
  Measurable Residual Disease in Acute 
Leukemia: Where We Are and Where We Are 

Going?



• Changing the cutoff from C to A:
• All diseased persons will have a positive test, and the sensitivity will be 

100%. 

• Increased sensitivity is associated with decreased specificity, and the 
(FPs) increases.

• Changing the cutoff from C to E:
• All non-diseased persons will have a negative test, and the specificity

will be 100%.

• Accompanied by concomitant decreased sensitivity and additional FN
results.



MRD Modalities(AML)



MRD Modalities(ALL)
.
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 Mass cytometry time of flight (CyTOF) :

• Labeling antibodies with heavy metal isotopes instead of
fluorochrome.

• Evaluating samples using time-of-flight mass spectrometry .

• CyTOF allows a larger number of parameters (greater than 40)
to be evaluated and eliminates much of the “background noise”
which can be a problem in high sensitivity MFC assays.

• It may allow for earlier assessment of MRD and a personalized
optimization of therapy.

• Need for complex analytical tools, lack of validation in large
clinical trials and expense.



Case Presentation



• An 7-year-old child presented with a 2-week history headache
and weight loss.

• Physical examination:
• Cervical lymphadenopathy

• Hepatosplenomegaly.

• Laboratory tests:

• WBC: 23000/ul.

• Hb level of 6.5 g/dL

• Platelet:53000/uL.

• PB smear showed granulocytic hyperplasia and 25% blasts.



• RT-PCR :
• BCR/ABL rearrangement (p210).

• Immunophenotyping on peripheral blood:
• 25% blasts

• Diagnosed as AML with aberrant expression of CD19 .

• Cerebrospinal fluid analysis was negative for leukemic involvement.

• She was treated with AML-BFM protocol and achieved remission 
following AML induction chemotherapy.



Immunophenotyping: (DX)



Harmonization and standardization

•CD45

• CD34
• CyMPO 

• CD19

• CyCD79a

• CD7

• SmCD3

• CyCD3

B cells Marker: CD22, CD10, CD20 and TdT 

T cells Marker: CD1a, CD2, CD4, CD5, CD8, CD10, 
and TdT 



Flow-Cytometric Monitoring of Minimal Residual 
Disease

Dx: 20/1/1398
Flow MRD: 15/4/1398
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How to report MRD

• The minimum number of cells needed for accurate reporting of MRD 

• AML: at least 500 000 to 1 million (0.1%)

• ALL:  at least 5 million (0.01%)

• Elements in an MRD report should contain the following 
parameters:

• Absolute numbers of LAIP cells and WBCs

• Threshold level

• Quality of the sample

• viability,

• insufficient regeneration

• and PB contamination

• LLOD

• LLOQ



Standardization of MFC



There are still ~25% of patients who relapse despite achieving
MRD negativity:

• Technical:
• Lack of standardization of assays between laboratories:

• Differing surface markers used 

• Varying levels used to define positivity and negativity

• Inherent need for a subjective interpretive component

• Biological:
• Presence of LSCs which are undetectable by routine methods.

• ELN recommends the inclusion of a tube to determine residual 
LSCs in MFC MRD analysis.



Technical



Biological



Qualitative BCR/ABL assay(MRD)

Dx: 20/1/1398
Mol MRD: 15/4/1398



Quantitative BCR/ABL assay(MRD)

Dx: 20/1/1398
Mol MRD: 15/4/1398



Standardization of Quantitative 
Polymerase Chain Reaction(qPCR)





Standardization of  Next Generation 
Sequencing (NGS)





MRD Time Point 











• She received Imatinib (400mg) prior to allogeneic HSCT
therapy

• Six months later (December, 2019) , she underwent allo-
HCT from her fully HLA-matched 19 year-old brother after
BuCy conditioning.

• At the time of HSCT normalized copy number of BCR-ABL
was undetectable

• Engraftment was confirmed by chimeric exam and patient
remained in CR after transplantation with controlled
chronic graft versus host disease (cGvHD), that responded
to low-dose steroids, and immunosuppressive medications
were discontinued 10 months after transplant.



STR technique showed complete donor chimera



A significant increase in BCR-ABL level with full 
chimerism

Significant increase in the amount of BCR/ABL was detected, and in the subsequent
monitoring, this increase continued by more than 1 logarithm and reached 1%. BM aspirate
by flow < 1% blast and cytogenetic study showed all 10 metaphases had a normal male
karyotype

11 months after HSCT 



• To confirm imatinib resistance :

• BCR/ABL kinase domain mutation analysis was performed by carrying 
out reverse-transcriptase PCR and direct sequencing.

• Heterozygote missense mutation at the 253th nucleotide, with a
substitution of tyrosine to histidine mutation at [Y253H].

• Imatinib was immediately changed to dasatinib

• Dasatinib was immediately started, and the patient's follow-
up BCR/ABL evaluation revealed a dramatic decrease .



A significant increase in BCR-ABL level after 
Dasatinib treatment

Eighteen months after Dasatinib, a significant change in BCR-ABL level was detected.

Starting Dasatinib



CD34 CD19/CD22

Flow MRD :3.12.1401



CD22/CD19

CD10/CD19

CD117/CD19

CD113/CD19 CD117/CD33

CD34

Flow MRD :3.12.1401





• At her last follow-up(Feb 2023):

• MRD by 8 color MFC:
• PB : 0.1%
• BM showed: 2% (MPAL)

• Chimerism Analysis by STR:
• BM : 99%

• Chimerism Analysis by FISH:
• BM: 99.6

• MRD evaluation by BCR/ABL quantitation: 
• BM:28%



What's your interpretation? 



Donor cell leukemia (DCL)

• Donor cell leukemia (DCL) is a very rare event. Although Boyd et 
al. suggested that DCL accounted for approximately 5% of 
relapses on the basis of cytogenetic studies of 54 relapses in sex-
mismatched bone marrow transplants

• n an EBMT survey, the occurrence rate is reported as 14 cases in 
10,489 transplants (0.13%)between 1982 and 2003 

• Several hypotheses have been offered to date to explain how DCL 
might arise: 

• occult leukemia in the donor 

• transfer of oncogenic material from host to donor cells 

• impaired immune surveillance

• incorrect identification of origin of leukemic cells, 

• leukemic transformation of engrafted bone marrow cells



Possible modes of leukemia development in donor cell 
leukemia



Cases reported with the time of occurrence 
of DCL after HSCT 



The latent period of occurrence of DCL after 
HSCT



Detection methods for the DCL diagnosis 
and proofs of donor origin

• Gold standard for chimerism analysis especially for
the verification of DCL(recommended by EBMT):

• STR 
• FISH(sex mismatch only)



46,XX,del(7)(q11.2q32),

del(20)(q11.2q13.1)
46,XY,t(8;21)(q22;q22)[2], 45,sl,-Y

[7], 46,sl,del(9)(q13q22)[2], 46,XY[10]

46,XX
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MRD Lab Validation
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THANKS!

Any questions?





Schematic illustration of key differences between 
“Typical ALL” and “CML-like” disease

CML-like disease should be based on the proof of BCR::ABL1 fusion in myeloid 

or stem cell compartment



Schematic illustration of key differences between “Typical ALL” 
and “CML-like” disease


