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Methods for Minimal Residual Disease
analysis in ALL

Irene Della Starza

Minimal Residual Disease
MRD=% leukaemic cells among normal lymphocytes
defined also as any approach - including cytogenetics, flow cytometry, PCR-based tools
and high-trough output sequencing methods - aimed at detecting and
possibly quantifying residual tumor cells.
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Molecular response in ALL assessed by techniques with high sensitivity and standardized, is highly predictive of relapse, helps
identify patients who may benefit from experimental therapeutic strategies. The type of therapeutic protocol, the timing of the
samples of follow-up, and the molecular technique applied could affect the definition of the risk groups. Therefore, precise
levels of MRD threshold for the allocation of risk groups must be carefully defined for each treatment protocol.

MRD analysis by Flow cytometry
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MRD analysis by PCR-based methods
MRD analysis by PCR-based methods investigates the persistence of residual tumor cells through
the amplification of a tumor-specific molecular marker. This consists of a DNA sequence that is
ideally always detectable in tumor cells and always absent in normal cells. From these sequences,
primers and probes are designed and used for qualitative or quantitative PCR.

Detection strategies used for PCR-based MRD
PCR

Qualitative strategies have optimal sensitivity (in the order
of 10–5), can be performed using affordable amplification
devices and proved highly informative in different clinical
contexts.

RQ-PCR

RQ-PCR assays have a sensitivity close to 10–5 and
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assessment in hematological malignancies and its use
has become widespread in the context of large clinical
trials.
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Ig/TCR Gene Rearrangements
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LAL-pediatriche

 Most of these changes have a
profound effect on the control
mechanisms of the processes of
proliferation,
differentiation,
maturation and survival of bone
marrow hematopoietic progenitors.
About 90% of ALL in the pediatric
age reveals clonal chromosome
abnormalities, 50% of these are
represented by translocations
LAL dell’adulto

IgH
▪14q32
The rearrangement of the genes coding for
the
heavy chain of the Ig has been found in
Igk
2p11
90-95%
of ALL B, while the rearrangement of
the genes coding for the TCR was detected
Igλ
in
95% of ALL T and in 50-70% of ALL B.
22q11

▪ Since such recombinations have a clonal
14q11
origin, the analysis of the configuration of
the
Ig
and
TCR
gene
can
be
used
to
evaluate
TCR β
7q34 persistence of malignant clones whose
the
rearrangements were determined at the time
TCR ɣ
of diagnosis.

TCR α/δ

7p15

Methods
1

Consensus/ specific probe
derived from FR3
primer 5’
primer 3’
R
Q
patient
patient
specific
specific
L

FR1

CDR1 FR2

CDR2 FR3

CDR3 FR4

CGCAAGGGATGTTTATACTCATACACCCAGGAGG
TGGAGCTGGATATTGAGACTGCAAAATCTAATTG
AAAATGATTCTGGGGTCTATTACTGTGCCACCTG
GGACTTACCCCATTAACGGGTTGGTTCAAGATAT
TTGCTGAAGGGACTAAGCTCATAGTAACTTCACC
TGGTAAGTAACTTTTCTTTCTGTTTTT

2

3

4

5

RQ-PCR: MRD monitoring
MRD analysis
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• Quantitative range
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• Positive not quantifiable
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van der Velden et al. Analysis of minimal residual disease by Ig/TCR gene
rearrangements: Guidelines for interpretation of real-time quantitative PCR data.
Leukemia 2007

ESLHO: European Scientific Foundation of Laboratory Hemato Oncology

The objectives of the ESLHO are:
1. To promote the continuous innovation and standardization of laboratory
diagnostics focused on lymphoid malignancies;
2. Quality control and education of laboratory diagnostics focused on
lymphoid malignancies.

The EuroMRD Consortium was founded in 2001 (formerly known as the European Study Group on
detection of MRD in ALL; ESG-MRD-ALL) and consists of more than 60 laboratories MRD molecularly
oriented, present in 23 countries in Europe, Israel, Singapore, Japan, Australia, USA and South America.
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The EuroMRD Consortium was founded in 2001 (formerly known as the European Study Group on
detection of MRD in ALL; ESG-MRD-ALL) and consists of more than 60 laboratories MRD molecularly
oriented, present in 23 countries in Europe, Israel, Singapore, Japan, Australia, USA and South America.
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There is no the need to
reference standard



High precision



Access to targets even at low
concentrations



High resistance to inhibitors



High
accuracy
in
the
evaluation of targets at low
concentrations in a complex
background

Negative droplet

 Each droplet is plotted on the graph of fluorescence
3-STEP: Fluorescence data detection.

intensity versus droplet number. The concentration is
calculated on the fraction of empty droplets that are the
fraction that does not contain any target DNA by software.
Fraction of positive droplets is fitted to a Poisson algorithm
to determine absolute copy number, results are presented in
copies per μL.
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NGS
Advantages
 Higher sensitivity
 Better specificity
 Access to targets even at low
concentrations
 Additional information (repertoire)

Applications
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are used for MRD monitoring:
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No standardized: no guidelinees for
analysis and data interpretation
Available in few labs
Discrimination from normal clonal
background
Need of a bioinformatic analysis
Expensive

Concluding
 MRD is the most powerful prognostic factor in pediatric and adult ALL.
 Currently, Flow cytometry and RQ-PCR analysis represent the gold standard methods
for MRD assessment and risk-based stratification of front-line treatment.
 The new methods can become important tools for MRD analysis, with the potential to
overcome some limitations of conventional ones.
 Standardization, quality control and validation of these new technology are warranted
prior to its incorporation into routine practice.
 This will greatly contribute to the better understand of treatment effectiveness and side
effects of novel therapies.
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