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MY AGENDA

• Minimal residual disease ( MRD)

üAcute myeloid leukemia ( AML)

ü Acute lymphoblastic leukemia ( ALL)

• CNS involvement



Saygin C et al., Haematologica 2022



Association of MRD with survival outcomes in patients with AML

• Systematic review and meta-analysis of 81 publications reporting on 11’151 patients

• Estimated 5-year DFS was 64% for patients MRDNEG and 25% for those MRDPOS

• Estimated OS was 68% for patients MRDNEG and 34% for those MRDPOS

• The difference of 5-year survival of the MRDNEG and MRDPOS groups was 15.4 months for OS and 19.6 months for DFS.

Short N, et al. JAMA Oncology. 2020



“Initial risk assignment may change 
during the treatment course based on 

the results from analyses of 
measurable residual disease”



• The points discussed below are relevant to intensive approaches (induction chemotherapy) but have not been validated for 
other modalities of treatment.

• For patients with favorable-risk disease, if MRD is persistently positive after induction and/or consolidation, consider a 
clinical trial or alternative therapies, including allogeneic HCT.

• Timing of MRD assessment: Upon completion of initial induction.4-6 Before allogeneic HCT.8 Additional time points should be 
guided by the regimen used.2,3

• The most frequently employed methods for MRD assessment include real-time quantitative PCR (RQ-PCR) assays (ie, NPM1,2

CBFB::MYH11, RUNX1::RUNX1T13) and multicolor flow cytometry (MFC) assays specifically designed to detect abnormal MRD 
immunophenotypes.1

• The threshold to define MRD+ and MRD- samples depends on the technique and subgroup of AML. NGS–based assays to detect 
mutated genes (targeted sequencing, 20–50 genes per panel)4,5 is not routinely used, as the sensitivity of PCR-based assays 
and flow cytometry is superior to what is achieved by conventional NGS. Mutations associated with clonal hematopoiesis of 
indeterminate potential (CHIP) and aging (ie, DNMT3A, TET2, potentially ASXL1) are also not considered reliable markers for 
MRD.4-6

• Based on the techniques, the optimal sample for MRD assessment is either peripheral blood (NPM1 PCR-based techniques) or 
an early, dedicated pull of the BM aspirate (ie, other PCR, flow cytometry, NGS). The quality of the sample is of paramount 
importance to have reliable evaluation.

• MRD positivity is not proof of relapse. However, a persistently positive MRD result after induction, which depends on the 
technique used and the study, is associated with an increased risk of relapse.



Heterogeneity of AML through clonal evolution

Wienecke et al. Blood 2024



• MRD monitoring by TR-qPCR has been restricted to AML subtypes characterized
by gene fusions resulting from translocations/inversions or by hot spot mutations
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Speaker’s opinion



Post-Induction NPM1 MRD Predicts Relapse and Death



Aberrancies detection by flow

MRD identical to the 
leukemic phenotype 

at diagnosis

Highly dependent on 
individually selected 

antibody combination 

Cross-lineage 
expression

Asynchronous 
expression

Lack/overexpression

Heuser M et al., Blood 2021

DIAGNOSIS Post-CYCLE 2



Aberrancies detection by flow

Heuser M et al., Blood 2021

• Harmonized panel of antibodies for all 
specimens and distinguishes abnormal 
residual leukemic cells from normal ones with 
established immunophenotypic profiles, 

• Does not require knowledge of the 
phenotype at diagnosis for the MRD 
detection

• Phenotypical abnormalities associated with 
CHIP*

CD15 FITC HLA-DR PB

CD34 APCCD33 PE

*Jevremovic, American J Clin Patol 2022; W Kern et al, Cytometry Part B 
Clinical Cytometry  2023



Choosing the right MRD assay

Modified from Heuser et al. Blood. 2021



• t(8;21)(q22;q22.1)/RUNX1::RUNX1T1
• inv(16)(p13.1q22) or t(16;16)(p13.1;q22)/CBFB-MYH11
• Mutated NPM1 without FLT3-ITD
• bZIP in-frame mutated CEBPA

• Mutated NPM1 with FLT3-ITD
• Wild-type NPM1 with FLT3-ITD
• t(9;11)(p21.3;q23.3)/MLLT3::KMT2A
• Cytogenetic and/or molecular abnormalities not classified as 

favorable or adverse

• t(6;9)(p23;q34.1)/DEK::NUP214
• t(v;11q23.3)/KMT2A-rearranged
• t(9;22)(q34.1;q11.2)/BCR::ABL1
• t(8;16)(p11;p13)/KAT6A::CREBBP
• inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2)/GATA2, 

MECOM(EVI1)
• t(3q26.2;v)/MECOM(EVI1)-rearranged
• -5 or del(5q); -7; -17/abn(17p)
• Complex karyotype, monosomal karyotype
• Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, 

U2AF1, or ZRSR2
• Mutated TP53

Favorable

Intermediate

Adverse

ELN2022 clinical recommendations for AML treatment
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Saygin C et al., Haematologica 2022
Saygin C et al., Haematologica 2022



MRD by MFC in Intermediate-risk patients
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Modified from Buccisano F, et al. Blood. 2010. Venditti et al. Blood 2019;134:935-945

Retrospective in house observation
“donor vs. no donor”

GIMEMA AML1310 protocol
“transplant vs. no transplant"





Early Achievement of Deep MRD Negativity IN B-Cell ALL



Preliminary Results of Pethema LAL19 Trial

Torrent A et al, Abs 962



Results of the Randomized GMALL Trial 08/2013

Goekbuget N et al, Abs 961



Results of the Randomized GMALL Trial 08/2013

• HR T- ALL according II randomisation HR B- ALL according II randomisation

Goekbuget N et al, Abs 961



Cario G et al, Abs 730

Cario G et al, Abs 730

#730, Results in Pediatric T-ALL Patients Treated in Trial 
AIEOP-BFM ALL 2009: Exploring Prognostic Factors in the 
Context of Modern Risk Adapted Therapy

# 731 Determinants of Isolated CNS Relapse in Adults with 
Ph-Negative ALL  from Graall-2005 to -2014 Trials

Boissel N et al, Abs 731

• Implications for GRAALL-2024

ü Reinstate prophylactic cranial RT
ü Avoid cranial boost for patients eligible to HSCT post TBI

• Opportunity for more tailored strategies?

CNS involvement



CSF with lymphoblasts and red blood 
cells due to traumatic lumbar
puncture (ie, at least ten red blood cells 
per μL of CSF) at diagnosis

Cytocentrifuged CSF containing five or
more white blood cells per
μL with blasts

Conventional Cytology of CSF



MFC and CC for detection of leukemic cells in CSF

STUDY Disease N°

N°of MoAb

MFC+ CC+ MFC+CC+ MFC+CC- MFC-CC+

Nückel et al.2006 (25) HM 45 3 12(26%) 12(26%) 12(26%) 3(7%) 3(7%)

Di Noto et al. 2008(21) NHL 42 6 11(26%) 4(9%) 4(9%) 7(16%) 0

Quijano et al.2009 (22) NHL 123 6 27(22%) 7(6%) 7(6%) 17(14%) 1(1%)

Benevolo et al. 2012(23) NHL 174 3-4 18(10%) 7(4%) 7(4%) 11(6%) 0

Martínez-Laperche et al. 2013(44) ALL 108
6

30(28%)) 3(3%) 3(3%) 27(25%) 0

Wilson et al. 2014 (24) 246 DLBCL, 80 BL 326
3-8

55(17%) 16(5%) 13(4%) 42(13%) 3(1%)

Mitri et al. 2014 (30) ALL 80
4

1/66*(1.5%) 1(1,2%) 1 0 0

Ranta et al.2015 (41) Children ALL 214
4-8

37(17%) 21(9%) 20(9%) 17(7%) 1(0,4%)

Del Principe et al. 2014 (33) adult ALL/LL 38 6-8 14(24%) 5(13%) 5 9 0

Del Principe et al. 2018 (32) AML 95 6-8 33(34%) 11(11%) 11(10%) 21(22%) 0

Gong et al. 2018 (57) adult ALL 357 8 41(11%) 15(4.2%) 15(4.2%) 26(7.3%) 0
Popov et al. 2019 (29) children ALL 155 6 58(37%) 28(18%) 28(18%) 32(20%) 0

Del Principe et al.2019 (34) adult ALL 240 6-8 61(25%) 18(7%) 18(7%) 43(18%) 0

Thastrup et al.2020 (35) children ALL 673 8-9 171(25%) 90(13%) 195(29%) n.d. 24(3%)
Shalabi et al. 2020 (31) ALL 352 8 59(6%) 25(6.5%) 34(9.7%) 0

Del Principe MI et al. Cytometry B Clin Cytom. 2021 ;100(3):269-281

HM, hematologic malignancies; NHL, non Hodgkin Lymphoma; ALL, acute lymphoblastic leukemia; DLBCL, Diffuse Large B cell Lymphoma, BL, Burkitt lymphoma



Correlation between CNS status and outcome. A CAMPUS ALL study

Disease free survival Overall survival

Del Principe et al. Haematologica. 2021;106(1):39-45.



MFC detection of leukemic blasts in CSF predicts risk of relapse in childhood ALL:
a Nordic Society of Pediatric Hematology and Oncology study

Thastrup M Leukemia. 2020 Oct;34(10):2822.



Technical Pitfalls of MFC

1)Low cellularity

2) Rapid decline of leucocytes count upon lumbar puncture

3) Blood contamination



ESCCA/ISCCA recommendations for the analysis of cerebrospinal fluid by 
MFC in HM

• Fare clic per modificare gli stili del testo dello schema
• Secondo livello

• Terzo livello
• Quarto livello

• Quinto livello

Issue Recommendation

Scarce Cell Events in CSF Acquisition of at least 1000 total events recommended 

Even if a few clustered events with suggestive phenotype can be considered diagnostic

Time of Processing and Transport The CSF sample should be processed within 60 minutes from harvesting or stored in Transfix 
tubes

Threshold At least 10 phenotypically abnormal events to consider the sample as positive

Blood contamination Simultaneous PB sample required to exclude blood contamination

Presence of blasts in CSF should be always reported even if blood contamination is suspected

Panels 8 or more color panels should be preferred to characterize all events present in the sample

Interpretation of MFC findings To avoid inaccurate reporting, on routine practice, analysis should be restricted to patient with 
known HM or, when diagnosis is not known, to samples with more than 5 cells/ µL

Del Principe MI et al. Cytometry B Clin Cytom. 2021 ;100(3):269-281



Central nervous system involvement in childhood ALL : challenges and solutions
BETTER BIOMARKERS

Thastrup M et al. Leukemia. 2022.36:2751 – 2768



Central nervous system involvement in childhood ALL : challenges and 
solutions
BETTER DRUGS

Thastrup M et al. Leukemia. 2022.36:2751 – 2768



CONCLUSIONS: where are we in 2025?

ü Comprehensive determination of pre-treatment (karyotype, genetics) and post treatment 
(MRD) refines prognosis 

MRD is a biomarker that identifies patients with different outcome at various time-points within homogeneous 
biological subgroups

ü MFC and RT-qPCR are the techniques of choice
High technical standard requirement
Complementary application (according to specific transcript or phenotypic array)
High-throughput techniques under validation process

ü Optimizing treatment of the CNS remains a challenge in ALL
Some biomarkers, such as CSF-flow cytometry, are now being tested in prospective trials. 
Novel drugs are also being tested in Phase I/II trials, although wider access for iCNS relapse patients is needed.
The future is hopeful for improved management of the CNS over the next decade.
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