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• 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”.
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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
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IS DIGITAL PCR SUITABLE FOR THE 

IDENTIFICATION OF CML PATIENTS WHO 

MAY SUCCESSFULLY ATTEMPT AN EARLY 

TKI DISCONTINUATION?



0,468 BCR-ABL1 copies/ul = 6 copies of transcript 

(spec.= 71%, sens.= 78%, AUC=0,79)

Bernardi S. et al, J Mol Biom Diag, 2017

NEW CUT-OFF



Bernardi S. et al, 2019

BCR-ABL1 QUANTIFIED by digital PCR QS3D



BCR-ABL1 QUANTIFIABLE by both 

CHIP- and DROPLET-BASED dPCR



META-ANALYSIS: 

the DESIGN by PRISMA-IPD guideline

1. Eligibility criteria: Adult CP-CML patients who 

discontinued TKI therapy, with a prior BCR-ABL1 digital 

PCR assessment

2. Identifying studies: Five published and one unpublished 

cohort

3. Collecting and pooling patient-level data  

Digital PCR result dichotomized

4. Data-analysis: one-stage approach correcting for 

study heterogeneity including a frailty term in regression 

models

Total patient number: 483 



INDIVIDUAL PATIENT DATA META-ANALYSIS: 
PRELIMINARY RESULTS

   

   

   

   

Kockerols C. et al, in submission



The STANDARDIZATION

First study about the interlaboratory standardization 

of BCR-ABL1 transcript quantification by dPCR:
- chip-based and droplet-based platforms present 

compatible results
- An alignment factor is computable and helps in 

the improvement of the quantifications’ 

comparability
- It opens to further studies for international 

standardization, considering also additional 
platforms



Small EXTRACELLULAR VESICLES (sEVs)

sEVs in Ph+ CML:

• LEUKEMIC CELLS PROLIFERATION

• PRO-LEUKEMIC MICROENVIRONMENT

• ANGIOGENESIS

What about BCR-ABL1+ sEVs?

BCR-ABL1+ vesicles



BCR-ABL1+  sEVs: PRELIMINARY DATA

Confidential



CONCLUSIONS

• MRD monitoring in Ph+ CML patients MUST BE IMPROVED

• dPCR IS A VALUABLE TOOL FOR MRD MONITORING IN ADULT PATIENTS AFFECTED BY Ph+ CML

• dPCR HELPS IN THE SELECTION OF PATIENTS FOR TERAPY DISCONTINUATION

• dPCR STANDARDIZATION IS POSSIBLE AND OPENS TO A WIDE CLINICAL APPLICATION

• WOULD NEW BIOLOGICAL MATRIXES IMPROVE THE DETECTION OF BCR-ABL1+ LEUKEMIC CELLS?


