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AGENDA OF THE MEETING  
Introduc)on	–	Karen	

•  Evolu&on	of	the	CML	treatment,	and	the	fact	that	deep	molecular	
responses	are	becoming	the	goal	of	current	treatments:	what	
molecular	monitoring	is	and	its	ra&onal	?	

	
Part	1:	Molecular	Monitoring	in	CML	at	Unilab	Lg	in	prac)ce	

1.  How	is	quan&ta&ve	PCR	monitoring	of	BCR-ABL	mRNA	
performed	?	

2.  How	is	%	IS	BCR-ABL	calculated	and	why	the	number	of	
Housekeeping	gene	transcripts	is	so	important	?	

3.  Interac&ve	discussion	on	the	lab	report(s)	
4.  Difference	between	accredited	lab	and	standardized	lab	
5.  Explana&on	of	the	Belgian	Standardiza&on	Project	
	

Part	2:	Monitor	the	Milestones:	clinical	implica)ons	–	Karen	
	

•  The	importance	and	prognos&c	value	of	EMR,	MMR,	MR4.5	and	
why	it’s	so	important	for	the	future	if	pa&ents	want	to	stop	TKI	
therapy	
	



1.  HOW IS BCR-ABL1 mRNA MOLECULAR 
MONITORING PERFORMED AT UNILAB LG IN 
PRACTICE ? 

« MR3 » 

Temps de livraison (rêvé): 2 H  



The	journey	from	the	consulta8on	of	the	pa8ent	
un8l	the	lab	report	 

Signalétique patient 
Diagnostic – thérapie 
Prélèvement – conditionnement (tube) 
Délais d’acheminement 



The	journey	from	the	consulta)on	of	the	pa)ent	un)l	
the	lab	report 

? 

? 

ARN ADNc 

Σ n=16 

Temps de livraison moyen (2015): 16,11j (médian; 14)  

DMI LIS DMI LIS LIS 

< 16H X jours 1-2 jours 

1H 30 min 2H 1h30 min 



The	journey	from	the	consulta8on	of	the	pa8ent	
un8l	the	lab	report	 



PCR quantitative BCR-ABL1: quels 
renseignements cliniques transmettre au labo ? 

Ceux qui sont indispensables à l’interprétation et la 
représentation graphique optimales des résultats quantifiés sur 

l’échelle internationale (I.S scale) 



GUIDANCE ON THE DATA FIELDS THAT SHOULD 
BE INCLUDED IN THE CLINICAL REPORT  

BCR-ABL Report Optimization Guidance

Clear and concise reporting assists physicians in clinical decision making 

MODULE 5
Guidance on the data fields that should be included in the clinical report

Report Field Implementation Guidance

Current Diagnosis This field gives clinical context to the result and can be one of three options;
1. CML Chronic Phase
2. CML Accelerated Phase 
3. CML Blast Phase

Importantly, only a diagnosis of CML with a p210 transcripts can be reported on the IS.

Date of Current 
Diagnosis

This field allows key milestones to be observed.

This field is commonly excluded from clinical reports.

Clinical Details This is the patient’s clinical details as provided on the test request form by the referring physician giving 
clinical information to the laboratory to aid in the interpretation of the result.  
Example: Patient not tolerating therapy. Query: progression?

This field is commonly excluded from clinical reports.

Current Therapy  
Start Date

This vital piece of information is very often not included in clinical reports. Without this information 
interpretation of the ELN recommendations cannot be achieved.

Current Therapy This is the patient’s therapy regime at the time this sample was taken. Options are:
 Imatinib 
 Nilotinib 
 Dasatinib
 Ponatinib 
 Bosutinib
 Not currently using TKI therapy
 Other

%BCR-ABL/CGx100 The raw BCR-ABL to control gene ratio expressed as percentage, which is then aligned to the International 
Scale with use of a conversion factor.

BCR-ABL Copy Number The number of BCR-ABL1 molecules detected in the sample, the International Scale is only valid for major 
transcripts (e14a2 and 13a2).

Control Gene (CG) 
Used

This is the gene that is used to normalize the BCR-ABL result. This information is required in order to 
interpret the control gene copy number, particularly important when BCR-ABL is undetectable. Options 
include:

 GUSB
 ABL1
 BCR
 G6PDH
 B2M

Methodology used This information provides the ordering physician context for the interpretation of the result. The description 
of the protocol used to perform the test should be informative but concise.  
Example: Qiagen IS MMR Fusion Quant RQ-PCR performed on mRNA.

Excessive detail should be avoided. 

+ TKI initiation 
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LES DONNÉES CLINIQUES A PRÉSENTER DANS LE 
RAPPORT: 

BCR-ABL Report Optimization Guidance

Clear and concise reporting assists physicians in clinical decision making 

MODULE 5
Guidance on the data fields that should be included in the clinical report

Report Field Implementation Guidance

Current Diagnosis This field gives clinical context to the result and can be one of three options;
1. CML Chronic Phase
2. CML Accelerated Phase 
3. CML Blast Phase

Importantly, only a diagnosis of CML with a p210 transcripts can be reported on the IS.

Date of Current 
Diagnosis

This field allows key milestones to be observed.

This field is commonly excluded from clinical reports.

Clinical Details This is the patient’s clinical details as provided on the test request form by the referring physician giving 
clinical information to the laboratory to aid in the interpretation of the result.  
Example: Patient not tolerating therapy. Query: progression?

This field is commonly excluded from clinical reports.

Current Therapy  
Start Date

This vital piece of information is very often not included in clinical reports. Without this information 
interpretation of the ELN recommendations cannot be achieved.

Current Therapy This is the patient’s therapy regime at the time this sample was taken. Options are:
 Imatinib 
 Nilotinib 
 Dasatinib
 Ponatinib 
 Bosutinib
 Not currently using TKI therapy
 Other

%BCR-ABL/CGx100 The raw BCR-ABL to control gene ratio expressed as percentage, which is then aligned to the International 
Scale with use of a conversion factor.

BCR-ABL Copy Number The number of BCR-ABL1 molecules detected in the sample, the International Scale is only valid for major 
transcripts (e14a2 and 13a2).

Control Gene (CG) 
Used

This is the gene that is used to normalize the BCR-ABL result. This information is required in order to 
interpret the control gene copy number, particularly important when BCR-ABL is undetectable. Options 
include:

 GUSB
 ABL1
 BCR
 G6PDH
 B2M

Methodology used This information provides the ordering physician context for the interpretation of the result. The description 
of the protocol used to perform the test should be informative but concise.  
Example: Qiagen IS MMR Fusion Quant RQ-PCR performed on mRNA.

Excessive detail should be avoided. 





We summarized the NCCN, version 1.2013, guidelines
regarding BCR-ABL1 monitoring schedules in Table 1. At
diagnosis before treatment, a baseline BM cytogenetics anal-
ysis and a PB RT-qPCR are recommended to identify the Ph
chromosome and detectable BCR-ABL1 fusion transcript to
confirm a diagnosis of CML.12,28 If a BM specimen is not
obtainable, an FISH performed on PB is acceptable. During the
course of TKI treatment, BM cytogenetics should be obtained
at 3, 12, and 18 months to confirm the reduction in Phþ cells.
RT-qPCR is recommended every 3 months before CCyR and
every 3 to 6 months once CCyR is achieved.30 FISH is not
recommended during this stage ofmonitoring unlessRT-qPCR
is not available. Good responders to the TKI are expected to
achieve the molecular response milestones at 6, 12, and 18
months; these milestones are associated with better long-term
survival and freedom from progression, as defined by the
clinical trials (previously described).

At any point during therapy, a failure to respond to a TKI
is manifested by increasing BCR-ABL1 levels. Patients with
a "1-log increase in their BCR-ABL1 should first be
checked for compliance. After noncompliance is excluded,
in those patients with an MMR, a repeat RT-qPCR should
be conducted to confirm the increasing transcript level.
Repeat confirmation is needed because, at levels lower than
an MMR, technical variation may cause a false increase. In
patients without an MMR, a "1-log increase should prompt
a BM cytogenetics evaluation for additional chromosomal
abnormalities indicative of clonal evolution that may
proceed to disease progression or transformation. When
a true 1-log increase is confirmed, an ABL kinase domain
mutation analysis is advised to identify any underlying
mutations, rendering the BCR-ABL1 kinase resistant to TKI
inhibition.

Several BCR-ABL1 mutants have been identified to be
highly refractory to imatinib.31e35 Mutations in the P-loop of
the kinase domain, in particular, have been associated with
poorer prognosis.36,37 Alerting clinicians to the possible need
to change therapy is important because nilotinib and dasati-
nib remain effective against most forms of mutated ABL
kinase, with the exception of BCR-ABL1T315I.34,36,38,39

Fortunately, this particular mutant responds well to ponati-
nib, which is a third generation of TKI recently approved by
the Food and Drug Administration in December 2012 for the
treatment of patients with CML resistant or intolerant to other
prior TKI therapies.40 Similar to the relationship between
adverse events and time taking imatinib, the incidence of
mutations was also found to occur at higher frequencies in the
first 2 years of therapy, at least for nilotinib and dasatinib.28

As such, accurate monitoring of BCR-ABL1 transcript
levels has become invaluable in predicting patient
response41,42 or resistance to imatinib and second-generation
TKIs. For molecular testing results to become practical
information that affects management decisions, it is imper-
ative to standardize RT-qPCR to permit comparison of
individual laboratory results to the IRIS data and to enable
clinical practice following NCCN guidelines.43

Standardization of the Multistep RT-qPCR

Although there is an ongoing effort toward implementing
international standardization, many different forms of RT-
qPCR testing exist. RT-qPCR is a technically challenging
multistep technique (Figure 2). Differences in sample col-
lection, cell preparation, RNA isolation, RT, internal control
selection, standard curve construction, and data reporting
all contribute to the outstanding variation found in the re-
ported BCR-ABL1 data. This wide variation among different
laboratories, particularly in the United States, was first
revealed by surveys conducted among members of the
Association for Molecular Pathology44 and then by the
College of American Pathologists (CAP) surveys. In one of
the first surveys conducted in 2006, 34 member laboratories
tested the same two samples for BCR-ABL1 and produced
34 values in different units, with numerical numbers span-
ning 7 logs for each sample, as revealed by our analysis. Six
years later, in 2012, analysis of the CAP data shows that
results from 143 laboratories on the sample, with the highest
BCR-ABL1 content, still have striking differences; the high-
est reported value was approximately 500,000-fold higher
than the lowest reported value, even when all values were
reported as a ratio of target/control.45

This widespread variation has caused tremendous
confusion among patients and hematologists.43 In clinical

RT-qPCR

Cell Preparation* 

RNA Preparation

PB Specimens Collection

Reverse Transcription into cDNA

qPCR of BCR-ABL1 and the Internal Control Gene
with Standard Curves

with Reference Materials**

Data Analysis and Reporting
Figure 2 The principal steps of the RT-qPCR procedure. Most labora-
tories isolate total white blood cells by performing a simple step of red cell
lysis (single asterisk). qPCR of BCR-ABL1 and the control gene are normally
performed in parallel in the same run, and duplicate analysis of the stan-
dard curves, references, and patient materials is normally required for
accurate quantification (double asterisks).

Standardization of BCR-ABL1 Quantitation

The Journal of Molecular Diagnostics - jmd.amjpathol.org 559

ChaoJie Zhen, J Mol Diagn 2013, 15: 556e564; http://dx.doi.org/10.1016/j.jmoldx.2013.05.010  

FLUX SCHÉMATIQUE DE L’ANALYSE BCR-
ABL1 PAR RT-PCR QUANTITATIVE (qPCR) 



PCR quantitative BCR-ABL1: pour qui et 
quand ? 
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é
m
a
to
p
o
ı̈e
se

L
e
u
cé
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are currently being investigated134 but should not be undertaken
outside of clinical trials. Treatment discontinuation may be
considered in individual patients, also outside studies, if proper,
high-quality, and certified monitoring can be ensured at monthly
intervals. This is particularly relevant to fertile women who may have
achieved an optimal response, because conception and pregnancy are
contraindicated during TKI treatment. In these patients, when the
optimal response is stable for at least 2 years, TKI discontinuation
with or without the use of rIFNa, can be considered, after informed
consent and with very frequent molecular monitoring.

Monitoring

Monitoring can be performed using either a molecular or cyto-
genetic test, or both, (Table 9) depending on local facilities and on the
degree of molecular standardization of the local laboratory.4,5,42,135

Molecular testing must be performed by RQ-PCR on buffy-
coat of more than 10 mL of blood, to measure BCR-ABL1
transcripts level, which is expressed as BCR-ABL1% on the IS.11

RQ-PCR should be performed every 3 months until a MMR
(MR3.0 or better) is achieved, then every 3 to 6 months. It is not
possible to assess achievement of MMR if the IS is not available.
However, if transcripts are not detectable with a threshold sensitivity
of 1024, this is likely in the range of MMR or below. It is important
to realize that it is not unusual for PCR results to fluctuate up and
down over time, in part because of laboratory technical reasons. If
transcript levels have increased .5 times in a single follow-up
sample and MMR was lost, the test should be repeated in a shorter
time interval, and patients should be questioned carefully about
compliance.

If cytogenetics is used, it must be performed by CBA of marrow
cell metaphases, counting at least 20 metaphases, at 3, 6, and 12
months until a CCyR is achieved, and then every 12 months. CBA
can be substituted by FISH on blood cells only when a CCyR has
been achieved.

In case of warning, it is recommended to repeat all tests, cyto-
genetic and molecular, more frequently, even monthly.

In case of treatment failure or of progression to AP or BP, cyto-
genetics of marrow cell metaphases, PCR, and mutational analysis
should be performed.

If dysplastic morphology or other indications of myelodysplasia
develop, such as unexplained or prolonged cytopenia, histopatho-
logic and cytogenetic studies of bone marrow are recommended.
Clonal chromosome abnormalities in Ph– cells, which may develop
in up to 10% of responders, are a warning only in case of chro-
mosome 7 involvement.

Side effects

The TKIs have different patterns of side effects, and this should
be considered when choosing among these drugs. Side effects can be
divided into 3 general categories. The first includes major, grade
3/4, side effects that typically occur during the first phase of treat-
ment, are manageable, but require temporary treatment discontinu-
ation and dose reduction, and can lead to treatment discontinuation
in about 10% of patients.4,5,10,13,15,20,21,24,26-30,33,34,38,42,136,137 The
second category includes minor, grade 1/2, side effects that begin
early during treatment and can persist forever and become
chronic. They are also manageable and tolerable, in principle,
but negatively affect the quality of life and are a cause of decreased

Table 8. Treatment strategy recommendations for CML in AP or BP

AP and BP in newly

diagnosed, TKI-naı̈ve

patients

Imatinib 400 mg twice daily

or

dasatinib 70 mg twice daily

or

140 mg once daily

Stem cell donor search.

Then, alloSCT is recommended for all BP

patients and for the AP patients who do not

achieve an optimal response.

Chemotherapy may be required before alloSCT,

to control the disease.

AP and BP as a progression

from CP in TKI-pretreated

patients

Anyone of the TKIs that were not used before

progression (ponatinib in case of T315I

mutation), then alloSCT in all patients.

Chemotherapy is frequently required to make

patients eligible for alloSCT.

In treatment-naı̈ve patients, AP is believed to be close to high-risk CP, so that
TKIs have priority. In patients who progress to AP or BP during TKI therapy, the

response to any subsequent treatment is poorer, and less durable, so that alloSCT is
recommended for all patients who are eligible for the procedure. However, in these

patients, not only TKIs but also cytotoxic chemotherapy may be necessary to reinsert
some degree of remission to permit alloSCT. In case of uncontrolled, resistant BP,
alloSCT is not recommended. All recommendations for alloSCT imply that the patient

is eligible for that procedure. Note that nilotinib was tested, but not approved, for the
treatment of BP.119,121,122

Table 9. Recommendations for cytogenetic and molecular
monitoring

At diagnosis Chromosome banding analysis (CBA) of marrow

cell metaphases

FISH in case of Ph negativity to identify variant,

cryptic translocations

Qualitative PCR (identification of transcript type)

During treatment Quantitative real-time PCR (RQ-PCR) for the

determination of BCR-ABL1 transcripts level on

the international scale, to be performed every

3 months until an MMR (BCR-ABL #0.1%, or

MR3.0) has been achieved, then every 3 to

6 months

and/or

CBA of marrow cell metaphases (at least 20

banded metaphases), to be performed at 3, 6,

and 12 months until a CCyR has been

achieved, then every 12 months. Once a CCyR

is achieved, FISH on blood cells can be done. If

adequate molecular monitoring can be ensured,

cytogenetics can be spared.

Failure, progression RQ-PCR, mutational analysis, and CBA of marrow

cell metaphases. Immunophenotyping in BP.

Warning Molecular and cytogenetic tests to be performed

more frequently. CBA of marrow cell

metaphases recommended in case of

myelodysplasia or CCA/Ph– with chromosome

7 involvement.

The responses can be assessed either with molecular tests alone or with

cytogenetic tests alone, depending on the local laboratory facilities, but whenever
possible, both cytogenetic and molecular tests are recommended until a CCyR and
an MMR are achieved. Then RQ-PCR alone may be sufficient. Mutational analysis

by conventional Sanger sequencing is recommended in case of progression, failure,
and warning.59 In case of failure, warning, and development of myelodysplastic

features (unexpected leucopenia, thrombocytopenia, or anemia), CBA of marrow cell
metaphases is recommended.

FISH, fluorescence in situ hybridization; CCA/Ph–,clonal chromosome abnor-

malities in Ph– cells.
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PCR quantitative BCR-ABL1: pour qui et 
quand ? 

Susan Branford, Hematology 2012 



Adapted from Martin Luu and Richard D, Expert Rev. Mol. Diagn. 13(7), 749–762 (2013) 

? 

PCR quantitative BCR-ABL1: pour qui et 
quand ? 



FLUX SCHÉMATIQUE DE L’ANALYSE BCR-
ABL1 PAR RT-PCR QUANTITATIVE (qPCR) 

1 

2 

3 

4 

5 

Technique 

Interprétation 



PCR quantitative BCR-ABL1: quel 
matériel utiliser pour le suivi quantitatif par PCR 
de BCR-ABL1, sang ou moelle ? 

•  Privilégier sang pour des raisons pratiques (accès, répétabilité prlvmt si 
confirmation du résultat requise); 

•  Ne pas comparer valeurs obtenues au départ de sang et moelle 

S Branford, Leukemia (2006) 20, 1925–1930 



SÉPARATION DES FRACTIONS CELLULAIRES 
SANGUINES, UNE PREMIÈRE SOURCE DE VARIABILITÉ DES 
RÉSULTATS INTERLABORATOIRES…. 

Quelles fractions cellulaires garder,  
cellules mononuclées (PBMNC) versus leucocytes totaux? 



EXTRACTION D’ARN, UN MOMENT CRUCIAL POUR 
GARANTIR LA QUALITÉ DU RÉSULTAT 

•  Susceptibilité à la dégradation -> délais d’acheminement < 24 (16H) 
•  ARN total ou ARN messager 



PCR quantitative BCR-ABL1: pourquoi 
utiliser l’ARN, un matériel délicat ? 



THE t(9;22)(q11; q34) IS THE HALLMARK OF CML, 
SO WHY WORKING ON RNA INSTEAD OF DNA ? 



e24 Lab Medicine | Fall  Supplement  2012 www.labmedicine.com

Overview

 
Importance of Assessing 
Molecular Response
The key response milestone, major molecular response 
(MMR), was defined in the pivotal International Randomized 
Study of Interferon and STI571 (IRIS) of imatinib versus 
interferon plus cytarabine as a 3-log or greater reduction in 
BCR-ABL transcripts from a standardized baseline.6,7 Data 
continue to be reported supporting the clinical importance 
and defining the prognostic value of achieving MMR. In 
the IRIS trial, patients who achieved MMR by 18 months 
and who did not progress to advanced disease during 
the subsequent 7 years demonstrated a 7-year event-free 
survival of 95%.8 In the German CML Study IV, patients who 
had achieved MMR by 12 months had significantly prolonged 
progression-free survival and improved overall survival at 3 
years.9 Further, in the recently reported frontline studies of 
nilotinib and dasatinib, no patient who had achieved MMR 
displayed progression to advanced disease.10,11

Complete molecular response (CMR) is used to describe 
a response with BCR-ABL transcripts below the level 

of detection,6 currently a 4.5- to 5-log reduction. The 
prognostic implications of CMR have not yet been 
established, to our knowledge; achievement of CMR has 
been reported only recently12-14 as a clinical trial end point 
in studies of dasatinib and nilotinib in the frontline setting. 
Ongoing clinical trial data suggest that CMR may be of 
considerable value in identifying patients who may be 
candidates for discontinuation of TKI therapy.15

Serial BCR-ABL monitoring provides a measure of the 
response to treatment, enabling rapid identification of 
patients with suboptimal response, loss of response, 
treatment failure (eg, due to primary or acquired 
resistance to current therapy), or lack of adherence to 
treatment and is used to guide clinical decisions for 
patient management.16-18 The NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines for Patients) 
and ELN recommendations encourage frequent monitoring 
of BCR-ABL transcript levels using qRT-PCR—that 
is, every 3 months until patients achieve complete 
cytogenetic response (NCCN Guidelines) or MMR (ELN 
recommendations).2,3 Subsequent molecular monitoring is 
recommended every 3 or 6 months. 
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Figure 1 
The formation of the BCR-ABL chimeric gene (OMIM accession 
number 608232), the cause of chronic myeloid leukemia (CML). 

A balanced translocation brings the Abelson (ABL) oncogene 
from chromosome 9 to chromosome 22, where the breakpoint 

cluster gene (BCR) resides, and results in formation of the BCR-
ABL (OMIM accession number 608232) fusion gene. Levels of 

the BCR-ABL transcript provide a sensitive measure of treatment 
response. (Image courtesy of M. Wetzler, MD, FACP)

Figure 2
Treatment responses and BCR-ABL (OMIM accession number 

608232) transcript levels. The 3 standard types of treatment 
response are shown herein, illustrating the decrease in the bur-

den of leukemic cells as the patient transitions from complete 
hematologic response through complete cytogenetic response 
to major molecular response. Complete molecular response is 

achieved when transcripts are undetectable due to limitation of 
the sensitivity of the assay. Once a cytogenetic response has 

been achieved, further response can only be measured by molec-
ular methods.4 (adapted with permission from Baccarani et al.4 )

Pourquoi utiliser l’ARN, un matériel 
délicat ?: les points de cassures génomiques 
surviennent à des endroits distincts chez chaque patient 

Le fusions BCR-ABL1 sont difficilement amplifiables au départ de l’ADN 

200.000pb 

250pb 



Transcription/traduction 
DNA -> mRNA -> Protéine 

Transcription/Traduction (ADN->ARN-
>Protéine): Epissage des introns 
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Pourquoi utiliser l’ARN, un matériel 
délicat ?: les points de cassures génomiques 
surviennent à des endroits distincts, générant des gènes de 
fusions spécifiques à chaque patient 

JJM van Dongen et al., Leukemia (1999) 13, 1901–1928 



JJM van Dongen et al., Leukemia (1999) 13, 1901–1928 

Pourquoi utiliser l’ARN, un matériel 
délicat ?: les points de cassures génomiques 
surviennent à des endroits distincts, générant des gènes 
de fusions spécifiques à chaque patient 



LES VARIANTS (TRÈS) RARES NE PEUVENT ÊTRE SUIVI PAR RT-qPCR 

< 1% CML 

≈ 90% CML 

< 0,5% CML 

< 5% CML 

X% CNL 

Foroni L., Am. J. Hematol. 84:517–522, 2009. 

qPCR BCR-ABL1 I.S 



Sensibilité diagnostique (faux négatifs)  
e14/e13-a2 = > 90%CML 

e14-a2 

e13-a2 

PCR quantitative BCR-ABL1: les 
sondes/amorces utilisées dans la PCR 
dictent la sensibilité clinique du test 

Gabert et al., Leukemia (2003) 17, 2318–2357 



CERTAINS TRANSCRITS E13A2 VARIANTS NE PEUVENT ÊTRE 
SUIVI PAR RT-qPCR 



LES DIVERS TYPES DE VARIANTS BCR-ABL1 POURRAIENT ÊTRE 
ASSOCIÉS A UNE RÉPONSE ET UNE SURVIE DIFFÉRENTES SOUS 

TKI 



PCR quantitative BCR-ABL1:  
des PCR quantitatives génomiques 
pourraient être utilisées …à l’avenir 



DIAGNOSTIC:  

RT-PCR 
QUALITATIVE 

SUIVI: 

RT-PCR 
QUANTITATIVE 

Quelles RT-PCR BCR-ABL1, pour 
quel usage ?  

+ diagnostic si cinétique importante 



Intégrité ARN 

Efficacité Δ RT 

Efficacité PCR 
Spécificité 
Sensibilité 
Limite de détection 

PCR quantitative BCR-ABL1: transcription 
reverse (ARN->ADN complémentaire), une nouvelle 
source de variabilité 



PCR QUANTITATIVE, COMMENT CELA 
FONCTIONNE (BRÈVE INTRODUCTION )? 



PRINCIPE DE BASE DE LA PCR 
QUANTITATIVE (qPCR) 

BCR ABL 
Amplification  
spécifique 

Génération  
signal 
fluorescent 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



•  Spécificité: faible risque de faux positif 
•  Sensibilité: détection limitée aux formes e14/e13-a2a3 

PCR quantitative BCR-ABL1:  
les sondes utilisées confèrent la spécificité, ne 
permettent de quantifier que e13/e14-a2/a3 

Gabert et al., Leukemia (2003) 17, 2318–2357 



COMPOSITION D’UNE PLAQUE(SÉRIE) DE RT 
q-PCR 

Calibrateurs 

Ech. patients 

M BCR-ABL1 ABL1 (gène domestique) 

Contrôles 



Constitution d’une plaque(série) de RT q-PCR 

Calibrateurs 

Ech. patients 

M BCR-ABL1 ABL1 (gène domestique) 

Contrôles 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



REMPLISSAGE D’UNE 
PLAQUE(SÉRIE) DE qPCR BCR-ABL Mbcr FusionQuant® Kit      Instructions d’Utilisation 
IPSOGEN Cancer Profiler 

 Page 10 de 24 DMK03-16 V10 

6.2.1. Traitement de l’échantillon 
Nous recommandons de tester au moins 8 échantillons d’ADNc dans la même expérience, afin d’optimiser 
l’utilisation des Standards et des mélanges d’amorces et sonde. Le schéma de la plaque ci-dessous montre un 
exemple d’une telle expérience. 
 1 2 3 4 5 6 7 8 9 10 11 12 

A C1 C1  ADNc 1 ADNc 1   F1 F1  ADNc 1 ADNc 1

B C2 C2  ADNc 2 ADNc 2   F2 F2  ADNc 2 ADNc 2

C C3 C3  ADNc 3 ADNc 3   F3 F3  ADNc 3 ADNc 3

D H2O H2O  ADNc 4 ADNc 4   F4 F4  ADNc 4 ADNc 4

E    ADNc 5 ADNc 5   F5 F5  ADNc 5 ADNc 5

F    ADNc 6 ADNc 6   H2O H2O  ADNc 6 ADNc 6

G    ADNc 7 ADNc 7      ADNc 7 ADNc 7

H    ADNc 8 ADNc 8      ADNc 8 ADNc 8

 
 
 avec PPC-ABL   avec PPF-BCR-ABL Mbcr 
N.B. Chaque Kit BCR-ABL Mbcr FusionQuant® fournit assez de réactifs pour réaliser cette expérience avec 
8 échantillons 3 fois. 

6.2.2. RQ-PCR pour instruments ABI et LC 480 
� Décongeler tous les réactifs nécessaires et les mettre sur la glace. 
� Bien centrifuger les dilutions standards et les mélanges d’amorces et sonde avant utilisation. 
� Préparer le pré mélange RQ-PCR suivant en fonction du nombre d’échantillons à traiter. 

 
Réactifs pour pré mélange de RQ-PCR  Conc. Finale 1 Réaction 26 Réactions 30 Réactions

TaqMan® Universal PCR Master Mix 2X Applied Biosystems (Non fourni)  1X 12.5 µl 325 µl 375 µl 
Ipsogen Mélange Amorces & sonde 25X. 1X 1 µl 26 µl 30 µl 
Ajuster vol. à 20 µl avec H2O nuclease-free  6.5 µl 169µl 195 µl 

 Volume total = 20µl 520 µl 600 µl 
Matériel à quantifier  
(Echantillon ADNc, Standard ou H2O contrôle)  5µl   

Toutes les concentrations mentionnées sont calculées pour le volume final. 
Le tableau ci-dessus décrit le schéma de pipetage pour la préparation d’un mélange de réactifs, calculé pour 
obtenir un volume final de réaction de PCR de 25µl. Un pré mélange peut être préparé, en fonction du 
nombre de réactions réalisées avec le même mélange d’amorces et sonde (PPC-ABL ou PPF-BCR-ABL 
Mbcr). 
A réaliser sur la glace : 
� Déposer 20 µl du pré mélange RQ-PCR dans chaque puits. 
� Ajouter 5 µl de produit de RT (ADNc, 100ng d’équivalent ARN) obtenu lors de l’étape 6.1 décrite 

ci-dessus dans le puits correspondant (volume total 25µl). 
� Mélanger doucement en pipetant. 
� Centrifuger brièvement (~10sec, 10,000 rpm, pour collecter le liquide au fond du tube)  
� Placer la plaque dans le thermo-cycleur. 
� Suivre le programme suivant : 

 
Programme RQ-PCR 

Température Temps Cycles 

50°C 2 min X 1 

95°C 10 min X 1 

95°C 15 sec 

60°C 1 min 
X 50 

Patients (n=16) 

Contrôles 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



-> travail par série de 16 patients 

ABL1 

BCR-ABL1 

Temps pour remplir 1 plaque = +:- 2 semaines 

Composition d’une plaque 96 puits (série)  
de q-PCR BCR-ABL1 



Detection of BCR-ABL Mbcr with standards SP1, SP2, SP3, SP5, and SP6. 101, 
102, 103, 105, 106 copies/5 µl. 

Principe d’analyse des données : 
mesure du signal fluorescent pour les standards 
calibrés (BCR-ABL1 et ABL1) 

BCR-ABL1 

ABL1 

Cq Cq Cq 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



Principe d’analyse des données : 
construction d’une droite de calibration pour 
BCR-ABL1 et ABL1 

Cq 

Cq 

Mesuré 

Extrapolé 



Theoretical standard curve for ABL calculated from 4 standard dilutions 

Theoretical standard curve for BCR-ABL calculated from 5 standard 
dilutions 

ABL BCR-ABL1  

Principe du calcul du nombre de copies : 
extrapolation construction de courbes de standards 

Détermination nombre de copies d’ABL1 et de BCR-ABL1 pour chaque échantillon 

Ct 
(Mesuré) 

Nombre de copies (extrapolé) 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



Principe d’analyse des données : la 
mesure du Ct permet le calcul du nombre de copies 
d’ABL1 et BCR-ABL1 pour chaque échantillon testé 
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ADNc/XµL  

•  Différents gènes domestiques peuvent être utilisés, dont Abelson (ABL1) 

Gène domestique (housekeeping): 
normalisation (dégradation/erreur de pipetage) 

Ratio copies BCR-ABL1/ copies gène de référence (ABL1) 

NCN= BCR-ABL1/ABL1  
->  

mesure RELATIVE  
et  

non absolue 

ARN/XµL  
Reverse 

transcription 

X µgr -> X µgr/Equivalent  

Δ 

Quantification relative:5/15 (33%) 
Quantification absolue: 5 

Δ 



> 10.000 MMR 

LE NOMBRE DE COPIES D’ABL1 CONDITIONNE LA 
LIMITE DE DÉTECTION DU TEST (SENSIBILITÉ 
ANALYTIQUE OU LOD), UN PARAMÈTRE ESSENTIEL 
POUR LA MESURE DES RÉPONSES MR3/4/4.5/5…. 

ChaoJie Zhen et al., Volume 15, Issue 5, September 2013, Pages 556–564 
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BCR-ABL Report Optimization Guidance

Clear and concise reporting assists physicians in clinical decision making 

MODULE 3
A guide to implementing the reporting of Limit of Detection (LoD) and scoring of deep 
molecular response

Second generation TKIs 
have prompted the 
need for robust and 
standardized definitions 
of deep molecular 
response (MR).3 

The accuracy and 
precision by which MR 
can be scored critically 
depends on the  
BCR-ABL1 LoD being 
maximized,3 hence the 
need for laboratories to 
report LoD to physicians.

LoD can be 
incorporated into the visual representation of results if that is possible. Alternatively, the LoD should be 
included in the technical details section of a report.

Key Implementation Guidance Common Mistakes to Avoid

The LoD and scoring of deep molecular response criteria according to 
Cross et al 20153 should be followed and implemented as follows:

The LoD is defined as the lowest concentration of target that can be 
detected with 95% confidence. It is strongly advised that laboratories 
analytically determine their LoD using the guidelines CLSI EP17A2. 

The following equations can be used to determine the LoD: 

Laboratory-specific lowest detectable copy of BCR-ABL transcripts   X  100
      Average ABL control gene copy number of the replicates
Or 
Sum of the laboratory-specific lowest detectable copy of BCR-ABL transcripts   X  100
        Sum of the ABL control gene copy number of the replicates

For GUSB see Cross et al 20153

Avoid generic assay LoD not calculated on individual 
sample basis. 

Testing laboratories have generally not rigorously 
determined their in-house limit of detection.

Cross et al 20153 recommend the following control gene copy numbers are 
necessary to score molecular response:
MR4.0 = 10,000-31,999 copies of ABL1 or 24,000-76,999 copies of GUSB
MR4.5 = 32,000-99,999 copies of ABL1 or 77,000-239,999 copies of 
GUSB
MR5.0 ≥100,000 copies of ABL1 or ≥240,000 copies of GUSB
Example A: Detectable 
BCR-ABL replicate 1: detectable in 5 μl cDNA, estimated 2 copies*
BCR-ABL replicate 2: detectable in 5 μl cDNA, estimated 1 copies*
ABL replicate 1: 18,000 copies in 5 μl cDNA
ABL replicate 2: 16,500 copies in 5 μl cDNA
*Result = 6 (sum BCR-ABL1) ÷ 34,500 (sum ABL1) x 0.8 (Conversion 
Factor) x 100 = 0.014% = MMR but not MR4.0
Example B: Undetectable 
BCR-ABL replicate 1: undetectable in 5 μl cDNA.
BCR-ABL replicate 2: undetectable in 5 μl cDNA.
ABL replicate 1: 18,000 copies in 5 μl cDNA
ABL replicate 2: 16,500 copies in 5 μl cDNA
Result = undetectable BCR-ABL1 in 34,500 ABL1 = MR4.5

The most up to date definitions and guidance on scoring MR can 
be found in Cross et al 20153 in which further worked examples 
are included.

3.1

3.1

3.2

3.2

*NOTE: In accordance with the guidelines,3 replicates with a copy number of <3 should be assigned a value of 3.
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v 
v 

LA LIMITE DE DÉTECTION DU TEST, varie au 
cours du temps !!! 

La limite de détection du test, est conditionnée par le 
nombre de copies du gène de référence 



ETAPES DE VALIDATION ANALYTIQUE: 
critères de validation de la série testée 



MC Müller, Leukemia (2009) 23, 1957–1963 

Sources de variabilité: analytique 
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laboratory cannot be considered a fixed value. Evidence 
suggests that it can be unstable, indicating the need for 
more frequent validation.27 One approach to address these 
limitations is the development of instrumentation that 
provides fully automated nucleic acid purification, nested 
qRT-PCR, and data analysis. This approach reduces intra- 
and interlaboratory variability and offers the potential for 
convenient cross-laboratory standardization.28-30

Molecular Monitoring Report
The interface between the laboratory and the treating 
physician is the molecular pathology report. This report 
should have a clear layout, sufficient detail about the 
assay and its limitations, and technical and clinical 
conclusions.31 Standardization of reports is recommended 

to ensure that all necessary information is presented.31 
This practice, together with the use of the IS, makes it far 
easier for the physician to compare reports from different 
laboratories. Moreover, a lack of standardization in a 
laboratory makes it more difficult to assess whether that 
laboratory is operating at an optimal quality assurance 
and quality control level compared with other laboratories.

Guidelines on what constitutes an optimal molecular 
pathology report have been published by the College 
of American Pathologists (CAP).31,32 The molecular 
pathologist provides the interpretation of the test results. 
This interpretation includes an analytical interpretation, in 
which the quality or quantity of the sample is assessed 
and a result is obtained, and a clinical interpretation, 
whereby the result is interpreted to reach a conclusion 
about its importance for the patient and his or her 
treatment. It should not be assumed that health care 

Table 1. Ways That Individual Laboratories May Report BCR-ABL Transcript Levelsa,22-24

Value Reported Method for Determination of Value How Expressed

BCR-ABL copy number Absolute copy number Absolute copy number 
 
BCR-ABL ratio Ratio of BCR-ABL to a control gene Percentage or fraction 
 
Relative to single Highest BCR-ABL transcript level from a patient’s single Log reduction (ie, patient’s current BCR-ABL transcript  
 diagnostic sample  diagnostic sample converted to log10 scale and used  levels converted to log10 scale) from specified baseline  
  as the baseline  
 
Relative to laboratory median  Median BCR-ABL transcript levels derived from RNA, cDNA, Log reduction (ie, patient’s current BCR-ABL transcript 
 of diagnostic samples  plasmid DNA, or cell line samples converted to log10 scale  levels converted to log10 scale) from specified baseline  
  and used as baseline 
 
Relative to lab mean of  Mean BCR-ABL transcript levels derived from RNA, cDNA, Log-reduction (ie, patient’s current BCR-ABL transcript  
 diagnostic samples  plasmid DNA, or cell line samples converted to log10 scale  levels converted to log10 scale) from specified baseline  
  and used as baseline 
 
Relative to previous  BCR-ABL transcript levels from patient’s last test result or Log-reduction (ie, patient’s current BCR-ABL transcript 
 patient sample   baseline test result converted to log10 scale and used  levels converted to log10 scale) from specified baseline 
  as the baseline 
 
Relative to diluted and  BCR-ABL transcript levels derived from standard curve based Log-reduction (ie, patient’s current BCR-ABL transcript 
 undiluted K562 cells  on serial samples of diluted and undiluted K562 cells  levels converted to log10 scale) from specified baseline 
  converted to log10 scale and used as the baseline     Percentage, per IS 
 
Per IS Anchored to a lab-specific pretreatment standardized value 
  baseline BCR-ABL ratio (100% IS) and a 3-log reduction  
  from the same (0.1% IS); mathematical conversion to IS  
  by multiplication of the BCR-ABL/control ratio by a  
  laboratory-specific conversion factor

cDNA, complementary DNA; IS, International Scale. 
aOMIM accession number for BCR-ABL: 608232. 
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The molecular basis of chronic myeloid leukemia (CML) is 
well understood. Central to CML pathology is the BCR-
ABL chimeric gene, formed by a reciprocal translocation 
that brings the breakpoint cluster gene (BCR; OMIM 
accession number 151410) of chromosome 22 adjacent to 
the c-ABL oncogene 1 (ABL1; OMIM accession number 
189980) on chromosome 9, producing the Philadelphia 
chromosome (Ph) (Figure 1). The resulting BCR-ABL gene 
encodes a constitutively active tyrosine kinase, which is 
the fundamental cause of CML.1 

Tyrosine kinase inhibitors (TKIs) play a central role in the 
treatment of CML. Currently, 3 TKIs—imatinib, nilotinib, 
and dasatinib—are approved by the United States Food 
and Drug Administration for the treatment of CML. The 
goal of TKI therapy is to prolong survival by preventing 
transformation of the disease from the chronic phase to an 
advanced stage known as the blast phase, at which point 
median survival is 6 months.1 CML treatment guidelines 
issued by the National Comprehensive Cancer Network 
(NCCN) and the European LeukemiaNet (ELN) represent an 
authoritative view on effective treatment and monitoring2,3 
and emphasize that favorable outcomes rely on close 
monitoring of treatment response, with adjustments 
in therapy when patients’ recovery levels do not meet 
treatment goals. 

The categories of treatment response, in order of 
increasing sensitivity, are hematologic, cytogenetic, and 
molecular (Figure 2).2,4 The improved efficacy of TKIs 
relative to previous standards of care has necessitated 
the use of increasingly sensitive laboratory monitoring 
techniques; hence, molecular response has been the focus 
of much clinical research. Molecular response involves 
measurement of the transcript levels of BCR-ABL using 
quantitative real-time polymerase chain reaction (qRT-
PCR). Quantitative assessment of BCR-ABL transcript 
levels by qRT-PCR has been validated as a surrogate 
marker of response to treatment5 and has become a 
critical tool in the evaluation of responses to TKI therapy. 

Improving the Quality of Quantitative Real-Time 
Polymerase Chain Reaction Laboratory Reporting 
in Chronic Myeloid Leukemia
Carlos E. Vigil, MD,1 Elizabeth A. Griffiths, MD,1 Eunice S. Wang, MD,1 Meir Wetzler, MD, FACP1*
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from these agents depends on regular molecular monitoring of disease 
burden, achieved through measurements of transcript levels of the 
BCR-ABL chimeric gene. Major molecular response is a key milestone 
that correlates with improved long-term outcomes and has recently 

been shown to predict increased survival. Because of the clinical 
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of these processes. 
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Conséquences de la variabilité: 
résultats non convertis sur l’échelle 
internationale (« International scale », I.S) non 
comparables 
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Overview

Measurement accuracy and interlaboratory comparisons 
can be improved through the adoption of harmonized 
international guidelines and the IS. Also, there is mounting 
evidence that achievement of CMR may allow some 
patients to discontinue TKI therapy. The improvements in 
treatment efficacy and in molecular monitoring are exciting 
in that curative intent may be possible with TKI therapy 
but challenging because the onus is on pathologists to 
ensure accurate reports of molecular response based on 
validated, standardized methodology. These reports will 
directly influence clinical decision-making for patient care 
and will signal whether TKI therapy needs to be adjusted or 
potentially discontinued.  LM
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Table 2. Selected List of Commercially Available RT-PCR Kits and Reagents for Processing Samples 
to Assay BCR-ABL Levelsa

Manufacturer  
and Location Product Name Selected Product Claims/Components Principal Reagents/Components

Ipsogen SA,  BCR-ABL   
 Marseilles,   IS-MMR Kit  BCR-ABL fusion gene transcripts relative to  and report MMR 
 France   ABL  

BCR-ABL
BCR-ABL and ABL, limiting variability

 
 

 Portland, OR  BCR-ABL  
   the same well, saving time and money

 
   BCR-ABL

 
   on the IS 

BCR/ABL  
 

 
   BCR/ABL1:ABL BCR/ABL1, ABL1, and BCR/ABL1  

 
   of relapse

 
BCR/ABL1  

   results on the IS 

 
 Sunnyvale, CA  BCR/ABL Assay   integrated sample preparation with amplification  chamber with reagents, filters, and capture 
  (for research   and detection  technologies necessary to extract, purify,  

BCR-ABL  
   assay for rapid, standardized research test  
   reporting in approximately 2 hours  
 
Abbreviations: ABL1, c-abl oncogene 1; ARQ, Armored RNA Quant; BCR, breakpoint cluster gene; IS, International Scale; LOD, limit of detection; MMR, major molecular 
response; NCN, normalized copy number; PCR, polymerase chain reaction; RT-PCR, real-time PCR; qRT-PCR, quantitative RT-PCR. 
aOMIM accession number for BCR-ABL: 608232.

LE RECOURS A DES KITS COMMERCIAUX CERTIFIÉS INCLUANT 
CES CALIBRATEURS PERMET CETTE STANDARDISATION 
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Overview

The molecular basis of chronic myeloid leukemia (CML) is 
well understood. Central to CML pathology is the BCR-
ABL chimeric gene, formed by a reciprocal translocation 
that brings the breakpoint cluster gene (BCR; OMIM 
accession number 151410) of chromosome 22 adjacent to 
the c-ABL oncogene 1 (ABL1; OMIM accession number 
189980) on chromosome 9, producing the Philadelphia 
chromosome (Ph) (Figure 1). The resulting BCR-ABL gene 
encodes a constitutively active tyrosine kinase, which is 
the fundamental cause of CML.1 

Tyrosine kinase inhibitors (TKIs) play a central role in the 
treatment of CML. Currently, 3 TKIs—imatinib, nilotinib, 
and dasatinib—are approved by the United States Food 
and Drug Administration for the treatment of CML. The 
goal of TKI therapy is to prolong survival by preventing 
transformation of the disease from the chronic phase to an 
advanced stage known as the blast phase, at which point 
median survival is 6 months.1 CML treatment guidelines 
issued by the National Comprehensive Cancer Network 
(NCCN) and the European LeukemiaNet (ELN) represent an 
authoritative view on effective treatment and monitoring2,3 
and emphasize that favorable outcomes rely on close 
monitoring of treatment response, with adjustments 
in therapy when patients’ recovery levels do not meet 
treatment goals. 

The categories of treatment response, in order of 
increasing sensitivity, are hematologic, cytogenetic, and 
molecular (Figure 2).2,4 The improved efficacy of TKIs 
relative to previous standards of care has necessitated 
the use of increasingly sensitive laboratory monitoring 
techniques; hence, molecular response has been the focus 
of much clinical research. Molecular response involves 
measurement of the transcript levels of BCR-ABL using 
quantitative real-time polymerase chain reaction (qRT-
PCR). Quantitative assessment of BCR-ABL transcript 
levels by qRT-PCR has been validated as a surrogate 
marker of response to treatment5 and has become a 
critical tool in the evaluation of responses to TKI therapy. 
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Polymerase Chain Reaction Laboratory Reporting 
in Chronic Myeloid Leukemia
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IPSOGEN® BCR-ABL1 M BCR IS-MMR 
QIAGEN® Sample and Assay Technologies  

https://www.qiagen.com/us/resources/resourcedetail?id=11ca6274-2ed2-4751-a4d6-a1eb98c8204a&lang=en 

RNA isolation, cDNA synthesis, and qPCR 

Trousse commerciale certifiée CEE IVD 

PCR quantitative BCR-ABL1: 
Solution commerciale utilisée au CHU Lg 
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D’AUTRES SOLUTIONS COMMERCIALES SONT 
DISPONIBLES… 



Time Optimal response Warning Failure

Baseline High risk
Major route CCA/Ph+

3 mos. BCR-ABLIS ≤10%*
Ph+ ≤35% (PCyR)

BCR-ABLIS >10%*
Ph+ 36-95%

No CHR*
Ph+ >95%

6 mos. BCR-ABLIS <1%*
Ph+ 0% (CCyR)

BCR-ABLIS 1-10%*
Ph+ 1-35%

BCR-ABLIS >10%*
Ph+ >35%

12 mos. BCR-ABLIS ≤0.1%* (MMR) BCR-ABLIS 0.1-1%* BCR-ABLIS >1%* 
Ph+ >0%

Then,
and at 
any time

MMR or better CCA/Ph- (-7, or 7q-) Loss of CHR
Loss of CCyR
Loss of MMR, confirmed**
Mutations
CCA/Ph+

UPDATE

2013

European LeukemiaNet Recommendations for
the Management of Chronic Myeloid Leukemia (CML)

Response definitions for any TKI first line,
and 2nd line in case of intolerance, all patients (CP, AP, and BC)

*and/or      **in 2 consecutive tests, of which one ≥1%        IS: BCR-ABL on International Scale

Treatment recommendations
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1st Baseline X X X X2

2nd Intolerance to 1st TKI Any other TKI 
approved 1st line

Failure 
1st line of

imatinib X8 X X X X

nilotinib X X X X X X

dasatinib X8 X X X X X

3rd Intolerance to / failure of two TKI Any remaining TKI X

Any T315I mutation X X X X

Accelerated or blast phase

In newly diagnosed,
TKI naïve patients

start with X3 X4 X X

no optimal 
response, BP X7 X5

TKI pre-treated patients Any other TKI X6 X7 X5

1choice of the TKI consider tolerability and safety, and patient characteristics (age, comorbidities), 2only in case of baseline war-
nings (high risk, major route CCA/Ph+), 3400 mg/bid, 470 mg/bid or 140 mg/qd, 5may be required before SCT to control disease 
and to make patients eligible to alloSCT, 6in case of T315I mutation, 7only patients who are eligible for alloSCT, not in case of 
uncontrolled, resistant BP, 8400 mg bid in failure setting                                                          qd: Once daily     bid: Twice daily
References: 1. Baccarani M, Deininger M, Rosti G, et al. European LeukemiaNet recommendations for the management of chronic myeloid leukemia: 
2013. Blood 122:872-884, 2013. 2. Baccarani M, Cortes J, Pane F, et al. Chronic myeloid leukemia. An update of concepts and management Recom-
mendations of the European LeukemiaNet. J Clin Oncol. 27:6041-51, 2009. 3. Baccarani M, Sagio G, Goldman J, et al: Evolving concepts in the ma-
nagement of chronic myeloid leukemia: recommendations from an expert panel on behalf of the European LeukemiaNet. Blood 108:1809-1820, 2006.

Rapports de PCR quantitative 
BCR-ABL1 I.S : buts ? 



NCCN Guidelines Version 3.2014
Chronic Myelogenous Leukemia

NCCN Guidelines Index

CML Table of Contents

Discussion

Version 3.2014, 01/15/14 © National Comprehensive Cancer Network, Inc. 2014, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN®.

Note:  All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any cancer patient is in a clinical trial.  Participation in clinical trials is especially encouraged.

CML-3

6-MONTH FOLLOW-UP THERAPYa

aSee Recommendations for Monitoring Response to TKI Therapy and Mutational 

Analysis (CML-A).
bHSCT = hematopoietic stem cell transplantation. Indications and outcomes of 

allogeneic HSCT are dependent on age, donor type, and transplant center. 

Nonmyeloablative HSCT is under investigation and should be performed only in 

the context of a clinical trial.
dSee Discussion for further details. 
jSee Management of Imatinib Toxicity (CML-D). 
lSee Management of Nilotinib Toxicity (CML-E).
mSee Management of Dasatinib Toxicity (CML-F).
nSee Criteria for Hematologic, Cytogenetic, Molecular Response, and Relapse 

(CML-I).

oSame dose of TKI should be continued indefinitely. Discontinuation of TKI should 

only be done in the setting of a clinical trial. See Discussion for details.
pConsider	IFN/PEG-IFN,	allogeneic	HSCT,	omacetaxine,	or	clinical	trial	for	rare	

patients unable to tolerate TKI therapy.
qSee Management of Bosutinib Toxicity (CML-G).
rPatients	with	failure	to	first-line	imatinib	should	be	treated	with	nilotinib,	dasatinib,	
or	bosutinib	in	the	second-line	setting.	Patients	with	failure	to	first-line	nilotinib	
or dasatinib could be treated with an alternate TKI (other than imatinib) in the 

second-line setting.
sOmacetaxine is a treatment option for patients with resistance and/or intolerance 

to two or more TKIs. See Management of Omacetaxine Toxicity (CML-H).

6-mo evaluationa (not 
needed if BCR-ABL1 
transcripts ≤10% [IS] 
or at least PCyR at 
3-mo response)

BCR-ABL1 transcripts 
≤10% (IS)d or ≥PCyRn on 
bone marrow cytogenetics

BCR-ABL1 transcripts 
>10% (IS)d or <PCyRn on 
bone marrow cytogenetics 

Continue same 
doseo of TKIj,l,m,q

• Evaluate patient 
compliance 
and drug-drug 
interactions

• Mutational 
analysis 
(See CML-7) 

Monitor  
with QPCR 
every 3 moa

Clinical trial
or
Change therapy to alternate TKI (other 
than imatinib)l,m,p,q,r,s (See CML-7) 
and 
Evaluate for HSCTb depending on 
response to TKI therapy 
(See CML-8) 

See CML-A

See 12-Month 
Evaluation 
(CML-4)

Printed by Eliot Williams on 6/11/2014 11:11:01 AM. For personal use only. Not approved for distribution. Copyright © 2014 National Comprehensive Cancer Network, Inc., All Rights Reserved.

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp 
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LEUKEMIC BURDEN IN CML PATIENTS AT DIAGNOSIS AND TKI 
TREATMENT RESPONSE LANDMARKS DURING MONITORING 

USING CYTOGENETICS AND BCR–ABL RNA RQ-PCR 
STANDARDIZED TO THE INTERNATIONAL SCALE 

Martin Luu and Richard D, Expert Rev. Mol. Diagn. 13(7), 749–762 (2013) 



Comment réduire la variabilité: la 
standardisation via l’utilisation de matériaux de 
références calibrés et certifiés (par l’OMS) 



1 

2 

3 

Sources multiples de variabilité requièrent une 
conversion: les matériaux de références calibrés permettent 
de générer un facteur de conversion et de convertir les 
résultats locaux sur une échelle internationale standardisée 

… 



Une échelle internationale 
standardisée: Pour quoi faire ?  

Descendre de 3 étages…vers la sortie ! 



Une échelle internationale 
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Une échelle internationale 
standardisée: Pour quoi faire ?  
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A certified plasmid reference material for the standardisation
of BCR–ABL1 mRNA quantification by real-time
quantitative PCR
H White1,2, L Deprez3, P Corbisier3, V Hall1, F Lin1,2, S Mazoua3, S Trapmann3, A Aggerholm4, H Andrikovics5, S Akiki6, G Barbany7, N Boeckx8,9, A Bench10,
M Catherwood11, J-M Cayuela12, S Chudleigh13, T Clench14, D Colomer15, F Daraio16, S Dulucq17, J Farrugia18, L Fletcher19, L Foroni20, R Ganderton21,
G Gerrard20, E Gineikienė22, S Hayette23, H El Housni24, B Izzo25, M Jansson26, P Johnels27, T Jurcek28, V Kairisto29, A Kizilors30, D-W Kim31, T Lange32, T Lion33,
KM Polakova34, G Martinelli35, S McCarron36, PA Merle37, B Milner38, G Mitterbauer-Hohendanner39, M Nagar40, G Nickless41, J Nomdedéu42, DA Nymoen43,
EO Leibundgut44, U Ozbek45, T Pajič46, H Pfeifer47, C Preudhomme48, K Raudsepp49, G Romeo50, T Sacha51, R Talmaci52, T Touloumenidou53,
VHJ Van der Velden54, P Waits55, L Wang56, E Wilkinson57, G Wilson58, D Wren59, R Zadro60, J Ziermann61, K Zoi62, MC Müller63, A Hochhaus61,
H Schimmel3, NCP Cross1,2 and H Emons3

Serial quantification of BCR–ABL1 mRNA is an important therapeutic indicator in chronic myeloid leukaemia, but there is a
substantial variation in results reported by different laboratories. To improve comparability, an internationally accepted plasmid
certified reference material (CRM) was developed according to ISO Guide 34:2009. Fragments of BCR–ABL1 (e14a2 mRNA fusion),
BCR and GUSB transcripts were amplified and cloned into pUC18 to yield plasmid pIRMM0099. Six different linearised plasmid
solutions were produced with the following copy number concentrations, assigned by digital PCR, and expanded uncertainties:
1.08 ± 0.13× 106, 1.08 ± 0.11× 105, 1.03 ± 0.10× 104, 1.02 ± 0.09× 103, 1.04 ± 0.10× 102 and 10.0 ± 1.5 copies/μl. The certification of
the material for the number of specific DNA fragments per plasmid, copy number concentration of the plasmid solutions and the
assessment of inter-unit heterogeneity and stability were performed according to ISO Guide 35:2006. Two suitability studies
performed by 63 BCR–ABL1 testing laboratories demonstrated that this set of 6 plasmid CRMs can help to standardise a number of
measured transcripts of e14a2 BCR–ABL1 and three control genes (ABL1, BCR and GUSB). The set of six plasmid CRMs is distributed
worldwide by the Institute for Reference Materials and Measurements (Belgium) and its authorised distributors (https://ec.europa.
eu/jrc/en/reference-materials/catalogue/; CRM code ERM-AD623a-f).
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Comment réduire la variabilité: la 
standardisation via l’utilisation de matériaux de 
références calibrés et certifiés (par l’OMS) 



MC Müller, Leukemia (2009) 23, 1957–1963 

Impact de la conversion sur 
l’échelle internationale du NCN: 
pondération valeur locale par facteur de 
conversion 



MC Müller, Leukemia (2009) 23, 1957–1963 

MR3 

Impact de la conversion sur 
l’échelle internationale du NCN: 



2.  COMMENT LE RATIO BCR-ABL I.S % EST-IL 
CALCULÉ ET POURQUOI LE NOMBRE DE 
COPIES DU GÈNE DE MÉNAGE EST-IL SI 
IMPORTANT ? 



2.  COMMENT LE RATIO BCR-ABL I.S % EST-IL 
CALCULÉ ET POURQUOI LE NOMBRE DE 
COPIES DU GÈNE DE MÉNAGE EST-IL SI 
IMPORTANT ? 



NORMALISATION DU NOMBRE DE 
COPIES (NCN), pour chaque échantillon 

* ou GUS, B2M… 

* 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



Détermination du facteur de 
conversion (CF):  
écart entre valeur du calibrateur certifié fournie 
par producteur et valeur calculée localement 



Détermination d’un facteur de conversion (CF) 

Facteur de conversion 

CF=valeur calibrateur IS / valeur mesurée du calibrateur 

Conversion sur l’échelle 
internationale du NCN: 
pondération valeur locale du nombre de copies 
de chaque échantillon par facteur de conversion 

Adapted from Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



A B A/B*100 A/B NCN*CF 

Illustration calcul NCN I.S local : 
CHU Lg 



3.  DISCUSSION INTERACTIVE SUR LE FORMAT DU 
RAPPORT DE LABORATOIRE IDÉAL 



Rapports de PCR quantitative BCR-
ABL1 au CHU de Liège : situation 
actuelle 



Rapports de PCR quantitative 
BCR-ABL1: buts ? 

•  Objectiver la qualité/profondeur de la réponse à un 
traitement donné; 

•  Sur une échelle internationale standardisée; 
•  Décider d’analyses complémentaires éventuelles; 

•  Adapter (ou non) le traitement et évaluer les 
répercussions 
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BCR-ABL Report Optimization Guidance

Clear and concise reporting assists physicians in clinical decision making 

MODULE 5
Guidance on the data fields that should be included in the clinical report

Report Field Implementation Guidance

Current Diagnosis This field gives clinical context to the result and can be one of three options;
1. CML Chronic Phase
2. CML Accelerated Phase 
3. CML Blast Phase

Importantly, only a diagnosis of CML with a p210 transcripts can be reported on the IS.

Date of Current 
Diagnosis

This field allows key milestones to be observed.

This field is commonly excluded from clinical reports.

Clinical Details This is the patient’s clinical details as provided on the test request form by the referring physician giving 
clinical information to the laboratory to aid in the interpretation of the result.  
Example: Patient not tolerating therapy. Query: progression?

This field is commonly excluded from clinical reports.

Current Therapy  
Start Date

This vital piece of information is very often not included in clinical reports. Without this information 
interpretation of the ELN recommendations cannot be achieved.

Current Therapy This is the patient’s therapy regime at the time this sample was taken. Options are:
 Imatinib 
 Nilotinib 
 Dasatinib
 Ponatinib 
 Bosutinib
 Not currently using TKI therapy
 Other

%BCR-ABL/CGx100 The raw BCR-ABL to control gene ratio expressed as percentage, which is then aligned to the International 
Scale with use of a conversion factor.

BCR-ABL Copy Number The number of BCR-ABL1 molecules detected in the sample, the International Scale is only valid for major 
transcripts (e14a2 and 13a2).

Control Gene (CG) 
Used

This is the gene that is used to normalize the BCR-ABL result. This information is required in order to 
interpret the control gene copy number, particularly important when BCR-ABL is undetectable. Options 
include:

 GUSB
 ABL1
 BCR
 G6PDH
 B2M

Methodology used This information provides the ordering physician context for the interpretation of the result. The description 
of the protocol used to perform the test should be informative but concise.  
Example: Qiagen IS MMR Fusion Quant RQ-PCR performed on mRNA.

Excessive detail should be avoided. 

LES DONNÉES A PRÉSENTER DANS LE RAPPORT: 
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BCR-ABL Report Optimization Guidance

Clear and concise reporting assists physicians in clinical decision making 

MODULE 2
A guide to implementing visual representation of historical results in a trend chart

Visualization of a patient’s historical data is an invaluable tool for demonstrating trends in treatment.1

The X axis should allow for the last 6 tests to be displayed at all times. Within the first 18 months of 
treatment the X axis should start at date of diagnosis, thereafter the X axis should be positioned to show 
the last 6 tests. The scale of the X axis should be in months.

The Y Axis must be a logarithmic scale. With the ability to exceed 100% and to report down to at least 
0.001% BCR-ABL IS. Milestones that must be included are: 
MMR/MR3 = 0.1% IS     MR4.5 = 0.0032% IS     MR5 = 0.001% IS

Key Implementation Guidance Common Mistakes to Avoid

The patient result trend line is plotted over time and should be 
clearly visible on the chart. If there is a test failure this should be 
represented as a gap on the trend line. You should not connect  
two tests results where a test failure has occurred between 
successful tests.

If the result is undetectable the patient result should be plotted at 
the limit of detection for that test or on the X axis and should be 
clearly marked as undetectable. 

Plotting more than one transcript type on the 
same graph.

Plotting %BCR-ABL results not on the IS.

This is the date the current therapy was started. There may be cases 
where therapy is changed during monitoring; in this case the line 
should be adjusted to reflect the new therapy start date.

Exclusion of this date prevents interpretation of 
ELN recommendations graphically.

2.1

2.1

2.2

2.2

Molecular response is best assessed according to the International Scale (IS). It is 
expressed and reported as %BCR-ABL IS on a log scale, where 10%, 1%, 0.1%, and 
0.0032% correspond to a decrease of 1, 2, 3, and 4.5 logs, respectively, below the 
standard baseline that was used in the IRIS study.2
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MODULE 3
A guide to implementing the reporting of Limit of Detection (LoD) and scoring of deep 
molecular response

Second generation TKIs 
have prompted the 
need for robust and 
standardized definitions 
of deep molecular 
response (MR).3 

The accuracy and 
precision by which MR 
can be scored critically 
depends on the  
BCR-ABL1 LoD being 
maximized,3 hence the 
need for laboratories to 
report LoD to physicians.

LoD can be 
incorporated into the visual representation of results if that is possible. Alternatively, the LoD should be 
included in the technical details section of a report.

Key Implementation Guidance Common Mistakes to Avoid

The LoD and scoring of deep molecular response criteria according to 
Cross et al 20153 should be followed and implemented as follows:

The LoD is defined as the lowest concentration of target that can be 
detected with 95% confidence. It is strongly advised that laboratories 
analytically determine their LoD using the guidelines CLSI EP17A2. 

The following equations can be used to determine the LoD: 

Laboratory-specific lowest detectable copy of BCR-ABL transcripts   X  100
      Average ABL control gene copy number of the replicates
Or 
Sum of the laboratory-specific lowest detectable copy of BCR-ABL transcripts   X  100
        Sum of the ABL control gene copy number of the replicates

For GUSB see Cross et al 20153

Avoid generic assay LoD not calculated on individual 
sample basis. 

Testing laboratories have generally not rigorously 
determined their in-house limit of detection.

Cross et al 20153 recommend the following control gene copy numbers are 
necessary to score molecular response:
MR4.0 = 10,000-31,999 copies of ABL1 or 24,000-76,999 copies of GUSB
MR4.5 = 32,000-99,999 copies of ABL1 or 77,000-239,999 copies of 
GUSB
MR5.0 ≥100,000 copies of ABL1 or ≥240,000 copies of GUSB
Example A: Detectable 
BCR-ABL replicate 1: detectable in 5 μl cDNA, estimated 2 copies*
BCR-ABL replicate 2: detectable in 5 μl cDNA, estimated 1 copies*
ABL replicate 1: 18,000 copies in 5 μl cDNA
ABL replicate 2: 16,500 copies in 5 μl cDNA
*Result = 6 (sum BCR-ABL1) ÷ 34,500 (sum ABL1) x 0.8 (Conversion 
Factor) x 100 = 0.014% = MMR but not MR4.0
Example B: Undetectable 
BCR-ABL replicate 1: undetectable in 5 μl cDNA.
BCR-ABL replicate 2: undetectable in 5 μl cDNA.
ABL replicate 1: 18,000 copies in 5 μl cDNA
ABL replicate 2: 16,500 copies in 5 μl cDNA
Result = undetectable BCR-ABL1 in 34,500 ABL1 = MR4.5

The most up to date definitions and guidance on scoring MR can 
be found in Cross et al 20153 in which further worked examples 
are included.

3.1

3.1

3.2

3.2

*NOTE: In accordance with the guidelines,3 replicates with a copy number of <3 should be assigned a value of 3.
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The LoD is defined as the lowest concentration of target that can be 
detected with 95% confidence. It is strongly advised that laboratories 
analytically determine their LoD using the guidelines CLSI EP17A2. 

The following equations can be used to determine the LoD: 

Laboratory-specific lowest detectable copy of BCR-ABL transcripts   X  100
      Average ABL control gene copy number of the replicates
Or 
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BCR-ABL replicate 1: undetectable in 5 μl cDNA.
BCR-ABL replicate 2: undetectable in 5 μl cDNA.
ABL replicate 1: 18,000 copies in 5 μl cDNA
ABL replicate 2: 16,500 copies in 5 μl cDNA
Result = undetectable BCR-ABL1 in 34,500 ABL1 = MR4.5

The most up to date definitions and guidance on scoring MR can 
be found in Cross et al 20153 in which further worked examples 
are included.

3.1

3.1

3.2

3.2

*NOTE: In accordance with the guidelines,3 replicates with a copy number of <3 should be assigned a value of 3.
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Laboratory recommendations for scoring deep molecular
responses following treatment for chronic myeloid leukemia
NCP Cross1,2, HE White1,2, D Colomer3, H Ehrencrona4, L Foroni5, E Gottardi6, T Lange7, T Lion8, K Machova Polakova9, S Dulucq10,
G Martinelli11, E Oppliger Leibundgut12, N Pallisgaard13, G Barbany14, T Sacha15, R Talmaci16, B Izzo17, G Saglio6, F Pane17,18,
MC Müller19 and A Hochhaus20

Treatment of chronic myeloid leukemia (CML) with tyrosine kinase inhibitors has advanced to a stage where many patients achieve
very low or undetectable levels of disease. Remarkably, some of these patients remain in sustained remission when treatment is
withdrawn, suggesting that they may be at least operationally cured of their disease. Accurate definition of deep molecular
responses (MRs) is therefore increasingly important for optimal patient management and comparison of independent data sets. We
previously published proposals for broad standardized definitions of MR at different levels of sensitivity. Here we present detailed
laboratory recommendations, developed as part of the European Treatment and Outcome Study for CML (EUTOS), to enable testing
laboratories to score MR in a reproducible manner for CML patients expressing the most common BCR-ABL1 variants.

Leukemia advance online publication, 27 February 2015; doi:10.1038/leu.2015.29

INTRODUCTION
Molecular monitoring provides important prognostic information
for individual chronic myeloid leukemia (CML) patients under-
going therapy, and international treatment recommendations
incorporate specific time-dependent molecular milestones to help
determine whether a patient is responding optimally or not.1,2

Molecular measurements are made by reverse transcriptase
quantitative PCR (RT-qPCR) to estimate the amount of BCR-ABL1
mRNA relative to an internal reference gene, most commonly
ABL1, GUSB or BCR.3,4 The results are expressed on an International
Scale (IS) as a percentage, with 100% BCR-ABLIS corresponding to
the International Randomized Study of Interferon and STI571 (IRIS)
study standardized baseline and 0.1% BCR-ABLIS being defined
as a major molecular response (MMR or MR3; 3 log reduction
from the standardized baseline).3 Expression of results on the IS
depends on each testing laboratory either having obtained a
laboratory-specific conversion factor (CF) by sample exchange
with an established reference laboratory or by using kits and
reagents that have been calibrated to the World Health
Organization International Genetic Reference Panel for quantita-
tion of BCR-ABL1 mRNA.4–9

Efforts to standardize molecular monitoring to the IS focused
initially on detectable residual disease and in particular whether a
patient had or had not achieved particular milestones, for
example, 10% BCR-ABLIS or 0.1% BCR-ABLIS at various time points.
However, with longer follow-up, it became apparent that many

patients treated with imatinib achieved deeper levels of response,
with BCR-ABL1 becoming undetectable in a minority of cases.10

This, along with the fact that second-generation tyrosine kinase
inhibitors produce faster and deeper responses, compared with
imatinib,11,12 prompted the need for robust, standardized defini-
tions of deep MR. Such definitions are particularly important in the
context of studies that are enrolling patients with sustained deep
responses into treatment-free protocols.13,14

We previously published proposals for broad standardized
definitions of MR at different levels of sensitivity (MR4, MR4.5, and
so on; collectively referred to as ‘deep MR’), which were endorsed
by the European LeukemiaNet in their most recent recommenda-
tions for the treatment of CML patients.1,15 These broad
definitions, however, and clinical studies that have been published
to date do not provide the technical details and interpretation
to enable laboratories to categorize patients in a standardized
manner. As part of the European Treatment and Outcome Study
(EUTOS), we have developed laboratory proposals, as detailed
below, to enable testing laboratories to define MR in a
reproducible manner. These proposals were developed by
consensus over several meetings and are described in detail in
this paper, along with several examples. The terminology
employed is based on the recommendations of the Minimum
Information for Publication of Quantitative Real-Time PCR Experi-
ments (MIQE) guidelines16 and the proposal focuses on qPCR
assays for the most common BCR-ABL1 variants (e13a2 and/or
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Published definitions of MR  

•  MR4 (⩾4-log reduction from IRIS baseline) =  
either (i) detectable disease ⩽ 0.01% BCR-ABLIS or  
(ii) undetectable disease in cDNA with 10 000–31 999 ABL1 transcripts  
 
•  MR4.5 (⩾4.5-log reduction from IRIS 

detectable disease ⩽0.0032% BCR-ABLIS or  
(ii) undetectable disease in cDNA with 32 000–99 999 ABL1 transcripts 
  
•  MR5 (⩾5-log reduction from IRIS baseline) =  
either (i) detectable disease ⩽ 0.001% BCR-ABLIS or  
(ii) undetectable disease in cDNA with ⩾ 100 000 ABL1 transcripts  



DEFINING DETECTABLE AND 
UNDETECTABLE DISEASE  

•  The cutoff for positivity should correspond to a quantification 
cycle (Cq) of intercept +1 (which should generally lead to 
cutoffs of 41–42 Cq). In other words, samples with a Cq 
higher than intercept +1 should be considered as 
undetectable.  

•  The ‘no-template control’ wells and reagent blanks should 
ideally not cross the threshold at any point but should 
certainly be at least 2 Cq above the intercept Cq for that run. 
If this is not the case, then the run must be considered as 
failed.  

•  If replicate assays are performed for BCR-ABL1, any of the 
individual replicates are positive according to the criteria 
above, we recommend that the final result is considered as 
positive, that is, detectable disease   

•  all low level-positive replicates should be assigned a specific 
number of BCR-ABL1 transcripts by extrapolating below the 
lowest plasmid standard.  
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SCORING MR WHEN DISEASE IS DETECTABLE (1)  

e14a2; 97% of CML patients) that use an external plasmid
calibrator to estimate numbers of target molecules.

REFERENCE GENES OTHER THAN ABL1
The published definitions of MR focus on the use of ABL1 as a
reference gene as this is used by the majority of laboratories
worldwide.15 Of the principal alternative reference genes,3 GUSB is
used by a significant minority of European laboratories, whereas
BCR is used primarily in Australasia and some US laboratories.
We have focused here on extending the MR definitions when
BCR-ABL1 is undetectable to include GUSB; further work will be
required to extend these definitions to include BCR.
To determine the correspondence between ABL1 and GUSB, we

collected data from three centers that routinely analyzed the
expression of both genes in parallel. We focused on CML samples
that were o10% BCR-ABLIS and had 410 000 ABL1 copies. Of
1567 samples, the median ratio of GUSB/ABL1 was 2.4 in the same
volume of cDNA and therefore we consider that, for the purpose
of defining deep MR, 10 000 ABL1 transcripts are equivalent
to 24 000 GUSB transcripts. The previously published15 definitions
of MR can therefore be expanded as follows:

● MR4 (⩾4-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.01% BCR-ABLIS or (ii) undetectable disease in cDNA
with 10 000–31 999 ABL1 transcripts or 24 000–76 999 GUSB
transcripts.

● MR4.5 (⩾4.5-log reduction from IRIS baseline) = either (i)
detectable disease ⩽ 0.0032% BCR-ABLIS or (ii) undetectable
disease in cDNA with 32 000–99 999 ABL1 transcripts or 77 000–
239 999 GUSB transcripts.

● MR5 (⩾5-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.001% BCR-ABLIS or (ii) undetectable disease in cDNA
with ⩾ 100 000 ABL1 transcripts ⩾ 240 000 GUSB transcripts.

Although GUSB laboratories may use these definitions,
we suggest that they should ideally derive their own correspon-
dence between ABL1 and GUSB (or other reference gene) using at
least 50–100 remission (o10% BCR-ABLIS) samples to derive their
own cutoffs for different MR levels. Before making this compar-
ison, the amplification conditions should be optimized and in
particular the amplification efficiency for the two genes should be
the same. This can be achieved easily for ABL1, GUSB and BCR (and
BCR-ABL1) using the ERM-AD623 plasmid.17 For laboratory-
developed tests, we further recommend that ERM-AD623 is used
directly as a qPCR calibrator for routine analysis or indirectly as a
calibrator for in-house plasmid dilutions.

DEFINING DETECTABLE AND UNDETECTABLE DISEASE
There are several ways in which testing laboratories differ in how
they define disease as detectable or undetectable. For individual
amplification reactions and runs, we recommend that the
established Europe Against Cancer criteria are used.18 In particular:

● The cutoff for positivity should correspond to a quantification
cycle (Cq) of intercept +1 (which should generally lead to
cutoffs of 41–42 Cq). In other words, samples with a Cq higher
than intercept +1 should be considered as undetectable.

● The ‘no-template control’ wells and reagent blanks should
ideally not cross the threshold at any point but should certainly
be at least 2 Cq above the intercept Cq for that run. If this is not
the case, then the run must be considered as failed.

A major variable between centers is the number of replicate
assays that are performed for each sample and the way that those
replicates are considered to yield the final result. Typically, both
BCR-ABL1 and the reference gene are tested in duplicate, although
some centers perform triplicate assays and some only perform
single assays. If replicate assays are performed for BCR-ABL1 (as
recommended from RNA19,20 or cDNA21 to help improve
the accuracy of results) and any of the individual replicates
are positive according to the criteria above, we recommend that
the final result is considered as positive, that is, detectable disease.
Even when testing in triplicate and two replicates are scored as
undetectable and one is scored as detectable, the overall result
should be scored as detectable or positive.
The Europe Against Cancer defines assay sensitivity by using

normalized copy number and ΔΔCt methods, both of which relate
the level of MRD to pretreatment levels for individual patients.22

This is not compatible with the IS in CML, which relates MRD levels
to the IRIS standardized baseline, and therefore an alternative
approach is required.

SCORING MR WHEN DISEASE IS DETECTABLE
In general, measurable residual disease23 should be assigned a
value on the IS and scored as MR4 if ⩽ 0.01% BCR-ABLIS, MR4.5 if
⩽ 0.0032% BCR-ABLIS, and so on, provided that the sample fulfils
the minimum quality criteria, that is, ABL1 ⩾ 10 000 or GUSB
⩾ 24 000 in each replicate.21 If replicate analyses are performed
and the values between replicates are comparable,21 then the
number of BCR-ABL1 and reference gene transcripts should be
the total value across replicates and the final result expressed on
the IS, that is, ((sum of BCR-ABL1 copies)/(sum of reference gene
copies))×CF× 100 (see examples 1–3). As the reference gene in
this context is used to estimate the amount of cDNA tested for
BCR-ABL1, any difference in the number of replicates performed
for BCR-ABL1 and the reference gene will need to be taken into
account (see example 4). In addition, we recommend that for
scoring MR4.5, the total reference gene number should be 32 000–
99 999 ABL1 transcripts or 77 000–239 999 GUSB transcripts
regardless of whether the disease is detectable or undetectable.
For scoring MR5, the total reference gene number should be ABL1
⩾ 100 000 or GUSB ⩾ 240 000 (Table 1; see example 5).
Many centres score positive samples with a Cq higher than that

of the lowest plasmid standard as ‘low-level positive’, positive
outside the quantifiable range, ‘o10 BCR-ABL1’, if the lowest
standard is 10, ‘o4 BCR-ABL1’, if the lowest standard is 4, and so
on. Indeed, some guidelines specifically recommend that values
should not be estimated if they require extrapolation beyond the

Table 1. Summary of reference gene numbers required for scoring deep molecular response

MR4 MR4.5 MR5

Minimum sum of reference gene transcripts irrespective of
whether BCR-ABL1 is detected or nota

10 000 ABL1
24 000 GUSB

32 000 ABL1
77 000 GUSB

100 000 ABL1
240 000 GUSB

BCR-ABLIS level for positive samplesb ⩽ 0.01% ⩽ 0.0032% ⩽ 0.001%

aNumbers of reference gene transcripts in same volume of cDNA that is tested for BCR-ABL1. The minimum number in any individual replicate should be
10 000 ABL1 or 24 000 GUSB. bProvided that the minimum reference gene copy numbers in the row above are fulfilled.

Treatment of CML with TKI
NCP Cross et al
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Example 1 (Lab CF = 0.8): 
 
– BCR-ABL1 replicate 1: detectable in 2 µl cDNA, estimated 7 copies. 
– BCR-ABL1 replicate 2: detectable in 2 µl cDNA, estimated 3 copies. 
– ABL1 replicate 1: 24 000 copies in 2 µl cDNA. 
– ABL1 replicate 2: 28 000 copies in 2 µl cDNA. 
 
Result=(sum BCR-ABL1=10)/(sum ABL1=52000)×0.8×100= 
0.015% = MMR but not MR4. 

 Example 3 (Lab CF = 0.5): 
 
– BCR-ABL1 replicate 1: undetectable in 5 µl cDNA. 
– BCR-ABL1 replicate 2: detectable in 5 µl cDNA, estimated 3 
copies. 
– ABL1 replicate 1: 9000 copies in 5 µl cDNA. 
– ABL1 replicate 2: 8000 copies in 5 µl cDNA. 
 
Result = inevaluable for MR. 
 
Comment: Although the ((sum of BCR-ABL1)/(sum of reference 
gene)) × CF × 100 is o 0.01%, the sample should be considered as inevaluable for the assessment of MR as the ABL1 copy 
number in each replicate is <10000. 



SCORING MR WHEN DISEASE IS DETECTABLE (2)  

e14a2; 97% of CML patients) that use an external plasmid
calibrator to estimate numbers of target molecules.

REFERENCE GENES OTHER THAN ABL1
The published definitions of MR focus on the use of ABL1 as a
reference gene as this is used by the majority of laboratories
worldwide.15 Of the principal alternative reference genes,3 GUSB is
used by a significant minority of European laboratories, whereas
BCR is used primarily in Australasia and some US laboratories.
We have focused here on extending the MR definitions when
BCR-ABL1 is undetectable to include GUSB; further work will be
required to extend these definitions to include BCR.
To determine the correspondence between ABL1 and GUSB, we

collected data from three centers that routinely analyzed the
expression of both genes in parallel. We focused on CML samples
that were o10% BCR-ABLIS and had 410 000 ABL1 copies. Of
1567 samples, the median ratio of GUSB/ABL1 was 2.4 in the same
volume of cDNA and therefore we consider that, for the purpose
of defining deep MR, 10 000 ABL1 transcripts are equivalent
to 24 000 GUSB transcripts. The previously published15 definitions
of MR can therefore be expanded as follows:

● MR4 (⩾4-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.01% BCR-ABLIS or (ii) undetectable disease in cDNA
with 10 000–31 999 ABL1 transcripts or 24 000–76 999 GUSB
transcripts.

● MR4.5 (⩾4.5-log reduction from IRIS baseline) = either (i)
detectable disease ⩽ 0.0032% BCR-ABLIS or (ii) undetectable
disease in cDNA with 32 000–99 999 ABL1 transcripts or 77 000–
239 999 GUSB transcripts.

● MR5 (⩾5-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.001% BCR-ABLIS or (ii) undetectable disease in cDNA
with ⩾ 100 000 ABL1 transcripts ⩾ 240 000 GUSB transcripts.

Although GUSB laboratories may use these definitions,
we suggest that they should ideally derive their own correspon-
dence between ABL1 and GUSB (or other reference gene) using at
least 50–100 remission (o10% BCR-ABLIS) samples to derive their
own cutoffs for different MR levels. Before making this compar-
ison, the amplification conditions should be optimized and in
particular the amplification efficiency for the two genes should be
the same. This can be achieved easily for ABL1, GUSB and BCR (and
BCR-ABL1) using the ERM-AD623 plasmid.17 For laboratory-
developed tests, we further recommend that ERM-AD623 is used
directly as a qPCR calibrator for routine analysis or indirectly as a
calibrator for in-house plasmid dilutions.

DEFINING DETECTABLE AND UNDETECTABLE DISEASE
There are several ways in which testing laboratories differ in how
they define disease as detectable or undetectable. For individual
amplification reactions and runs, we recommend that the
established Europe Against Cancer criteria are used.18 In particular:

● The cutoff for positivity should correspond to a quantification
cycle (Cq) of intercept +1 (which should generally lead to
cutoffs of 41–42 Cq). In other words, samples with a Cq higher
than intercept +1 should be considered as undetectable.

● The ‘no-template control’ wells and reagent blanks should
ideally not cross the threshold at any point but should certainly
be at least 2 Cq above the intercept Cq for that run. If this is not
the case, then the run must be considered as failed.

A major variable between centers is the number of replicate
assays that are performed for each sample and the way that those
replicates are considered to yield the final result. Typically, both
BCR-ABL1 and the reference gene are tested in duplicate, although
some centers perform triplicate assays and some only perform
single assays. If replicate assays are performed for BCR-ABL1 (as
recommended from RNA19,20 or cDNA21 to help improve
the accuracy of results) and any of the individual replicates
are positive according to the criteria above, we recommend that
the final result is considered as positive, that is, detectable disease.
Even when testing in triplicate and two replicates are scored as
undetectable and one is scored as detectable, the overall result
should be scored as detectable or positive.
The Europe Against Cancer defines assay sensitivity by using

normalized copy number and ΔΔCt methods, both of which relate
the level of MRD to pretreatment levels for individual patients.22

This is not compatible with the IS in CML, which relates MRD levels
to the IRIS standardized baseline, and therefore an alternative
approach is required.

SCORING MR WHEN DISEASE IS DETECTABLE
In general, measurable residual disease23 should be assigned a
value on the IS and scored as MR4 if ⩽ 0.01% BCR-ABLIS, MR4.5 if
⩽ 0.0032% BCR-ABLIS, and so on, provided that the sample fulfils
the minimum quality criteria, that is, ABL1 ⩾ 10 000 or GUSB
⩾ 24 000 in each replicate.21 If replicate analyses are performed
and the values between replicates are comparable,21 then the
number of BCR-ABL1 and reference gene transcripts should be
the total value across replicates and the final result expressed on
the IS, that is, ((sum of BCR-ABL1 copies)/(sum of reference gene
copies))×CF× 100 (see examples 1–3). As the reference gene in
this context is used to estimate the amount of cDNA tested for
BCR-ABL1, any difference in the number of replicates performed
for BCR-ABL1 and the reference gene will need to be taken into
account (see example 4). In addition, we recommend that for
scoring MR4.5, the total reference gene number should be 32 000–
99 999 ABL1 transcripts or 77 000–239 999 GUSB transcripts
regardless of whether the disease is detectable or undetectable.
For scoring MR5, the total reference gene number should be ABL1
⩾ 100 000 or GUSB ⩾ 240 000 (Table 1; see example 5).
Many centres score positive samples with a Cq higher than that

of the lowest plasmid standard as ‘low-level positive’, positive
outside the quantifiable range, ‘o10 BCR-ABL1’, if the lowest
standard is 10, ‘o4 BCR-ABL1’, if the lowest standard is 4, and so
on. Indeed, some guidelines specifically recommend that values
should not be estimated if they require extrapolation beyond the

Table 1. Summary of reference gene numbers required for scoring deep molecular response

MR4 MR4.5 MR5

Minimum sum of reference gene transcripts irrespective of
whether BCR-ABL1 is detected or nota

10 000 ABL1
24 000 GUSB

32 000 ABL1
77 000 GUSB

100 000 ABL1
240 000 GUSB

BCR-ABLIS level for positive samplesb ⩽ 0.01% ⩽ 0.0032% ⩽ 0.001%

aNumbers of reference gene transcripts in same volume of cDNA that is tested for BCR-ABL1. The minimum number in any individual replicate should be
10 000 ABL1 or 24 000 GUSB. bProvided that the minimum reference gene copy numbers in the row above are fulfilled.
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Example 5 (Lab CF = 0.25): 
 
– BCR-ABL1 replicate 1: undetectable in 2 µl cDNA. 
– BCR-ABL1 replicate 2: detectable in 2 µl cDNA, estimated 3 
copies. 
– ABL1 replicate 1: 12 000 copies in 2 µl cDNA. 
– ABL1 replicate 2: 14 000 copies in 2 µl cDNA. 
 

Result = (sum BCR-ABL1 = 3)/(sum ABL1 = 26 000) × 0.25 × 100 = 
0.0029%; sum of ABL1 < 32 000 = MR4. 
 
Comment: Although the ((sum of BCR-ABL1)/(sum of reference 
gene)) × CF × 100 is < 0.0032%, the total ABL1 value is < 32 000 and 
should thus be considered as MR4. 



SCORING MR WHEN DISEASE IS UNDETECTABLE  

Leukemia advance online publication, 27 February 2015; doi:10.1038/leu.2015.29 

Example 9: 
 
– BCR-ABL1 replicate 1: undetectable in 5 µl cDNA.  
– BCR-ABL1 replicate 2: undetectable in 5 µl cDNA. 
– ABL1 replicate 1: 16 500 copies in 5 µl cDNA. 
– ABL1 replicate 2: 18 000 copies in 5 µl cDNA. 
 
Result = undetectable BCR-ABL1 in 34 500 ABL1 = MR4.5.  

e14a2; 97% of CML patients) that use an external plasmid
calibrator to estimate numbers of target molecules.

REFERENCE GENES OTHER THAN ABL1
The published definitions of MR focus on the use of ABL1 as a
reference gene as this is used by the majority of laboratories
worldwide.15 Of the principal alternative reference genes,3 GUSB is
used by a significant minority of European laboratories, whereas
BCR is used primarily in Australasia and some US laboratories.
We have focused here on extending the MR definitions when
BCR-ABL1 is undetectable to include GUSB; further work will be
required to extend these definitions to include BCR.
To determine the correspondence between ABL1 and GUSB, we

collected data from three centers that routinely analyzed the
expression of both genes in parallel. We focused on CML samples
that were o10% BCR-ABLIS and had 410 000 ABL1 copies. Of
1567 samples, the median ratio of GUSB/ABL1 was 2.4 in the same
volume of cDNA and therefore we consider that, for the purpose
of defining deep MR, 10 000 ABL1 transcripts are equivalent
to 24 000 GUSB transcripts. The previously published15 definitions
of MR can therefore be expanded as follows:

● MR4 (⩾4-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.01% BCR-ABLIS or (ii) undetectable disease in cDNA
with 10 000–31 999 ABL1 transcripts or 24 000–76 999 GUSB
transcripts.

● MR4.5 (⩾4.5-log reduction from IRIS baseline) = either (i)
detectable disease ⩽ 0.0032% BCR-ABLIS or (ii) undetectable
disease in cDNA with 32 000–99 999 ABL1 transcripts or 77 000–
239 999 GUSB transcripts.

● MR5 (⩾5-log reduction from IRIS baseline) = either (i) detectable
disease ⩽ 0.001% BCR-ABLIS or (ii) undetectable disease in cDNA
with ⩾ 100 000 ABL1 transcripts ⩾ 240 000 GUSB transcripts.

Although GUSB laboratories may use these definitions,
we suggest that they should ideally derive their own correspon-
dence between ABL1 and GUSB (or other reference gene) using at
least 50–100 remission (o10% BCR-ABLIS) samples to derive their
own cutoffs for different MR levels. Before making this compar-
ison, the amplification conditions should be optimized and in
particular the amplification efficiency for the two genes should be
the same. This can be achieved easily for ABL1, GUSB and BCR (and
BCR-ABL1) using the ERM-AD623 plasmid.17 For laboratory-
developed tests, we further recommend that ERM-AD623 is used
directly as a qPCR calibrator for routine analysis or indirectly as a
calibrator for in-house plasmid dilutions.

DEFINING DETECTABLE AND UNDETECTABLE DISEASE
There are several ways in which testing laboratories differ in how
they define disease as detectable or undetectable. For individual
amplification reactions and runs, we recommend that the
established Europe Against Cancer criteria are used.18 In particular:

● The cutoff for positivity should correspond to a quantification
cycle (Cq) of intercept +1 (which should generally lead to
cutoffs of 41–42 Cq). In other words, samples with a Cq higher
than intercept +1 should be considered as undetectable.

● The ‘no-template control’ wells and reagent blanks should
ideally not cross the threshold at any point but should certainly
be at least 2 Cq above the intercept Cq for that run. If this is not
the case, then the run must be considered as failed.

A major variable between centers is the number of replicate
assays that are performed for each sample and the way that those
replicates are considered to yield the final result. Typically, both
BCR-ABL1 and the reference gene are tested in duplicate, although
some centers perform triplicate assays and some only perform
single assays. If replicate assays are performed for BCR-ABL1 (as
recommended from RNA19,20 or cDNA21 to help improve
the accuracy of results) and any of the individual replicates
are positive according to the criteria above, we recommend that
the final result is considered as positive, that is, detectable disease.
Even when testing in triplicate and two replicates are scored as
undetectable and one is scored as detectable, the overall result
should be scored as detectable or positive.
The Europe Against Cancer defines assay sensitivity by using

normalized copy number and ΔΔCt methods, both of which relate
the level of MRD to pretreatment levels for individual patients.22

This is not compatible with the IS in CML, which relates MRD levels
to the IRIS standardized baseline, and therefore an alternative
approach is required.

SCORING MR WHEN DISEASE IS DETECTABLE
In general, measurable residual disease23 should be assigned a
value on the IS and scored as MR4 if ⩽ 0.01% BCR-ABLIS, MR4.5 if
⩽ 0.0032% BCR-ABLIS, and so on, provided that the sample fulfils
the minimum quality criteria, that is, ABL1 ⩾ 10 000 or GUSB
⩾ 24 000 in each replicate.21 If replicate analyses are performed
and the values between replicates are comparable,21 then the
number of BCR-ABL1 and reference gene transcripts should be
the total value across replicates and the final result expressed on
the IS, that is, ((sum of BCR-ABL1 copies)/(sum of reference gene
copies))×CF× 100 (see examples 1–3). As the reference gene in
this context is used to estimate the amount of cDNA tested for
BCR-ABL1, any difference in the number of replicates performed
for BCR-ABL1 and the reference gene will need to be taken into
account (see example 4). In addition, we recommend that for
scoring MR4.5, the total reference gene number should be 32 000–
99 999 ABL1 transcripts or 77 000–239 999 GUSB transcripts
regardless of whether the disease is detectable or undetectable.
For scoring MR5, the total reference gene number should be ABL1
⩾ 100 000 or GUSB ⩾ 240 000 (Table 1; see example 5).
Many centres score positive samples with a Cq higher than that

of the lowest plasmid standard as ‘low-level positive’, positive
outside the quantifiable range, ‘o10 BCR-ABL1’, if the lowest
standard is 10, ‘o4 BCR-ABL1’, if the lowest standard is 4, and so
on. Indeed, some guidelines specifically recommend that values
should not be estimated if they require extrapolation beyond the

Table 1. Summary of reference gene numbers required for scoring deep molecular response

MR4 MR4.5 MR5

Minimum sum of reference gene transcripts irrespective of
whether BCR-ABL1 is detected or nota

10 000 ABL1
24 000 GUSB

32 000 ABL1
77 000 GUSB

100 000 ABL1
240 000 GUSB

BCR-ABLIS level for positive samplesb ⩽ 0.01% ⩽ 0.0032% ⩽ 0.001%

aNumbers of reference gene transcripts in same volume of cDNA that is tested for BCR-ABL1. The minimum number in any individual replicate should be
10 000 ABL1 or 24 000 GUSB. bProvided that the minimum reference gene copy numbers in the row above are fulfilled.
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Example 13: 
 
– BCR-ABL1 replicate 1: undetectable in 5 µl cDNA. 
– BCR-ABL1 replicate 2: undetectable in 5 µl cDNA. 
– ABL1 replicate 1: 6000 copies in 5 µl cDNA. 
– ABL1 replicate 2: 14 000 copies in 5 µl cDNA. 
 
Result = inevaluable for MR. 
 
Comment: One replicate is <10000 ABL1 and hence the sample 
should be considered as inevaluable for MR. As the two ABL1 
replicates are discordant, the reference gene qPCR could be 
repeated. 
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Clear and concise reporting assists physicians in clinical decision making 

MODULE 4
A guide to the interpretation of ELN recommendations and how these can be reported

The response to TKI is the most important prognostic factor.2

The ELN recommendations response criteria aid physicians in identifying those patients likely to have the 
best long-term outcomes and those who may  benefit from a change in clinical management.2

Laboratories can play an important role in supporting physicians in interpreting individual results based 
on the recommendations; however, this should be discussed with the laboratory’s customers.  

Key Implementation Guidance Common Mistakes to Avoid

The chart shading represents optimal response per the ELN 
recommendations2 and differs dependent on line of therapy. The 
shading should be adjusted according to therapy start date and 
adhere to the following definitions.  
Note:  There is no equivalent definition for patients on third-line 
therapy, therefore for these patients the graph should not be shaded.
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Coefficient de variation sur l’IS-NCN: 100% 

MR3 

Zone grise : 
la prise en compte de l’incertitude de mesure 
liée à la méthode peut paradoxalement générer 
une certaine « variabilité » dans la 
détermination du statut MR3/MR4…. 

MR4 MR4,5 
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Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 



Détermination du statut MMR 
(MR3) : 
prise en compte de l’incertitude de mesure 
liée à la méthode 

Manuel du kit ipsogen BCR-ABL1 Mbcr IS-MMR DX 01/2013 v1 

Critères d’interprétation kit QIAGEN 



4.  DIFFÉRENCE ENTRE LABORATOIRE ACCRÉDITÉ 
ET LABORATOIRE STANDARDISÉ 

•  Laboratoire accrédité: certificat d’accréditation délivré en 
Belgique par BELAC, si respect norme ISO 15189 

ISO 15189 est une norme internationale publiée par l’ISO en 2012 qui 
spécifie les exigences de qualité et de compétence propres aux 
laboratoires de biologie médicale (LBM). Son titre est "Laboratoire de 
biologie médicale. Exigences concernant la qualité et la compétence » 

 
https://fr.wikipedia.org/wiki/ISO_15189 

ACCRÉDITATION  



http://www.chu.ulg.ac.be/jcms/c_3589182/accreditation 



LA STANDARDISATION « EUTOS » 

http://www.nature.com/leu/journal/v23/n11/abs/leu2009168a.html 

http://www.nature.com/leu/journal/v20/n11/full/2404388a.html 

STANDARDISATION 



STANDARDISATION EUTOS 
 

« Participation in samples exchanges with the Adelaide Laboratory 
was initially the only mechanism to determine a 
laboratory-specific conversion factor (CF) to the IS. In order 
that an accurate IS CF is derived and validated, the protocol 
involves exchanging 20–30 samples between the field laboratory 
and the Adelaide Lab. » 

Martin Luu and Richard D, Expert Rev. Mol. Diagn. 13(7), 749–762 (2013) 



Rationale: 
“A novel approach for standardizing BCR-ABL1 
quantification on the International Scale on behalf of the 
Belgian working group on BCR-ABL1 IS standardization’ by 
Maes et al. ”. The Journal of Molecular Diagnostics 
(submitted).  
 

« Deals with the problem of standardization of BCR-ABL1 
quantification, offering an alternative approach for calibration 
to the IS scale that is achievable by almost all laboratories. » 

5.  THE BELGIAN STANDARDIZATION PROJECT 



PRINCIPLES - STRATEGY 
•  UK NEQAS LI BCR-ABL1 quantification program; 
•  lyophilized cell line samples to over 100 laboratories every six 

months; 
•  Information on the 25th, 50th and 75th percentiles of BCR-ABL1/ABL1 

quantification converted using the International Scale (IS) in labs 
using ABL1 as control gene for 16 samples taken between March 
2011 and January 2014 (samples 110-125); 

•  Median IS BCR-ABL1 values ranging between 0.01 % and 5.33 %; 
•  Combined with BCR-ABL1/ABL1 and ABL1 quantifications from 11 

Belgian labs that use ABL1 as control gene; 
•  Performance of the selected CF validated on newly collected 

samples taken between March 2014 and January 2015 (samples 
126-131);  

•  For this validation, EQA results of 9 laboratories were available.  
•  Comparison of the selected CF with the CF obtained through 

commercial reference material (mostly Nanogen) available for five 
labs (labs 2, 3, 4, 8 and 12) using a Wilcoxon signed-rank test.   

 



DESCRIPTION OF PROPOSED 
CONVERSION FACTORS 
 
 
1.  Optimization of the RT-qPCR BCR-ABL1 flow with 

improvement of the RT step efficacy and increase of the 
LOD; 

2.  The first two CFs were defined as:  

 CF1 = mean(ratiolS)     

 and 

    CF2 = median (ratiolS), 
  with ratiolS= (medians/measurementIS) 

 



CONCLUSIONS: 
AIMS OF THE MEETING 

 

•  How is BCR-ABL1 mRNA Molecular monitoring performed at 
Unilab Lg in practice ? 

•  What’s should integrate a clear and concise molecular reporting 
to assist physicians in clinical decision making ? 

•  The Belgian BCR-ABL1 Standardization Project  

•  Milestones in CML monitoring & implications for the future  

 

	



RATIO BCR-ABL1/ABL1 IS 



LEUKEMIC BURDEN IN CML PATIENTS AT DIAGNOSIS AND TKI 
TREATMENT RESPONSE LANDMARKS DURING MONITORING 

USING CYTOGENETICS AND BCR–ABL RNA RQ-PCR 
STANDARDIZED TO THE INTERNATIONAL SCALE 

Martin Luu and Richard D, Expert Rev. Mol. Diagn. 13(7), 749–762 (2013) 



Time Optimal response Warning Failure

Baseline High risk
Major route CCA/Ph+

3 mos. BCR-ABLIS ≤10%*
Ph+ ≤35% (PCyR)

BCR-ABLIS >10%*
Ph+ 36-95%

No CHR*
Ph+ >95%

6 mos. BCR-ABLIS <1%*
Ph+ 0% (CCyR)

BCR-ABLIS 1-10%*
Ph+ 1-35%

BCR-ABLIS >10%*
Ph+ >35%

12 mos. BCR-ABLIS ≤0.1%* (MMR) BCR-ABLIS 0.1-1%* BCR-ABLIS >1%* 
Ph+ >0%

Then,
and at 
any time

MMR or better CCA/Ph- (-7, or 7q-) Loss of CHR
Loss of CCyR
Loss of MMR, confirmed**
Mutations
CCA/Ph+

UPDATE

2013

European LeukemiaNet Recommendations for
the Management of Chronic Myeloid Leukemia (CML)

Response definitions for any TKI first line,
and 2nd line in case of intolerance, all patients (CP, AP, and BC)

*and/or      **in 2 consecutive tests, of which one ≥1%        IS: BCR-ABL on International Scale

Treatment recommendations
Line Event TKI, standard dosage1 Transplantation

Chronic phase

Im
at

in
ib

 4
00

 m
g/

qd

N
ilo

ti
ni

b 
30

0 
m

g/
bi

d

D
as

at
in

ib
 1

00
 m

g/
qd

Bo
su

ti
ni

b 
50

0 
m

g/
qd

Po
na

ti
ni

b 
45

 m
g/

qd

Search for alloSCT
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1st Baseline X X X X2

2nd Intolerance to 1st TKI Any other TKI 
approved 1st line

Failure 
1st line of

imatinib X8 X X X X

nilotinib X X X X X X

dasatinib X8 X X X X X

3rd Intolerance to / failure of two TKI Any remaining TKI X

Any T315I mutation X X X X

Accelerated or blast phase

In newly diagnosed,
TKI naïve patients

start with X3 X4 X X

no optimal 
response, BP X7 X5

TKI pre-treated patients Any other TKI X6 X7 X5

1choice of the TKI consider tolerability and safety, and patient characteristics (age, comorbidities), 2only in case of baseline war-
nings (high risk, major route CCA/Ph+), 3400 mg/bid, 470 mg/bid or 140 mg/qd, 5may be required before SCT to control disease 
and to make patients eligible to alloSCT, 6in case of T315I mutation, 7only patients who are eligible for alloSCT, not in case of 
uncontrolled, resistant BP, 8400 mg bid in failure setting                                                          qd: Once daily     bid: Twice daily
References: 1. Baccarani M, Deininger M, Rosti G, et al. European LeukemiaNet recommendations for the management of chronic myeloid leukemia: 
2013. Blood 122:872-884, 2013. 2. Baccarani M, Cortes J, Pane F, et al. Chronic myeloid leukemia. An update of concepts and management Recom-
mendations of the European LeukemiaNet. J Clin Oncol. 27:6041-51, 2009. 3. Baccarani M, Sagio G, Goldman J, et al: Evolving concepts in the ma-
nagement of chronic myeloid leukemia: recommendations from an expert panel on behalf of the European LeukemiaNet. Blood 108:1809-1820, 2006.

Rapports de PCR quantitative 
BCR-ABL1: buts ? 



MERCI POUR VOTRE 
ATTENTION 



QUESTIONS ? 

https://www.google.be/search?q=etages&source=lnms&tbm=isch&sa=X&ved=0ahUKEwiQw_PYuuDKAhXJbBoKHXFQACUQ_AUIBygB&biw=1920&bih=899#tbm=isch&q=open+mind&imgrc=khYNFLB5AGcuHM%3A 


