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Case presentations

Case 1: A 35-year-old man with a normal white blood cell (WBC)
count (9.3 3 109/L) was diagnosed with acute myeloid leukemia
(AML) with a t(8;21)(q22;q22) translocation in 25/25 metaphases.
The RUNX1-RUNX1T1 fusion gene was detected by real-time
quantitative polymerase chain reaction (PCR), whereas studies for
mutations involving KIT and FLT3 were negative. After 1 cycle of
induction therapy with cytarabine/idarubicin according to the “713”
schema, he achieved a morphologic complete remission (CR) with
a 2-log reduction of RUNX1-RUNX1T1 transcript levels. The patient
hasanexcellent performance statusandnocomorbidities. Shouldyou
recommend allogeneic hematopoietic cell transplantation (HCT)?

Case 2: A 43-year-old womanwas diagnosed with cytogenetically
normal AML;molecular studies for genemutations involvingNPM1,
CEBPA, and FLT3 were negative. After standard induction che-
motherapy, she achieved a morphologic CR and then underwent 1
cycle of consolidation therapy with high-dose cytarabine. During the
pre-HCT work-up in anticipation of matched related donor trans-
plant, she is found to have evidence of minimal residual disease
(MRD) by multiparameter flow cytometry (MFC); no prior MFC
studies are available. She has no comorbidities other than arterial
hypertension, and her performance status is excellent. Are you
recommending additional cycle(s) of chemotherapy to attempt MRD
eradication before HCT?

Introduction

In recent years, several methods have been developed to detect sub-
microscopic MRD in AML patients in morphologic remission.1-4 The
existence of small numbers of leukemic cells among normal hema-
topoietic cells can be identified based on numeric or structural chro-
mosomal changes, gene mutations, antigen receptor rearrangements,
abnormal gene expression, altered cell growth, and immunophenotypic
abnormalities. Thus far, most exploited for MRD detection and quan-
tification in AML are MFC- and PCR-based approaches, which can
achieve sensitivities up to 1025 to 1026.1-5 MFC has gained popularity
for the detection of MRD in AML because it can be applied to the vast
majority of AML patients, although the identification of immunophe-
notypic abnormalities can be challenging, especially if a diagnostic
specimen is not available or the disease has evolved over time.
PCR-based approaches are typically limited to specific patient subsets,

but recent methodologic advances (eg, based on next generation
sequencing or digital PCR) allow leukemia-associated mutations to
be tracked more comprehensively, thereby broadening the scope of
molecular MRD detection (defined in this study as the detection of
chimeric fusion genes, somaticmutations, or aberrant gene expression).

For several reasons, including variations in health care provision
and laboratory infrastructures between countries and, perhaps, the flu-
idity with which MRD detection methodologies are evolving, imple-
mentation of standardized MRD assessments into clinical practice has
remained a major challenge. Nevertheless, increasing evidence indi-
cates that the presence of MRD, measured either molecularly (as in
case 1) or by MFC (as in case 2), identifies patients at particularly
high risk of relapse and provides powerful prognostic information
beyond pretreatment characteristics, such as cytogenetic or molecular
abnormalities.4 This observation has sparked interest in risk-adapted
treatment strategies that are based on the MRD status to improve
patient outcomes. Herein, we examined the evidence supporting such
an approach.

Literature search strategy

A systematic literature search, restricted to humans and the English
language, was conducted using MEDLINE (October 24, 2014),
Embase (October 31, 2014), and CENTRAL (Cochrane Register of
Controlled Trials; November 10, 2014) (see supplemental Tables A1
and A2, available on the BloodWeb site). Three authors reviewed all
abstracts. Studieswere included if they provided useful extractable data
for AML (other than acute promyelocytic leukemia [APL]) for which
MRD parameters were used to direct therapy. Potential unpublished
articleswere also sought by searchingWebofScience, theWeb sites for
the conference proceedings from the American Society of Hematology
(2012-2014) and the American Society of Clinical Oncology (2012-
2014), as well as the Clinical Trial Registry (www.clinicaltrials.gov;
November 10, 2014). Recommendationswere developed based on the
Grading of Recommendations Assessment Development and Evalu-
ation system (Table 1).6

Search results and discussion

Our systematic literature search resulted in 603 records after dupli-
cates had been removed (MEDLINE, n5 236; Embase, n5 402; and
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CENTRAL, n5 16). Of these, 28 were reviewed in full. No random-
ized, controlled study was found to address MRD-directed therapy for
non-APL AML.

Case 1: MRD-directed therapy of favorable-risk AML

Patients with t(8;21)(q22;q22) AML generally have a relatively fa-
vorable prognosis. With intensive induction chemotherapy, nearly all
individuals who do not die of treatment-related toxicities will achieve
a morphologic CR, and with repeated courses of intensive consolida-
tion therapy, the relapse risk may not exceed 20% to 35% in 3 to 5
years.7-11 Consequently, these patients have, on average, no survival
advantage with allogeneic HCT while in first remission because the
transplant-related mortality is greater than the decrease in relapse rates
afforded by the transplant.12,13 However, significant heterogeneity
within t(8;21)(q22;q22) leukemias is widely appreciated. Several
variables associated with worse outcome have been recognized in at
least some studies, includingahighWBCcount and thepresenceofKIT
or FLT3mutations at diagnosis.7,14-19 Recent studies have highlighted
this disease heterogeneity by identifying subsets of patients with dis-
tinct risks of disease recurrence based on the degree of reduction in
RUNX1-RUNX1T1 transcripts.9-11,20-23 Specifically, in the largest
study conducted to date on 163 patients, a .3 log reduction in tran-
script burden after the first course of induction therapy and a .4 log
reduction after the first course of postremission therapy were associated
with cumulative incidences of relapse (CIR) of only 4% and 13%, re-
spectively; in this study, the clinicianswere blinded to theMRD results,
which thus did not influence patient management.9 Other studies came
to qualitatively similar conclusions.10,22,23 By comparison, other series,
including one on 116 patients, have suggested that MRD levels after
induction have no prognostic relevancewhile they are informative after
consolidation therapy.11,20 Direct comparison of these studies is hin-
dered by the fact that different real-time quantitative PCR methodol-
ogies and data normalizations were employed, the timing of MRD
assessment varied, definitions for thequalityofMRDresponsediffered,
and variable chemotherapy regimens were used. Moreover, because of
their retrospective nature without independent prospective confirma-
tion, estimates from these studies may be subject to significant bias.
Nonetheless, the available evidence suggests that optimal outcomes are
achievedwhen patientswith t(8;21)(q22;q22)AMLobtain either amo-
lecular remission or very significant reductions in RUNX1-RUNX1T1
transcripts with induction and postremission therapy; higher-intensity
regimens may lead to deeper log reductions after the first course of
chemotherapy.9,24 Emerging evidence from a study by Jourdan et al
also suggests that information from posttreatment RUNX1-RUNX1T1
transcript levels may be preferable over high WBC or KIT/FLT3
mutational status to identify patients with high-risk t(8;21)(q22;q22)

AML, as only MRD but not the other factors was of significant prog-
nostic impact in multivariate analyses.25

No randomized trial has so far tested whether patients with
t(8;21)(q22;q22) AML who are in morphologic CR with suboptimal
reduction in RUNX1-RUNX1T1 transcript levels would benefit from
allogeneic HCT. However, a recent multicenter study suggests the po-
tential value of such an approach.11 This study examined 116 patients
aged 15 to 60 years with t(8;21)(q22;q22) AML who achieved mor-
phologic remission with 1 to 2 courses of induction therapy according
to the “713” schema, and then completed 2 cycles of consolidation
therapy consisting of intermediate-dose cytarabine (1 to 2 g/m2 every
12 hours for 3 days) with or without an anthracycline. The lack of a
major molecular response (defined as a .3 log reduction in RUNX1-
RUNX1T1 transcript levels from baseline) after the second course of
consolidation, or loss of major molecular response within 6 months,
was used to categorize patients into high- and low-risk. High-risk
patients were recommended to proceed to myeloablative allogeneic
HCT, whereas low-risk patients were advised to undergo 6 additional
cycles of chemotherapy (intermediate-dose cytarabine for cycles 3
and 4, then cytarabine 100 mg/m2 for 7 days in combination with an
anthracycline [cycle 5], homoharringtonine [cycle 6], mitoxantrone
[cycle 7], or aclamycin [cycle 8]); autologous HCTwas permitted after
4 courses of consolidation. Sixty-nine of the 116 patients (59%) were
compliantwith this risk-adapted approach (with 40/69 high-risk patients
undergoing allogeneic HCT and 29/47 low-risk patients receiving
chemotherapy); the remaining patients served as non-risk adapted
controls. Overall, the risk-adapted treatment approach resulted in sur-
vival outcomes similar to what has been reported earlier. In additional
“as-treated” landmark analyses, allogeneic HCT was associated with a
lower relapse rate and better survival, as compared with chemotherapy
in high-risk patients (5-year CIR: 22.1% vs 78.9%, P, .0001; 5-year
disease-free survival [DFS]: 61.7% vs 19.6%, P5 .001; 5-year overall
survival [OS]: 71.6% vs 26.7%, P 5 .007). Conversely, low-risk
patients did not significantly benefit from allografting with regard
to CIR (14.7% vs 5.3%, P 5 .33) and even had inferior DFS relative
to those treatedwith chemotherapy/autologousHCT (70.3% vs 94.7%,
P5 .024).11 However, because of the possibility of significant bias in
the above analyses, the benefit of allogeneic HCT for high-risk patients
with t(8;21)(q22;q22) AML needs to be confirmed in further, better
controlled studies; if large enough, such studies could also assesswhich
role different transplant conditionings and donor sourcesmight play for
high-risk t(8;21)(q22;q22) AML. Although some patients with insuf-
ficiently reduced transcript levels can remain relapse-free even without
allogeneic HCT, others will experience disease recurrence even when
transplanted, therefore amore aggressive therapy (like allogeneicHCT)
is not always associatedwithabetter outcome in thesepatients.11 Future
investigationswill also need to carefully revisit the impact onOS, given

Table 1. Summary of GRADE recommendations on rating the strength of recommendations and quality of evidence

Strength of recommendation Quality of evidence

1 (“Strong”) Desirable effects of an intervention clearly outweigh (or clearly

do not outweigh) the undesirable effects

A (“High”) Further research is very unlikely to change our confidence in

the estimate of effect

2 (“Weak”) Trade-offs between desirable and undesirable effects are less

certain (eg, because of low-quality evidence or evidence

suggesting closely balanced effects)

B (“Moderate”) Further research is likely to have an important impact on our

confidence in the estimate of effect and may change the

estimate

C (“Low”) Further research is very likely to have an important impact on

our confidence in the estimate of effect and is likely to change

the estimate

D (“Very low”) Any estimate of effect is very uncertain

GRADE, Grading of Recommendations Assessment Development and Evaluation.

Each recommendation consists of a numerical score denoting the strength of the recommendation and a letter denoting the quality of the evidence.6
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that some studies with careful long-term follow-up data indicate that
many patients with favorable-risk AML can be salvaged after first dis-
ease recurrence.7,26

Recommendation. For an adult with t(8;21)(q22;q22)AMLwho
has achieved morphologic CR with persistence of RUNX1-RUNX1T1
transcriptswith 1 course of induction therapy, no data exists to advocate
the immediate use of allogeneicHCT.We suggestmonitoringRUNX1-
RUNX1T1 transcript levels and considering allogeneicHCT if a.3 log
reduction in RUNX1-RUNX1T1 transcript levels from baseline is not
reached after the 2nd course of consolidation or lost within 6 months
(grade 2C). The optimal definition of what should be considered in-
sufficient reduction in RUNX1-RUNX1T1 transcripts levels and the
best timing of this assessment might change based on future data.

Case 2: MRD-directed therapy of intermediate-risk AML

Unlike favorable-risk patients, those with intermediate-risk disease
based on revisedMedical Research Council/National Cancer Research
Institute (NCRI)orEuropeanLeukemiaNet criteria havegenerallybeen
considered appropriate candidates for allogeneic HCT in first mor-
phologic CR, particularly if comorbidity scores are low and an HLA-
matched donor is available.12,13 This recommendation has recently
been challenged by analyses from theMedical ResearchCouncil/NCRI
suggesting that equivalent OS in this risk group may be achievable
by delaying transplantation until after the first relapse.26 Even if an
allogeneic HCT is performed in first morphologic CR, posttransplant
relapse remains a substantial risk. Several retrospective studies have
suggested that, on average, standard cytarabine-based consolidation
chemotherapy before allogeneic HCT for AML patients of all risk
groups in first morphologic CR does not improve posttransplant
outcomes.27-30 Unfortunately, in all these trials, information on MRD
was not available, and it is unknown whether additional postremission
therapy could benefit a subset of patientswithMRD.Numerous studies
have convincingly demonstrated that MRD before allogeneic HCT
is independently associated with a significantly increased risk of sub-
sequent relapse and inferior survival.1,5 This relationship would justify
risk-stratified treatment allocation, including the use of additional pre-
transplant chemotherapy, under the assumption that a further reduction
of tumor burden would optimize the benefit conferred by allogeneic
HCT. However, so far, no well-controlled studies (eg, investigating
immediate vs delayed transplantation in MRD-positive patients with
available donors) have been conducted to rigorously test this hy-
pothesis. Because MRD is fundamentally also an indicator for the
reduced sensitivity of leukemia cells to prior therapies, the presence of
residual disease could thus simplymark those patientswho are unlikely
to be cured with subsequent similar-type therapies, even if disease
levels are brought temporarily below the level of detection. Moreover,
additional therapy to reduce the tumor burden in patients with MRD
is associated with a risk of complications, such as organ toxicities
or infections, that could delay or prevent transplantation, increase
transplant-related mortality, and offset any potential benefit of im-
proved disease control.

Recommendation. There is currently no evidence to support
or refute a benefit of additional chemotherapy for patients with
intermediate-risk AML in first morphologic CR planned to undergo
allogeneic HCT. The presence of MRD is not a contraindication to
allogeneic HCT. Although MRD is associated with a several fold in-
creased risk of post-HCT relapse even after adjustment for other pre-
dictive factors, up to 20% to 30% of patients with MRD at the time
of transplantation experience prolonged DFS (ie, some MRD-positive
patients will be salvaged with either myeloablative or nonmyelo-
ablative conditioning allogeneic HCT).5,31,32 Outside of a clinical trial,

we suggest transplantation without additional chemotherapy in this
situation. We acknowledge the controversy regarding the value of
allogeneic HCT in first CR for intermediate-risk AML, for which
chemotherapy-based postremission therapy followed by close obser-
vation and transplantation in second CR, if obtained, may be a rea-
sonable alternative.33

Conclusion

In APL, molecular assessment of disease response has become stan-
dard practice, and MRD-directed therapy quite plausibly improves
outcome, particularly in patientswith high-risk disease.34,35 In the other
forms of AML, attempts to measure MRD are complicated by the
genetic and molecular complexity/diversity at initial presentation and
disease evolution over the course of the illness with the possibility that
minor subclones can emerge at the time of recurrence.36,37 Not all
abnormalities are therefore equally suited as MRD parameters. None-
theless,MRD is now established as an independent marker of increased
relapse risk in non-APLAML andmay be able to replace morphologic
examinations as the gold standard for the assessment of treatment
responses.4 On the other hand, conclusive data on the value of MRD-
based, risk-stratified therapy is currently not available. A widely cited
study in pediatric AML has used a combination ofMRDmeasurement
and genetic disease features to direct decisions on the second induction
course and subsequent therapy, and based on a comparison with pre-
vious treatment cohorts suggested that this approach could improve

Table 2. MRD detection in AML: remaining key issues

Detection method Issue

All Definition of MRD positivity/negativity

Differences in source of material (bone marrow vs

peripheral blood)

For bone marrow: hemodilution

Variation in timing/frequency of MRD sampling

Regulatory approval/validation of assay

Insufficient assay sensitivity

Disease evolution with change in targets suitable

for MRD detection

Requirement of expertise for data interpretation

Sample degradation

Molecular Choice of target(s), target specificity

Quality of cDNA synthesis

Efficacy of PCR amplification

Insufficient primer specificity

Sensitivity of target gene overexpression limited by

normal tissue expression

Target stability

Data normalization; choice of housekeeping gene

Contamination

Flow cytometry Choice of antigens and antibody panels

Lack of immunophenotypic abnormalities

Lack of diagnostic specimen to determine

immunophenotypic abnormalities sufficient for

MRD detection

Choice of analysis strategy for MRD detection

(diagnostic leukemia-associated

immunophenotypes vs “different-from-normal”

analysis)

Lack of automatic analysis algorithms

cDNA, complementary DNA.

Key issues for MRD detection in AML have been previously highlighted by

several investigators.1-4,36,40,41,43,44,47-51
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outcomes.38 However, because of patient heterogeneity and improving
supportive care measures, comparisons with “historic” control groups
can be problematic,39 and better controlled and ideally randomized
studies will ultimately be required to make a compelling argument for
MRD-directed interventions in non-APL AML.

APL exemplifies that periodic MRDmonitoring for patients with
acute leukemia can be adopted as “standard” once its value is dem-
onstrated. The impact of MRD monitoring in non-APL AML on
survival, quality of life, and resource utilization is currently being
explored in the United Kingdom’s NCRI AML17 trial. In this trial,
patients with leukemias that have informative molecular markers are
randomized to a “MRDmonitoring vs noMRDmonitoring” strategy,
with the question of therapeutic intervention being left to the primary
hematologist/oncologist. So far, however, the use of MRD moni-
toring as a routine tool in non-APL AML is hampered by inter-
laboratory differences in the assays and preferred analytical methods,
varying approaches to defining MRD positivity/negativity with need
to identify the cutoff values that are most informative at a given time
point, differences in source of material (bone marrow vs peripheral
blood) and correction for hemodilution if marrow is examined, and
variation in the exact timing and frequency of MRD sampling. The
remaining key issues with respect to MRD detection in AML are
summarized in Table 2. Inconsistencies in MRD assays limit and
complicate their interpretation and transferability of results and,
likely, curb the enthusiasm of regulatory authorities to use MRD as
an end point in the drug approval process. As an important step
toward optimized use of MRD assays, it will be critical to address
these current shortcomings through the adoption of standardized
methodologic approaches with frequent external quality control, and
validation and clarification of regulatory considerations. Although
their need is well recognized, efforts in that direction have only
begun.4,40-44 In light of these limitations, wewould highly encourage
the research community to work toward standardized methods for
the detection and monitoring of MRD levels and use them as soon
as they become available, and to conduct well controlled, ideally
randomized trials for evaluating the value of MRD-directed treat-
ment escalation or de-escalation in AML. Recent studies in acute
lymphoblastic leukemia demonstrate that such trials are feasible
and can provide definitive evidence thatmodification of postremission

treatment intensity based on MRD status can optimize treatment
outcomes.45,46
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Carreras Leukämie-Stiftung (DJCLS H 09/22) (R.F.S.). The views
expressed are those of the authors and not necessarily those of the
National Health Service, the National Institute for Health Research, or
theDepartment of Health. R.B.W. is a Leukemia&Lymphoma Society
scholar in Clinical Research.

Authorship

Contribution: S.K. and R.B.W. were responsible for the concept of this
review, contributed to the literature search data collection/quality
assessment, analyzed and interpreted data, and wrote the manuscript;
R.F.S. and D.G. analyzed and interpreted data, and critically revised
themanuscript; andV.E.D.Y. designed the literature search, performed
the data extraction and quality assessment, analyzed and interpreted
data, and critically revised the manuscript.

Conflict-of-interest disclosure: The authors declare no competing
financial interests.

Correspondence: Sabine Kayser, Department of Internal Medicine
V,UniversityHospital ofHeidelberg, ImNeuenheimer Feld 410; 69120
Heidelberg, Germany; e-mail: sabine.kayser@med.uni-heidelberg.de.

References

1. Buccisano F, Maurillo L, Del Principe MI, et al.
Prognostic and therapeutic implications of minimal
residual disease detection in acute myeloid
leukemia. Blood. 2012;119(2):332-341.

2. Paietta E. Minimal residual disease in acute
myeloid leukemia: coming of age. Hematology Am
Soc Hematol Educ Program. 2012;2012:35-42.

3. Hourigan CS, Karp JE. Minimal residual disease
in acute myeloid leukaemia. Nat Rev Clin Oncol.
2013;10(8):460-471.

4. Grimwade D, Freeman SD. Defining minimal
residual disease in acute myeloid leukemia: which
platforms are ready for “prime time”? Blood. 2014;
124(23):3345-3355.

5. Buckley SA, Appelbaum FR, Walter RB.
Prognostic and therapeutic implications of minimal
residual disease at the time of transplantation in
acute leukemia. Bone Marrow Transplant. 2013;
48(5):630-641.

6. Guyatt GH, Oxman AD, Vist GE, et al; GRADE
Working Group. GRADE: an emerging consensus
on rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924-926.

7. Schlenk RF, Benner A, Krauter J, et al. Individual
patient data-based meta-analysis of patients aged

16 to 60 years with core binding factor acute
myeloid leukemia: a survey of the German Acute
Myeloid Leukemia Intergroup. J Clin Oncol. 2004;
22(18):3741-3750.

8. Cornelissen JJ, van Putten WL, Verdonck LF,
et al. Results of a HOVON/SAKK donor versus
no-donor analysis of myeloablative HLA-identical
sibling stem cell transplantation in first remission
acute myeloid leukemia in young and middle-aged
adults: benefits for whom? Blood. 2007;109(9):
3658-3666.

9. Yin JA, O’Brien MA, Hills RK, Daly SB, Wheatley
K, Burnett AK. Minimal residual disease
monitoring by quantitative RT-PCR in core
binding factor AML allows risk stratification and
predicts relapse: results of the United Kingdom
MRC AML-15 trial. Blood. 2012;120(14):
2826-2835.

10. Hoyos M, Nomdedeu JF, Esteve J, et al. Core
binding factor acute myeloid leukemia: the impact
of age, leukocyte count, molecular findings, and
minimal residual disease. Eur J Haematol. 2013;
91(3):209-218.

11. Zhu HH, Zhang XH, Qin YZ, et al. MRD-directed
risk stratification treatment may improve
outcomes of t(8;21) AML in the first complete

remission: results from the AML05 multicenter
trial. Blood. 2013;121(20):4056-4062.

12. Koreth J, Schlenk R, Kopecky KJ, et al. Allogeneic
stem cell transplantation for acute myeloid
leukemia in first complete remission: systematic
review and meta-analysis of prospective clinical
trials. JAMA. 2009;301(22):2349-2361.

13. Cornelissen JJ, Gratwohl A, Schlenk RF, et al.
The European LeukemiaNet AML Working Party
consensus statement on allogeneic HSCT for
patients with AML in remission: an integrated-risk
adapted approach. Nat Rev Clin Oncol. 2012;
9(10):579-590.

14. Nguyen S, Leblanc T, Fenaux P, et al. A white
blood cell index as the main prognostic factor in
t(8;21) acute myeloid leukemia (AML): a survey
of 161 cases from the French AML Intergroup.
Blood. 2002;99(10):3517-3523.

15. Schnittger S, Kohl TM, Haferlach T, et al. KIT-
D816 mutations in AML1-ETO-positive AML are
associated with impaired event-free and overall
survival. Blood. 2006;107(5):1791-1799.

16. Cairoli R, Beghini A, Grillo G, et al. Prognostic
impact of c-KIT mutations in core binding factor
leukemias: an Italian retrospective study. Blood.
2006;107(9):3463-3468.

2334 KAYSER et al BLOOD, 9 APRIL 2015 x VOLUME 125, NUMBER 15

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/125/15/2331/1383895/2331.pdf by guest on 07 M

ay 2024

mailto:sabine.kayser@med.uni-heidelberg.de


17. Boissel N, Leroy H, Brethon B, et al; Acute
Leukemia French Association (ALFA);
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