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KEY PO INT S

l A risk-adapted, MRD-
driven transplant
strategy is a feasible
approach for the
treatment of younger
adults with AML.

l Pretransplant MRD
positivity should not
contraindicate
delivery of an
allogeneic stem cell
transplant.

We designed a trial in which postremission therapy of young patients with de novo acute
myeloid leukemia (AML) was decided combining cytogenetics/genetics and postconsolidation
levels of minimal residual disease (MRD). After induction and consolidation, favorable-risk
patients (FR) were to receive autologous stem cell transplant (AuSCT) and poor-risk
patients (PR) allogeneic stem cell transplant (AlloSCT). Intermediate-risk patients (IR)
were to receive AuSCT or AlloSCT depending on the postconsolidation levels of MRD.
Three hundred sixty-one of 500 patients (72%) achieved a complete remission, 342/361
completed the consolidation phase and were treatment allocated: 165 (48%) to AlloSCT
(122 PR, 43 IR MRD-positive) plus 23 rescued after salvage therapy, for a total of 188
candidates; 150 (44%) to AuSCT (115 FR, 35 IR MRD-negative) plus 27 IR patients (8%)
with no leukemia-associated phenotype, for a total of 177 candidates. Overall, 110/177
(62%) and 130/188 (71%) AuSCT or AlloSCT candidates received it, respectively. Two-
year overall (OS) and disease-free survival (DFS) of the whole series was 56% and 54%,

respectively. Two-year OS and DFSwere 74% and 61% in the FR category, 42% and 45% in the PR category, 79% and
61% in the IR MRD-negative category, and 70% and 67% in the IR MRD-positive category. In conclusion, AuSCT may
still have a role in FR and IRMRD-negative categories. In the IRMRD-positive category, AlloSCT prolongs OS and DFS
to equal those of the FR category. Using all the available sources of stem cells, AlloSCT was delivered to 71% of the
candidates.This trial was registered at www.clinicaltrials.gov as #NCT01452646 and EudraCT as #2010-023809-36.
(Blood. 2019;134(12):935-945)

Introduction
Despite the continuously growing knowledge about the genetic
and molecular landscape of acute myeloid leukemia (AML),1-6

the paradigm of treatment of young adults with AML is still largely
based on the “one-size-fits-all” approach, with postremission

strategies still depending on donor availability rather than on the
actual risk of disease relapse.7 In the short term, this has led to
satisfactory rates of complete remission (CR) (70%-80%), but in
the long-term survival, estimates are still disappointing, with,30%
to 40% of patients becoming long-term survivors.8,9
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Debora Capelli,24 Robin Foà,25 Caterina Alati,26 Edoardo La Sala,3 Paola Fazi,3 Marco Vignetti,3 Luca Maurillo,2 Francesco Buccisano,1,2

Maria Ilaria Del Principe,1,2 Maria Irno-Consalvo,1 Tiziana Ottone,1 Serena Lavorgna,1 Maria Teresa Voso,1,2 Francesco Lo-Coco,1,2

William Arcese,1,2 and Sergio Amadori3

1Hematology, Department of Biomedicine and Prevention, University Tor Vergata, Rome, Italy; 2Fondazione Policlinico Tor Vergata, Rome, Italy; 3GIMEMA
Foundation, Rome, Italy; 4Hematology, Azienda Sanitaria Universitaria Integrata di Udine, Udine, Italy; 5Fondazione IRCCS Casa Sollievo della Sofferenza, UO di
Ematologia, San Giovanni Rotondo (FG), Italy; 6Ospedale Ferrarotto, Catania, Italy; 7Ospedale Niguarda Ca Granda, Milan, Italy; 8Ospedale S. Eugenio, Rome,
Italy; 9Azienda Ospedaliera S. G. Moscati, Avellino, Italy; 10Azienda USL di Pescara, Pescara, Italy; 11Ospedale S. Maria delle Croci, Ravenna, Italy; 12Istituto Tumori
della Romagna, Meldola, Italy; 13Policlinico S. Orsola-Malpighi, Bologna, Italy; 14Ematologia, Dipartimento di Scienze Mediche e Chirurgiche Materno-Infantili e
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• 361 of 500 patients (72%) achieved a
complete remission,

• 342/361 completed the consolidation
phase and were treatment allocated:
165 (48%) to AlloSCT (122 PR, 43 IR
MRD-positive) plus 23 rescued after
salvage therapy, for a total of 188
candidates; 150 (44%) to AuSCT (115
FR, 35 IR MRD-negative) plus 27 IR
patients (8%) with no leukemia-
associated phenotype, for a total of 177
candidates.

• Overall, 110/177 (62%) and 130/188
(71%) AuSCT or AlloSCT candidates
received it, respectively.
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N°TMO    %
N° Pz.  Trial                   500      130      26
N° Pz.   in R.C.              361      130      36
N° Pz.  candidati Allo   188      130      69
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RABBIT ATLGs

For many are called, but few are chosen

Mattew 22:14

Estey & Gale Leukemia 2017
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RELAXING ELIGIBILITY CRITERIA

21380 NEW AML CASES IN USA IN 2017
MEDIAN AGE 68

Appelbaum BBMT 2017

LIKELIHOOD TO BE ALLO TRANSPLANTED LESS THAN 30%

Østgård BBMT 2018

1031 PTS WITH INT/HIGH RISK ACHIEVED CR1
ONLY 19% ACTUALLY TRANSPLANTED
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Nuove diagnosi di AML vs Numero di Trapianti allogenici

• Nuovi casi attesi in Italia /anno/ 100.000 abitanti : 3500 (AIRTUM 2015 malattie rare 
ematologiche), età mediana 68 anni, % low risk 32% (ELN 2017)

• Numero di trapianti allogenici 800 procedure/anno – Survey GITMO 2020   (procedure > 
65 anni  25%)

• Età <  68 anni : N°nuove dx/y 1750 meno LR = 1190 casi
N°TMO eseguiti 600 (75% di 800), pari al 50% delle indicazioni

• Età > 68 anni :  N°nuove dx/y 1750 meno LR = 1190 - Pz > 75 a (circa 50%)= 600 casi
N°TMO eseguiti 200 (25% di 800), pari al 30% delle indicazioni

• Transplant rate inferiore all’atteso per numerose variabili correlate non solo al   
paziente…

• Le percentuali del TMO allogenico nei trails non rispecchiano la real life
• Ulteriore e forte indicazione ad inserire i Pz. in studi clinici 
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Allotransplant is the most effective therapy able to reduce the relapse 
risk but its overall benefit is limited by the NRM and QoL

Reduction of relapse is independent of the genetic risk

A seminal metanalysis demonstrated that the overall benefit from allo 
regards adverse and intermediate genetic risk pts

Koreth JAMA 2009*Cornelissen Blood 2007°Yanada Cancer 2005
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WHO (in CR1- fit to chemo-)

Dohner Blood 2017

Consider TRANSPLANT 
FACTORS

GENETIC 
RISK MRD



Acute myeloid leukemia: 2021 update on risk-stratification and management

American Journal of Hematology, Volume: 95, Issue: 11, Pages: 1368-1398, First published: 24 August 2020, DOI: (10.1002/ajh.25975) 

5 yrs OS –ELN 2017 
risk group

Age < 60 Age > 60

LOW Risk 64% 37%

INT Risk 42% 16%

HIGH Risk 20% 6%



Selection of patients with acute myeloid leukaemia in first complete remission for allogeneic stem cell
transplantation (allo-SCT), based on relapse risk (Döhner et al., 2017; Schuurhuis et al., 2018) and estimate
of non-relapse mortality (NRM) (Sorror et al., 2014), adapted from Cornelissen and Blaise (2016).

British Journal of Haematology, 
2020

https://onlinelibrary.wiley.com/doi/10.1111/bjh.16355
https://onlinelibrary.wiley.com/doi/10.1111/bjh.16355
https://onlinelibrary.wiley.com/doi/10.1111/bjh.16355
https://onlinelibrary.wiley.com/doi/10.1111/bjh.16355
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WHEN WHO

CR1 HIGH RISK pts
INTERMEDIATE RISK (MRDPOS) pts

CR2 ALL RISKs

Active disease REFRACTORY/rel DISEASES

Intermediate MRD neg risk pts in CR1?

Favourable risk pts in CR2 ?
Koreth JAMA 2009; Dohner Blood 2017



Ten-year outcome of patients with acute myeloid leukemia not treated with allogeneic
transplantation in first complete remission.  Vaso S. et al. Blood Advances, 2018 

Promising data on targeted therapies for selected AML subsets
and near-universal donor availability for Allo-HCT underline the
importance of identifying patients who are cured and disease-free
for 10 years without an Allo-HCT.11-13 Using the well-annotated
Cancer and Leukemia Group B (CALGB)/Alliance patient data,
we describe the pretreatment clinical and cytogenetic features
and causes of death beyond 10 years in these long-term disease-
free survivors.

Methods
Patients

Patients with acute promyelocytic leukemia, secondary or treatment-
related AML, and those who underwent Allo-HCT in CR1 were
excluded. A total of 2551 patients diagnosed with de novo AML were
enrolled into CALGB 8461, a cytogenetics companion protocol,
between 1983 and 2004 (Figure 1). All patients provided written
informed consent for participation in the studies, and all study protocols
were in accordance with the Declaration of Helsinki and approved by
institutional review boards at each treatment center.

Cytogenetic studies

Pretreatment cytogenetic analyses of bone marrow and/or blood were
performed in institutional, CALGB-approved laboratories. Karyotypes

were reported according to the International System for Human
Cytogenetic Nomenclature14 and karyotypes underwent central
review.15 Patients were divided into 4 groups: (1) CBF-AML
[inv(16)(p13.1q22)/t(16;16)(p13.1;q22) and t(8;21)(q22;q22)];
(2) normal cytogenetics (CN-AML); (3) other abnormal karyotypes
(excluding CBF-AML); and (4) unknown karyotype (due to inadequate
mitoses).

Induction and consolidation regimens in 10-year
disease-free survivors

Induction treatment was usually with cytarabine and an anthracycline,
whereas postremission therapy varied by study. Patients aged
,60 years (hereafter referred to as younger) were treated on
CALGB/Alliance protocols 8221 (n5 3), 8525 (n5 61), 8721 (n5 1),
8821 (n 5 2), 9022 (n 5 17), 9222 (n 5 47), 9621 (n 5 51), and
19 808 (n 5 51). Patients aged $60 years (hereafter referred
to as older) were treated on CALGB 8525 (n 5 7), 8821 (n 5 1),
8923 (n 5 7), 9420 (n 5 1), and 9720 (n 5 1).

Younger patients enrolled onto the CALGB 8525 protocol were
treated with cytarabine and daunorubicin induction chemotherapy
and were randomly assigned to 4 cycles of consolidation with low,
intermediate or high doses of cytarabine followed by maintenance
treatment with four cycles of low dose cytarabine combined with

Patients (n=2551) with de novo AML (except APL; patients with sAML and tAML and those receiving
Allo-HCT in CR1 not included) enrolled on CALGB/Alliance treatment protocols and

companion cytogenetics protocol CALGB 8461 from 1983 to 2004

Aged �60 years at diagnosis (n=1607) Aged t60 years at diagnosis (n=944)

Achieved CR1 (n=1231) 

CBF-
AML
n=24

CN-
AML

n=368

Abnormal
karyotype

n=361

Unknown
karyotype

n=191

CBF-
AML
n=4

CN-
AML
n=9

Abnormal
karyotype

n=4

Unknown
karyotype

n=6

CBF-
AML

n=185

CN-
AML

n=679

Abnormal
karyotype

n=460

Unknown
karyotype

n=283

CBF-
AML
n=74

CN-
AML

n=113

Abnormal
karyotype

n=46

Unknown
karyotype

n=34

Patients who are disease-free for more than 10 years

n=267 (16.6%) n=23 (2.4%) 

CBF-
AML

n=178

CN-
AML

n=546

Abnormal
karyotype

n=289

Unknown
karyotype

n=218

Achieved CR1 (n=569) 

CBF-
AML
n=22

CN-
AML

n=251

Abnormal
karyotype

n=183

Unknown
karyotype

n=113

Figure 1. Overview of AML patients enrolled on the CALGB 8461 cytogenetic study and receiving chemotherapy-based treatment on successive CALGB trials.

Abnormal karyotype indicates other abnormal karyotypes (excluding CBF-AML); unknown karyotype (due to inadequate mitoses). APL, acute promyelocytic leukemia; CALGB,

Cancer and Leukemia Group B; CBF, core-binding factor; CN, cytogenetically normal; sAML, secondary AML; tAML, therapy-related AML.

1646 VASU et al 10 JULY 2018 x VOLUME 2, NUMBER 13

Downloaded from
 http://ashpublications.org/bloodadvances/article-pdf/2/13/1645/881218/advances015222.pdf by guest on 29 October 2021
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TRENDS IN ALLOGENEIC TRANSPLANT
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# COME MIGLIORARE L’EFFICACIA E RIDURRE LA 
TOSSICITÀ DEL TRAPIANTO ALLOGENICO

• TRM/NRM (HCT-CI, mEBMT SCORE, ADT... )
• SELEZIONE DEL DONOR *
•REGIMI DI CONDIZIONAMENTO
•MRD*
• PROFILASSI DELLA GVHD
• FOLLOW UP POST ALLO



# CONVENTIONAL EBMT ALGORITHM FOR DONOR SELECTION
ON THE BASIS OF HLA IN ADULT PATIENTS WITH HEMATOLOGICAL 

MALINGNANCY

1. HLA IDENTICAL SIBLING 

2. UNRELATED DONOR (MATCHED OR MISMATCHED)     

3. ALTERNATIVE DONOR (CORD BLOOD OR HAPLOIDENTICAL)

0-30%

40-60%

10-30%

DONOR TYPE



Allogeneic Transplant by donor type

URD 53.3%
HLA id       32.0%
Haplos 15.0%







Clinical results: T-repleted Haplo vs MUD
1. Hematological recovery slower in haplo than MUD, even if PBSC are used.

1. Higher graft rejection rate in haplo than in matched MUD, related to anti DSA Ab.

2. Similar rate of acute GvHD , lower rate of chronic GVHD in haplo vs MUD,
expecially if only patients receiving PBSC were considered

4.   Although results of randomized trials are not available (ongoing phase 3  
NCT02623309 in pts aged 55-70 years without HLA identical sibling), outcome
Haplo is not inferior to mismatched MUD and similar to matched MUD 
in most studies.

5.  Choice of donor should be also based on urgency of transplant, experience of the
center and non HLA donor factors.



without MRD. Although the outcomes for patients with the lowest
amount of MRD (, 0.5% in the current study) were slightly better
than those for patients with higher amounts of MRD, there was no
statistically significant evidence that increasing levels of MRD were
associated with increasing risk of any outcome. It is possible that a
larger cohort study could yield statistically significant outcome
differences between patients with various levels of MFC-quantifiable
residual leukemia. Nonetheless, MRD-positive patients, regardless of

the level of MRD, are more similar to each other than are MRD-
negative patients to MRD-positive patients with the lowest
detectable levels of MRD—an observation that supports our
approach of using the MRD assay detection limit as a threshold to
distinguish MRD-negative patients from MRD-positive patients.

The goal of AML therapy has long been to achieve CR on the
basis of the assumption that patients in CR live longer.21,22 CR
requires both normal blood counts and , 5% marrow blasts by
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Fig 2. Association between pretransplant disease status and outcome for patients with acute myeloid leukemia (AML) after myeloablative hematopoietic cell
transplantation (HCT). Estimates of (A) overall survival, (B) progression-free survival, (C) cumulative incidence of relapse, and (D) cumulative incidence of nonrelapse
mortality (NRM) after myeloablative allogeneic HCT for adults with AML, shown individually for patients in minimal residual disease (MRD) –negative (n = 235) and MRD-
positive (n = 76) morphologic remission as well as those with active AML (n = 48).

334 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Araki et al

MEASURABLE RESIDUAL DISEASE

IMPACT OF PRETANSPLANT MDR+ FLOW TEST ON TRASPLANT OUTCOME

ARAKJ D. ET AL. JCO 2016,329



Clinical value of the measurable residual disease status within the ELN2017 
risk groups in AML patients undergoing allogeneic stem cell transplantation

adverse: 57%). In contrast, the relapse rates for patients transplanted

without detectable MRD prior to HSCT were different for the three

ELN2017 groups increasing from ELN2017 favorable (5.1%) to

ELN2017 intermediate (15%) to ELN2017 adverse (46%), leading to a

significantly lower specificity of MRD detection in the ELN2017

adverse group (0.54) compared to the ELN2017 favorable (0.95,

p < .01) or ELN2017 intermediate group (0.85; p < .01). These data

show that while the chance to experience relapse is high for patients

transplanted with a positive MRD status irrespective of the assigned

ELN2017 risk group, an AML patient transplanted with a negative

MRD status is relatively safe not to relapse, only if assigned to the

ELN2017 favorable or ELN2017 intermediate group. In contrast,

MRD-negative ELN2017 adverse patients have a much higher risk of

experiencing relapse. These findings are supported by the data of a

recent manuscript analyzing the utility of flow-based MRD prior to

HSCT in patients with or without a monosomal karyotype (MKT) – an

entity assigned to the ELN2017 adverse group. Here, MRD-negative

patients harboring a MKT had a relapse risk as high as 46%.2 In this

manuscript the risk stratification by MRD status in patients without a

MKT (3-years CIR 20% for MRD-negative patients vs. 64% for MRD-

positive patients) was improved compared to the high risk population

of patients with a MKT (3-years CIR 46% for MRD-negative patients

vs. 72% for MRD-positive patients).2

Thus, the ability of MRD assessment to identify those patients at

higher risk of relapse after HSCT seems to be reduced in adverse risk

patients, due to a higher “background” risk of relapse, likely because

of a more aggressive genuine AML phenotype.

Since the NPM1 mutation burden at HSCT is relevant only in

the ELN2017 favorable and intermediate group and has a strong

impact in these groups we performed the analyses excluding this

MRD marker. This reduced the number of patients that could be

analyzed, but yielded similar results (see Appendix S1, Figures

S1, S2).

Finally, we also observed a time aspect regarding relapse within

the ELN2017 groups. For MRD-positive patients at HSCT the time

from HSCT to relapse was relatively short and not significantly differ-

ent across the three ELN2017 risk groups (median for the favorable

ELN2017 group 0.57 years; intermediate ELN2017 group 1.3 years;

adverse ELN2017 group 0.24 years; Appendix S1, Figure S3). How-

ever, for MRD-negative patients, the time from HSCT to relapse dif-

fered with a median of 3.6 years in the ELN2017 favorable, of

2.1 years in the ELN2017 intermediate and of 0.5 years in the

ELN2017 adverse group (ELN2017 favorable vs. ELN2017 adverse:

p < .01; ELN2017 intermediate vs. ELN2017 adverse p = .05; Appen-

dix S1, Figure S3). Thus, relapse in AML patients transplanted with

positive MRD is a relatively early event after HSCT, irrespective of

the ELN2017 risk group. In contrast, for patients transplanted with no

detectable MRD, relapse dynamics were different and dependent on

the ELN2017 risk group, with the ELN2017 adverse group experienc-

ing relapses much earlier.

F IGURE 1 Patient outcome according to MRD status and ELN2017 risk. A Percentage of patients suffering relapse according to MRD status
within the different ELN2017 risk groups. B Cumulative incidence of relapse for all patients according to MRD status at HSCT and C for the
ELN2017 favorable group, D for the ELN2017 intermediate group and E for the ELN2017 adverse group
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AGENDA

1) I numeri del Trapianto Allogenico nei Registri, nelle LAM      
2) Indicazioni al trapianto nelle LAM nel 2021
3) Miglioramento della performance dell’ Allo-SCT
4) Le LAM che possono guarire senza il trapianto allogenico



LAM a RISCHIO FAVOREVOLE



192 patients (median age 44) treated with 
curative intent in 11 Italian hematology 

institutions 
from 1987 to 2012

AML t(8;21) (n = 80) AML inv(16) (n = 112) 10-year OS 63.9%



RUOLO ALLO-SCT in 2 RC/CBF





Did new drugs changed the way to 
transplant ???

2020,AZA,mant.



POST-ALLO MAINTENANCE THERAPY



POST-ALLO FLT3 INIBITORI



Frontiers in Immunology, 2021

POST-ALLO MAINTENANCE THERAPY



POST-ALLO DEMETILANTI

Volume 27, Issue 10, October 2021

https://www.sciencedirect.com/science/journal/26666367/27/10


«SAME»    
RESPONSE

?

THE «DEPTH OF RESPONSE» 
ISSUE



Lange T. & Deininger M., NEJM 2003



TAKE HOME MESSAGGE

Numero dei  trapianti eseguiti inferiore all’atteso, ma ruolo ALLO ancora irrinunciabile

Indicazione all’ALLO da ELN e MRD ma «grey zones»

Nuovi farmaci: impatto della diversificazione dell’induzione sulla percentuale e durata della 
risposta (3/7+GO , 3/7 + FLT3-I , CPX, Demet, Demet + Veneto)

L’applicazione del concetto della MRD nelle acute mieloidi è recente,
non siamo ancora in grado di dire quali pazienti MRD negativi non ricadranno (a parte APL )

Sustained MRD neg. post allo à guarigione    Sustained MRD post target therapy ???

Il concetto della piattaforma allogenica

Il miglioramento della profilassi della GVHD e del Survival dovrebbero ridurre l’ attrito verso l’allo:
LA RICADUTA POST TMO RIMANE TUTTORA LA PRINCIPALE CAUSA DI MORTE
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