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Unification of all preanalytic and analytic steps ? 
(RNA extraction, cDNA synthesis, PCR protocol, 
housekeeping gene, evaluation method)

give up established methods

Use of a uniform plasmid as external control ?  
(housekeeping gene)

Adaptation to the `International Scale´ by 
sample exchange with standardized lab ?                         
(no change of established methods necessary)

Standardization - how ?

degree of 
freedom
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b3a2 BCR-ABL GUS
Exons b1-a4       815 bp Exons 10-12       487 bp

pCR 2.1-TOPOR Vector
~3900 bp

AGAAACGTTCTGGTCTGCCGTGAACAGTCCAGGAGGCACTTGTTCTGCTGCTGTGGAAGTCGCC
CTGACTCGGGGAGGAAGGGACACGCAGGTGGTATCAGTCTTGCTCAAGTAAACAGGCTGTTTTC
CAAACATTGTGACTTGGCTACTGAGTGGGGATACCTGGTTTCATTGGCAATCTTCCAGTATCTC
TCTCGCAAAAGGAACGCTGCACTTTTTGGTTGTCTCTGCCGAGTGAAGATCCCCTTTTTATTCC
CCAGCACTCTCGTCGGTGACTGTTCAGTCATGAAATCGGCAAAATTCCAAATGAGCTCTCCAAC
CACGTATTTTCTGCGTTTTTGATCCAGACCCAGATGGTACTGCTCTAGCAGACTTTTCTGGTAC
TCTTCAGTGAACATCAGAGGTGGATCCTGGTGAAACCCTGCAATCGTTTCTGCTCCATACTCGC
TCTGAATAATGGGCTTCTGATACTTCTTATACCAGTTCT

Exon 11

Exon 10

Exon 12

AATGAGCTCTCCAACCACGTATTTTC

CCGAGTGAAGATCCCCTTTTTA GTGAAACCCTGCAATCGTTTCT

TaqMan

LightCycler

101 bp

205 bp

ENR1162

ENR1162

ENF1102

GUS10-LC

Construction of a new plasmid (pME-2)

CCGAGTGAAGATCCCCTTTTTA
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CV 0.62

37 international labs using uniform plasmid (pME-2)

Müller et al., Leukemia 2008
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We propose that the value corresponding to a MMR in each 
laboratory be mathematically converted to 0.1%
(reduction of 3 log from baseline of 100%).

Therefore the International Scale (IS) will be fixed to an 
absolute value as defined in the IRIS trial.

History: the mean BCR-ABL expression of 30 early 
diagnosed CML patients in the year 2000 (start of IRIS study) 
was mathematically converted to 100% in each of the three 
participating laboratories.

Benefit: no adaptation of methods necessary

Proposal for the expression of results
Hughes et al., Blood 2006
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Quality control samples have been shown to be stable since 
2001.

Stability of the RQ-PCR system in Adelaide
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Transmission of conversion factors to 38 laboratories 
worldwide, validation in 19 laboratories to date. 

Worldwide distribution of the 
“International Scale”

Branford et al., Blood 2008



14

Two methods with optimal agreement of results
The bias is close to zero

Worldwide distribution of the 
“International Scale”

Branford et al., Blood 2008
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Round 1: patient samples (n=20) have been sent to the 
central lab

After processing, results were plotted against each other 
and conversion factors were calculated applying the 
Bland-Altman bias method

Round 2: evaluation of a new series of patient samples 
(n=30) after 7 months

Conversion factors from round 1 were applied and the bias 
was calculated using Bland-Altman for validation

Worldwide distribution of the 
“International Scale”

Branford et al., Blood 2008
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Branford et al., Blood 2008

Round 1: CF calculation Round 2: CF validation
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X-fold Average Difference between Reference Lab and Participating Labs

before 
conversion

after 
conversion

Desirable criteria: average difference within +/- 1.2-fold
95% limits of agreement within +/- 5-fold
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Performance Characteristics translate into MMR concordance

Desirable criteria: average difference within +/- 1.2-fold
95% limits of agreement within +/- 5-fold



Subproject Molecular Monitoring
Nomination of 28 national reference laboratories

Aim: to cover Europe with competence in 
standardized BCR-ABL monitoring
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How to transmit the `International Scale´
in Europe?

Lab A (central lab, approved CF) 
Lab B (participating lab)

Two major ways to align results between two labs:

1)    Send `reference material´ from lab A to lab B 
which has been adequately characterized in lab A

align results

2) Send aliquots of patient samples from lab B to lab A
align results
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Status of CF validation in national reference laboratories (n=28)

Dr. Nancy BoeckxLeuvenyesBelgium (Dutch part)

Prof. Nick Cross / Dr. Helen WhiteSouthamptonyesUK, + Ireland

Prof. Ugur ÖzbekIstanbulyesTurkey

Dr. Elisabeth Oppliger-LeibundgutBernyesSwitzerland

Dr. Dolors ColomerBarcelonayesSpain

Dr. Tadej PajicLjubljanayesSlovenia

Prof. Anna Turkina / Dr. Andrey MisyurinMoscowyesRussia

Prof. Zaritzky / Dr. Michael Dubina  St. PetersburgnoRussia

Dr. Daniel Coriu / Dr. Rodica TalmaciBucharestyesRomania

Dr. Maria Gomes SilvaLissabonyesPortugal

Dr. Tomasz SachaKrakowyesPoland

Prof. Cornelissen / Dr. Peter ValkRotterdamyesNetherlands, + Luxembourg

Prof. Laimonas Griskevicius / Dr. Mindaugas StoskusVilniusnoLithuania, for Baltic states

Prof. Giuseppe Saglio / Dr. Enrico GottardiTurinyesItaly

Prof. Arnon NaglerTel-HashomeryesIsrael

Dr. Hajnalka AndrikovicsBudapestyesHungary

Dr. Katerina ZoiAthensyesGreece, + Cyprus

Prof. Andreas Hochhaus, Dr. Martin MüllerMannheimyesGermany

Dr. Jean-Michel CayuelaParisyesFrance

Prof. Indrak/ Dr. RohonOlomoucyesfor the Slovak republic

Dr. Katerina Machova / Dr. Jana RulcovaPragueyesCzech Republic

Prof. Renata ZadroKBC Rebro, ZagrebyesCroatia, +Bosnia, Serbia, Albania, Macedonia

Prof. Philippe Martiat / Dr. Hakim El HousniBrusselsyesBelgium (French part)

Prof. Gerlinde Mitterbauer-HohendannerViennayesAustria

Dr. Hans BoströmUppsalayes(Nordic) Sweden

Dr. Franz Gruber / Aleksandra SilyeTromso/Osloyes(Nordic) Norway

Dr. Veli Kairisto, Dr. Vesa JuvonenTurkuyes(Nordic) Finland

Dr. Charlotte Nyvold / Lykke GrubachAarhus(Nordic) Denmark

ResponsibleTownvalidatedCountry

yes
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UK

Centers with validated CF (no reference laboratories, n=23)

Prof. Christian ThiedeDresdenyesGermany

Dr. Vincent van der VeldenRotterdamyesThe Netherlands

Dr. Jeroen JanssenAmsterdamyesThe Netherlands

Dr. Josep NomdedeuBarcelonayesSpain

Prof. Fabrizio PaneNaplesyesItaly

Prof. Giovanni MartinelliBolognayesItaly

Prof. Konstanze DöhnerUlmyesGermany

Dr. Utz KrugMünsteryesGermany

Dr. Susanne SchnittgerMünchenyesGermany

Dr. Thoralf LangeLeipzigyesGermany

Dr. Martin RoskosJenayesGermany

Dr. Christiane PottKielyesGermany

Dr. Nils von NeuhoffHannoveryesGermany

Dr. Philippe SchafhausenHamburgyesGermany

Dr. Heike PfeiferFrankfurtyesGermany

Dr. Frank NeumannDüsseldorfyesGermany

Prof. Jean GabertMarseilleyesFrance

Dr. Sandrine HayetteLyonyesFrance

Prof. Claude PreudhommeLilleyesFrance

Prof. Francois-Xavier MahonBordeauxyesFrance

Prof. Jiri MayerBrnoyesCzech Republic

Prof. Thomas LionViennaAustria

ResponsibleTownvalidatedCountry

yes

yes London Prof. Letizia Foroni


