following induction therapy1 

o However, published reviews suggest that most patients with AML relapse within 3 
years after diagnosis1

CR after 1–2 courses of induction chemotherapy 79%

Relapse-free survival, median 15 months
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o Prognostic factors for relapse can be subdivided into those that are related to the 
patient and those that are related to the disease1

o Late onset and/or short duration 
of first CR

o White blood cell count

o Genetic abnormalities

⎻ Driver gene mutations

⎻ Leukemic-cell genetic changes

⎻ Complex karyotype

o Increasing age

o Comorbid conditions

o Poor performance status

o Prior myeloid disorder

o Prior cytotoxic therapy

o Prior allogeneic hematopoietic 
cell transplantation



Measurable (formerly Minimal) Residual Disease



o Definition: the persistence of leukemic cells below the threshold of <5% blasts once 
morphological complete remission has been achieved1,2

o Independent prognostic information:

⎻ MRD can predict relapse3

⎻ MRD confers a negative prognosis consistent with persisting leukemia1

o Potential in risk stratification4



Given the prognostic 
significance of MRD, 
the 2017 European 
LeukemiaNet (ELN) 
recommendations for 
response criteria now 
include CR without 
MRD (CRMRD-) in 
AML2

MRD can establish 
the presence of 
leukemia cells down 
to levels of 1:1000 to 
1:1000000 WBCs, 
compared with 1:20 
for morphologic CR1

MRD after different 
cycles of therapy may 
reflect the sum of all 
diagnosis and post-
diagnosis resistance 
mechanisms/factors1

NCCN Clinical Practice 
Guidelines In Oncology 
(NCCN Guidelines®)
acknowledge existing data 
that have demonstrated/
support a correlation 
between MRD and risk 
for relapse3



Pre-leukemic and leukemic stem and progenitor cells are both present during AML, persist in CR, 
and may cause relapse1

AML cells at relapse are often descendants of some present at diagnosis1
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• Correlated with shorter relapse-free survival2

• Presence of MRD may more than double the 
risk of relapse2

• Correlated with longer relapse-free survival2

Initial tumor



Even if dominant leukemic clones are suppressed or eliminated, leading to CR, genetically related 
but distinct clones may arise, contributing to relapse2



Cumulative incidence of relapse in all patients1

MRD is an independent prognostic factor for relapse in AML1



measures molecular mutations and leukemia-associated fusion transcripts1

detects gene rearrangements, gene fusions, or loss of chromosome material2

allows multiple molecular biomarkers to be monitored simultaneously1

detects antigens expressing leukemia-associated immunophenotypes (LAIPs) or 
manifesting a “different” immunophenotypic maturation profile1





MFC

• Wide applicability (>90%)

• Relatively quick (results ≤1 day)

• Single result interpretable

• High specificity when using defined LAIP

• Can detect cells with leukemia-stem cell phenotype

• Can distinguish between live and dead cells

• Ease of data storage

• Provides information about whole sample cellularity

• Challenging and somewhat subjective interpretation requires experienced 
pathologist 

• Sensitivity dependent on antibody panel used

• Limited harmonization and standardization across laboratories

• Leukemic phenotype not necessarily stable over time (eg, initial LAIP may not 
identify subclones leading to relapse)

NGS

• Relatively easy to perform

• Sensitive

• Applicable to specific subgroups

• Limited standardization

• Error rate leads to low-sensitivity of mutated sequences

• Mutated genes can be detected in healthy people without hematologic 

abnormalities

• Persistence of some genetic abnormalities in patients in long-term remission

• Risk of contamination

RT-qPCR

• Wide applicability

• May be run by any certified laboratory with RT-qPCR capacity

• High sensitivity (≥MFC)

• Well standardized

• Quality assurance routinely incorporated

• Results may take multiple days

• Expensive (computationally demanding and time-consuming)

• Requires high-level expertise

• Requires setting of threshold limits

• Interpretation often requires trend of results

• Different mutations have different biological consequences in AML

• Molecular targets applicable to only ~50% of all AML cases and <35% in older 

patients

FISH
• Superior to PCR-based assays for detection of numeric 

cytogenetic abnormalities (gains and losses of whole 

chromosomes or deletions / duplications)

• Considerably less sensitive than PCR or MFC

• Not useful for patients with normal karyotype

• Technique is labor intensive



Post-induction 
therapy: 

to assess remission status 
and determine kinetics of 
disease response

Serial monitoring of MRD during CR: 

beyond consolidation to detect 
impending morphologic relapse1

Post-consolidation 
therapy: 

to assess remission status 
and determine kinetics of 
disease response

Post-HSCT: 

to inform post-HSCT 
measures aiming to avoid 
frank relapse



Post-induction 
therapy

Before allogeneic 
transplantation

Additional time points should 
be guided by regimen used



o

NCCN Guidelines
state that MRD should 
be evaluated over the 
course of sequential 
therapy3

2017 ELN guidelines 
actively recommend 
monitoring for MRD2

Based on the 
importance of MRD 
in AML, a new 
response category has 
been established: 
CR without minimal 
residual disease 
(CRMRD-)

2

MRD can be 
detected down to 
levels of 1:1000 to 
1:1000000 WBCs, 
compared with 1:20 
for mCR1





o CR is requisite, although not sufficient, to achieve a cure in AML1,2

o Most patients achieve an initial CR,3 but many will relapse and succumb to 
progressive disease4

o Patients with AML could relapse for a variety of reasons, but the depth of remission, 
reflected by MRD, could be the primary factor5

o MRD provides independent prognostic information, conferring a negative prognosis 
consistent with persistent leukemia6

o The possibility of detecting MRD far below the level of 5% blast cells is changing the 
landscape of risk classification5





Hematologic relapse 
(after CRMRD-, CR, 
CRi)

BM blasts ≥5%; or reappearance of blasts 
in the blood; or development of 
extramedullary disease 

Molecular relapse 
(after CRMRD-) 

If studied pretreatment, reoccurrence 
of MRD as assessed by quantitative 
RT-qPCR or by MFC

Test applied, sensitivity of the assay, and cut-off values 
must be reported; analyses should be done in 
experienced laboratories (centralized diagnostics)

Primaryrefractory
disease

No CR or CRi after 2 courses of intensive
inductiontreatment; excluding patients with
death in aplasia or death due to
indeterminate cause

Regimens containing higher doses of cytarabine are
generally considered to be the best option for patients 
not responding to a first cycle of 7+3; the likelihood of
responding to such regimens is lower after failure of a
first induction

Death in aplasia

Deaths occurring ≥7 days following completion
of initial treatment while cytopenic;with an
aplastic or hypoplasticBM obtained within 7
days of death, withoutevidence of persistent
leukemia

Death from
indeterminatecause

Deaths occurring before completion of
therapy, or <7 days following its completion;
or deaths occurring ≥7 days following 
completion of initial therapy with no blasts in 
the blood, but no BM examination available


