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Agenda:

- Definizione di MRD

- Le tecniche per 

monitorare l’MRD in 

oncoematologia

- I principali target

- Esempio di 

applicazione di una 

tecnica innovativa



MRD: malattia residua minima o 
malattia residua misurabile

RIFLETTE LA RISPOSTA AL TRATTAMENTO E, 

QUINDI, DIMINUISCE CON IL PROGREDIRE 

DELLA RISPOSTA E AUMENTA IN CASO DI 

RECIDIVA O RESISTENZA AI FARMACI.

RAPPRESENTA UN NUMERO INFINITESIMALE 

DI CELLULE MALIGNE CHE PERMANGONO 

NEL PAZIENTE DICHIARATO IN REMISSIONE 

COMPLETA.

DEVE ESSERE MONITORATA RICERCANDO 

TARGET MALATTIA-SPECIFICI E CON UN 

TIMING BEN DEFINITO PER INTERCETTARE 

ALTERAZIONI E CINETICHE DI INTERESSE 

CLINICO.



MRD MONITORING: caratteristiche

◦ DISPONIBILITA’ DI METODICHE 

ALTAMENTE SENSIBILI

◦ UTILITA’ CLINICA

◦ DISPONIBILITA’ DI MARCATORI 

MOLECOLARI VALIDI E SAGGIABILI 

CON TECNICHE SENSIBILI
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MRD: HOW?
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MRD: CLINICAL END-POINTS
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therapeutic strategy 
assessment

▪ Prognostic factor

▪ Predictive of Relapse



MRD: CLINICAL END-POINTS

▪ Drug sensitivity and grade of response for therapeutic 
strategy assessment
MRD in pazienti con CLL ha acquisito un nuovo 

significato grazie all’efficacia di nuovi trattamenti. 

MRD si basa su citofluorimetria e quantificazione 

molecolare del riarrangiamento specifico



MRD: CLINICAL END-POINTS

▪ Prognostic factor

Monitoraggio della MRD nella LAM 

mediante citofluorimetria. MRD -

quando sono presenti <20 cellule 

anomale. MRD è in grado di predire 

OS e CIR in modo indipendente 

dalla terapia e dall’età dei pazienti. 

Bazinet A. Et al, 

Blood Adv 2023



MRD: CLINICAL END-POINTS

▪ Predictive of Relapse

WT1 è altamente espresso nelle 

cellule staminali e nei precursori. La 

maggior parte dei pazienti con LAM 

presenta un aumentata espressione 

(mRNA) di WT1 quantificato 

mediante tecniche PCR-based.
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Analisi Immunofenotipica

INDICAZIONI 

• SINTOMI CLINICI

• CITOPENIA

• LEUCOCITOSI

• PRESENZA DI CELLULE ATIPICHE/BLASTI

• PATOLOGIE DELLE PLASMACELLULE

• ORGANOMEGALIA O MASSE TISSUTALI

• MONITORAGGIO DELL’MRD



Citofluorimetro: il gating

Le strategie di gating sono 

in continua evoluzione 

grazie all’introduzione di 

target therapy e anticorpi 

specifici o bi-specifici che 

alterano l’espressione degli 

antigeni di superficie e, a 

volte, anche la 

popolazione sana



Immunofenotipi tipici: LAIP

HAIRY CELL LEUKEMIA:

SSC FORTE
CD103+

CD11c+

CD25+

CLL (90% dei casi):

CD5+
CD23+

FMC7-

slgM(+)

aCD22(+) o CD79b(+)

LINFOMA FOLLICOLARE:

CD10+ DEBOLE
CD19+ DEBOLE

DLBCL:

CD10+ 
LIGHT CHAIN (Kappa/Lambda)

MIELOMA:

CD45- 
CD38+-

CD138+

CD56+

CD19-CD20+



Immunofenotipo per MRD: le 

applicazioni



MRD nelle LAM

• Combination of NGF and molecular 

monitoring based on AML-type

• Molecular monitoring is preferred in 

patients with molecularly defined 

group. E.g. APL, CBF-AML, NPM1+

• The use of PB and BM depends on the 

time of MRD monitoring

• The monitoring after 24mo is almost 

patient-specific



◦ The Clonal Hematopoiesis (CH) is a phenomenon featured by the presence of a population of cells 

presenting a mutation that could be related with leukemias (3-10 fold in myeloid and increased in 

lymphoid). 

◦ The cell population presenting the mutation does not present hyper-proliferation or neoplastic 

characteristics.

◦ The patients with CH does not present abnormal cell counting.
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LA CH IN EMATOLOGIA

“Non-AML–related somatic genetic abnormality 

detectable after treatment, which may or may 

not have been detectable in the original 

diagnostic AML sample” Hasserjian et al, Blood 2020



CH-related variants are not good markers for 

MRD monitoring!!

LA CH IN EMATOLOGIA

AML-related genetic abnormalities CH-type genetic abnormalities

• Often occur later in the mutation 

hierarchy; may be the sole detected 

genetic event

• Occur earlier in the mutation 

hierarchy, often at higher VAF in 

comparison to AML-related genetic 

abnormalities

• Reduction in VAF or clearance 

associated with a reduction in the blast 

percentage after therapy

• Often persist in CR, usually at similar 

VAF to the pretherapy disease

• Reappearance of genetic 

abnormality in relapsed disease
• Persistence in relapsed disease

• Presence in CR associated with 

increased risk of relapse

• Presence in CR may not be associated 

with increased risk of relapse

• Eliminated following successful HCT • Eliminated following successful HCT
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CHIP ICUS CCUS MDS

Cytopenia No Yes Yes Yes

Dysplasia (≥10%) in ≥1 

lineages

No No No Yes

Increased blasts (≥5% and 

<20%)

No No No Yes

Somatic mutation Yes No Yes Yes

Cytogenetic abnormality +/− No +/− Yes
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DIAGNOSI DIFFERENZIALE

CHIP: Ematopoiesi clonale con potenziale indeterminato

ICUS: Citopenia ideopatica con significato indeterminato

CCUS: Citopenia clonale con significato indeterminato

CMUS: Monocitosi clonale con significato indeterminato

CCMUS: Citopenia e Monocitosi clonale con significato indeterminato

Not TP53 and MDS 

related



MRD: qualcosa di nuovo...
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MRD nelle LAM: NGS come supporto
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MRD nel cHL: LB come innovazione



◦ Philadelphia+ Chronic Myeloid Leukemia (Ph+ CML) is an hematologic malignancy arising from the chromosomal 

alteration t(9;22).

◦ The fusion gene BCR-ABL1 is generated by this translocation and it is the hallmark of Ph+ CML.

CHRONIC MYELOID LEUKEMIA:
BACKGROUND



BCR-ABL1



◦ Tyrosine-kinase inhibitors (TKIs) molecules selectively targeted against BCR-ABL1 protein have been developed about 20 

YEARS AGO.

◦ TKIs transformed Ph+ CML to a real chronic disease.

◦ The key goal of the TKIs treatment is to achieve a Minimal Residual Disease so low that CML may be clinically “cured”.

Ph+ CML THERAPY

1 MONTH 

OF THERAPY

6 MONTHS 

OF THERAPY
12 MONTHS 

OF THERAPY



Ph+ CML MONITORING

…MIGHT THEY BE REALLY CURED?

Baccarani et al, 2006

THE AVAILABILITY OF POWERFUL 

NEW GENERATION TKIs 

INCREASED THE ACHIEVEMENT 

OF DURABLE UNDETECTABLE 

DMR IN MANY PATIENTS.



STIM study, Mahon et al, 2010

THE TREAMENT FREE REMISSION (TFR)

Patients with ≥ 12 months follow-up 

(n = 69)

DEFINITION OF MOLECULAR RELAPSE: 
loss of DMR or 1Log increased BLR-

ABL1 transcript ratio for 2 consecutive 

quantification

TKI discontinuation has been 

conventionally conducted IN THE 

REAL LIFE for about 3 years

TKI discontinuation IS NOT A TOTALLY 

SAFE POLICY



Kockerols et al, 2020

NEW TOOLS FOR THE MRD: THE DIGITAL PCR

- Increased accuracy and 

precision

- Absolute quantification

- Reduced effect of PCR 

inhibitors

- Potentially improved sensitivity



BCR-ABL1 ABSOLUTE QUANTIFICATION

SAMPLE 

PREPARATION
DILUITION AT 

50ng/ml

PARTITIONS 

by DROPLETS 

or CHIPS

REACTION OF 

AMPLIFICATION
DATA

ANALYSIS



No external references

< dependence from amplification efficiency

Higher accuracy

QUANTIFICATION by dPCR



7879/20459

CML PATIENTS MONITORING BY dPCR

ONGOING TREATMENT BY TKI
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BCR-ABL1 QUANTIFIABLE by both 

CHIP- and DROPLET-BASED dPCR



INDIVIDUAL PATIENT DATA META-ANALYSIS: 
PRELIMINARY RESULTS

   

   

   

   

Kockerols C. et al, in submission



dPCR ONLY FOR CML?

DISEASE TARGET

ALL IgH; BCR-ABL1

HCL B-RAF

CLL TP53; NOTCH1

WM MYD88

HL STAT6

FL EZH2; BCL2/JH

MCL BCL1/JH

MM IgH
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THANK YOU…
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