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Outline of transplantation in AML

• Introduction to AML and genomics

• What are the indications for allogeneic HSC/BM transplantation in AML?

• Factors to consider in the selection of patients for Allo HSCT

• Ongoing discussion points regarding AlloHSCT in AML

• Role of MRD prior to transplantation

• Role of NPM1mutFLT3-ITDlow in prognosis of AML

• Do we still need to transplant in the age of targeted therapies

• Strategies for relapse post transplantation



AML is a genetically heterogeneous disease. 
Relapse and survival after treatment are defined by the tumour genetics
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Döhner et al, NEJM 2015

1. Signaling activation
2. Transcription factor loss
3. Epigenetic regulators

1. Chromatin
2. DNA methylation

4. Nucleophosmin localization
5. Splicing
6. Cohesin and chromosome 

segregation
7. Tumour suppressors

Discrete classes of mutations in the pathogenesis of AML



WHO classification of AML – from Uptodate.com

A complex classification of a complex disease



Döhner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN 
recommendations from an international expert panel. Blood. 2016:blood-2016-08-733196.

Do not transplant in CR1

Consider allo transplant in CR1

Consider allo transplant in CR1

The European Leukemia Net categorisation is used to predict prognosis and guide 
treatment in AML



Factors to consider in the selection of patients for Allo HSCT

• Disease – risk, stage

• Age

• Comorbidity index

• Psychosocial and compliance

• Donor – sibling, matched unrelated, HLA mismatched, Haplo, Cord

• Conditioning regimens

• Availability of other treatments



KORETH, et al. JAMA 2009

A meta-analysis of survival post Allo HSCT in AML 

SWOG or MRC classification of CG Risk



Schlenk et al. NEJM 2008

Favourable risk AML (NPM1mutFLT3ITDneg) does not benefit from Allo SCT in CR1

Schlenk et al.  NEJM 2008



GVHD is the major toxicity after Allo HSCT, and is linked to GVL effect

Blazar, et al. Nat Rev Immunol, 2012
Weiden et al. NEJM 1979

Cancer.gov



ABMDR – Slide Courtesy of Ashish Bajel

Who is being transplanted in Australia/ globally?

ABMTRR Annual Data Summary 2017
D'Souza A, Fretham C.: CIBMTR Summary Slides 2018

Australian – ABMTRR                                                         CIBMTR



Grigg et al, Br J Haematol 1999
Christopeit, et al. JCO 2013 

Disease stage: Outcomes of transplantation beyond CR1 are poor



Deeg et al. Blood 2010

Patient: Who is fit for Allogeneic transplantation?

Enhanced access to Allo-HSCT with non-myeloablative conditioning



Patient: HCT Comorbidity index

Sorror Blood 2005

Comorbidity HCT-CI

Mild pulmonary Dyspnea on moderate activity or DLco and/or FEV1 81%-90%

Moderate pulmonary Dyspnea on slight activity or DLco and/or FEV1 66%-80%

Severe pulmonary Dyspnea at rest or requires oxygen or DLco and/or FEV1 ≤ 65%

Cardiac
Includes coronary artery disease,* congestive heart failure, myocardial infarction, or 
ejection fraction ≤ 50%: one or more acquiring a score of 1

Mild hepatic Chronic hepatitis, bilirubin > ULN to 1.5 × ULN, or AST/ALT > ULN to 2.5 × ULN

Moderate-severe 
hepatic Cirrhosis, fibrosis, bilirubin > 1.5 × ULN, or AST/ALT > 2.5 × ULN

Mild renal Creatinine 1.2-2 mg/dL

Moderate-severe 
renal Creatinine > 2 mg/dL, renal dialysis, or renal transplant

Prior solid tumor
Treated at any time point in the patient's past history, excluding nonmelanoma skin 
cancer

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895304/table/tbl1/?report=objectonly#tblfn1


Scott et al, JCO 2017

Choice of conditioning regimen

Randomised data

Caveats: 
AML and MDS
Mixed regimens

RIC: Flu/Bu2; Flu/Mel;
MAC: Flu/Cy, Flu/Bu4; CyTBI



Lee et al. Am J Hematol 2019

Choice of conditioning regimen – RIC has increased relapse in high risk disease

Caveats: 
Selection bias
Non randomized
Recipient comorbidities



Integrative analysis to provide recommendations for Allo HSCT in CR1

Cornelissen et al. Nat. Rev. Clin. Oncol (2012)



Gerstung et al. Nat Genet 2017

Digital resources to help risk stratify patients for Allo SCT
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Digital resources to help risk stratify patients for Allo SCT

Gerstung et al. Nat Genet 2017
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FLT3ITD

• Tandem duplications in the 
juxtamembrane (JM) domain

• This interferes with the normal 
negative regulatory role of JM

• Various length mutations 3-
400bp

• Strongly linked to adverse 
prognosis

• Adverse prognosis may be 
mitigated with mutated NPM1

• Higher WCC

FLT3TKD

• Activating mutations in the 
intracellular kinase residues

• Constitutively open ATP binding 
pocket

• Variable effect on prognosis, 
negative impact in some series 
(CBF AML, MLLPTD)

• M5b, M4 and M3v AML

• D835 (89%) and deletions in 
I836 (10%)

• Frequently lost at time of 
relapse after chemotherapy 
(unstable)

Bacher, Schnittger, Blood 2008
Frohling, Dohner, Blood 2002
Litzow, Blood 2005, Pappamanuel, NEJM 2016

The role of FLT3 in predicting AML prognosis



Ratify Study – do we need to transplant in the age of targeted therapy

Stone et al, NEJM 2017



Midostaurine + SCT superior to Placebo + SCT

Stone et al, NEJM 2017

P=0.07



Döhner H, Estey EH, Amadori S, et al. Diagnosis and management of acute myeloid leukemia in adults: 
recommendations from an international expert panel, on behalf of the European LeukemiaNet. Blood. 

2010;115(3):453-74.
Döhner H, Estey E, Grimwade D, et al. Diagnosis and management of AML in adults: 2017 ELN 

recommendations from an international expert panel. Blood. 2016:blood-2016-08-733196.

AML is a genetically heterogeneous disease. 
Relapse and survival after treatment are defined by the tumour genetics



• Aim: to evaluate the performance of ELN2017 in predicting AML 
prognosis after chemotherapy

• Insufficient patient numbers within Australia to answer these highly 
relevant genomic questions

• ~800 Australians are diagnosed with AML each year with heterogeneous 
treatment regimens

• ALLG AML M12 trial recruited 442 patients over 7 years

Papaemmanuil et al. 2016, NEJM; Cancer Genome Atlas Research Network, 2013, NEJM; 
Farrar et al. 2016, Cancer Research; ALLG Annual Report 2010

Validating the performance of ELN2017

Presenter
Presentation Notes
Limits power of local data to assess specific genetic subgroups
AMLSG – German Austrian AML study group, clinical trial,  ICE (idarubicin, cytarabine, etoposide) induction +/- ATRA
TCGA – selected ‘biobank’
TARGET – COG trials, induction chemo +/- others but no targeted agents



• Large international consortia have published datasets with genetic 
information and clinical annotation 

• Identified datasets totalling 2409 patients with 

comprehensive clinical and genomic information

Papaemmanuil et al. 2016, NEJM; Cancer Genome Atlas Research Network, 2013, NEJM; 
Farrar et al. 2016, Cancer Research; ALLG Annual Report 2010

AMLSG
n=1316

Age 18-80

TCGA
n=150

Age 21-82 

TARGET
n=943

(paediatric) Age 2-29

Jasmin Straube

Presenter
Presentation Notes
Limits power of local data to assess specific genetic subgroups
AMLSG – German Austrian AML study group, clinical trial,  ICE (idarubicin, cytarabine, etoposide) induction +/- ATRA
TCGA – selected ‘biobank’
TARGET – COG trials, induction chemo +/- others but no targeted agents



• ELN 2017 and ELN 2010 identified 
clinically relevant prognostic groups

• Inferior outcomes are seen in TCGA 
compared to AMLSG

• median age 59 vs 50 years

• For adult cohorts, the favourable
group had inferior outcomes in 
ELN2017 compared to ELN2010

• AMLSG 6% reduction
• TCGA 5% reduction

• 2017 favourable risk includes 
NPM1mutFLT3ITD–L patients

• Paediatric AML has relatively 
favourable outcome

Favourable/ Intermediate/ Adverse

ELN2017 is able  to identify prognostic groups in AML cohorts



MULTIVARIATE ANALYSIS CONFIRMS ADVERSE PROGNOSIS 
OF FLT3ITD-L IN NPM1MUT AML 

• Adverse prognosis with 
FLT3ITD-L in NPM1mut AML

• HR 1.7 (95% CI 1.2-2.3)

• Other key prognostic 
factors in  NPM1mut AML

• Age

• WCC

• Other mutations: DNMT3A, 
IDH1

Presenter
Presentation Notes
HR 2.3 (95% CI 1.6-3.3) in 
NPM1WT vs. NPM1mut
HR 1.9 (95% CI 1.4-2.6)




Age interacts with NPM1mut and FLT3ITD-L to predict survival

• Dominant effect of age on prognosis in AML
• Absence of a favourable prognostic group in patients >60 yrs

AMLSG TCGA

Presenter
Presentation Notes
To look at the effect of age, we performed separate analyses for above and below 60 years of age. In the AMLSG <60 year cohorts, we again see the poor prognostic influence of FLT3-ITD low within NPM1 mutant AML, which is now also seen in TCGA. Conversely, in the >60 year cohorts, not only is there no significant difference between these 2 groups, but both groups do poorly highlighting the absence of a favourable prognostic group in older patients.



DNMT3A mutation stratifies survival in NPM1mutFLT3ITD-L AML

• Comprehensive molecular genotyping will be essential to develop 
and apply prognostic algorithms in individuals



Favourable
Favourable NPM1mutFLT3wt

Favourable NPM1mutFLT3ITD-L
Intermediate
Adverse

AMLSG

• Context dependent clinical utility of ELN 2017 in adult and paediatric AML

• Age is a dominant clinical risk factor

• There is no favourable risk subgroup in elderly patients with AML

• DNMT3A mutations are potent risk modifying alleles

Straube, et al. Blood 2018

Context dependent clinical utility of ELN2017 in AML

AMLSG



Fröhling et al. Blood 2006

Absence of a favourable outcome in elderly AML

• Only patients eligible for intensive induction chemotherapy
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Ivey, et al. NEJM 2016

Molecular positive post chemotherapy predicts relapse in AML

Note – this holds true for other AML
MRD positive predicts relapse in CBF AML

Lane, et al. Leuk Lymphoma 2008
Carbacioglu, et al. J Clin Oncol 2010



The role of MRD prior to Allo HSCT

Araki, JCO 2016

Multicolour flow
Sensitivity 0.1% approx



NGS based MRD prior to Allo HSCT

Specific mutations were more likely to be positive (RUNX1, SF3B1, TP53). 
It did not matter how long it took to become MRD negative



The role of MRD prior to Allo HSCT



Jongen-Lavrencic NEJM 2018

Detection of MRD and relapse after chemotherapy – not all MRD is equal

Non-DTA mutations

DTA mutations DTA mutations 
>=1%
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Christopher et al. NEJM 2018

Immunological mechanism of relapse after Allo-HSCT



Christopher et al. NEJM 2018

Down-regulation of HLA-class II molecules in AML relapsing after AlloHSCT

Christopher, et al. NEJM 2018



Zeiser R, et al. BBMT 2019

Strategies to treat relapsed AML after allogeneic stem cell transplantation



FLT3 inhibitors post Allo transplantation?

Mathew et al. Nat Med 2018



FLT3 inhibitors post Allo transplantation – more data are needed
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