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Traceability in laboratory medicine : regulatory driversTraceability in laboratory medicine : regulatory drivers

In vitro diagnostic Directive on medical devices 98/79/EC

« The traceability of values assigned to calibrators and/or control 
materials must be assured through available reference measurement 
procedures and/or available reference materials of a higher order »

Reform of medical biology in France
By 2016-2020, accreditation according to ISO 15189 will become 
mandatory for ALL clinical laboratories (both public and private)

ü Development of reference methods for the main biomarkers used in 
clinical biology : creatinine, glucose, HbA1c, TCh, LDL-C, HDL-C, TG, …

ü Production of Certified Reference Materials

ü Assignment of reference values to calibration & quality control materials
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WhyWhy reliablereliable lipidlipid / / lipoproteinlipoprotein testingtesting isis importantimportant

Lipid profile : Total Cholesterol + LDL-C + HDL-C + Triglycerides

ü Assessment of CVD risk

ü 7th most common analysis performed in 
French clinical labs (16 million tests / year) 

ü 2nd most expensive analysis for the 
French health insurance (> 150M€ / year)

ü Costs related to reimbursement of statins > I B€ / year

ü French court of auditors shown that 500M€ could 
be saved with a better therapeutic management
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à Need for reliable diagnostic tests 
… and efficient quality assessment 

surveys to ensure post-market Vigilance



LNELNE’’s s activitiesactivities in in lipidlipid//lipoproteinlipoprotein testingtesting

ü Validation of higher order reference methods
1/ Publication of method(s) validation in peer review journals
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LNELNE’’s s activitiesactivities in in lipidlipid//lipoproteinlipoprotein testingtesting

ü Validation of higher order reference methods
1/ Publication of method(s) validation in peer review journals

2/ Participation to international comparisons (CCQM, IFCC RELA)

2013 CCQM comparison on TCh
(National Metrology Institutes)

2011 IFCC RELA comparison on TCh
(Reference Laboratories only)
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LNELNE’’s s activitiesactivities in in lipidlipid//lipoproteinlipoprotein testingtesting

ü Validation of higher order reference methods
1/ Publication of method(s) validation in peer review journals
2/ Participation to international comparisons (CCQM, IFCC RELA)
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4/ LNE recognized as Reference measurement service by the JCTLM
3/ Accreditation according to ISO 17025 and ISO 15195  



Assignment of reference values to PT materialsAssignment of reference values to PT materials
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Measurement error sources

- Random analytical  
variation within runs

- Random variation 
between runs

- Bias of the method

WhyWhy commutabilitycommutability mattersmatters
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Lyophilized Vs Frozen serum

v To rigorously assess field methods trueness,
PT samples should be commutable!

v Calibrators should also be commutable, 
otherwise, the traceability chain is broken!

v As a material can be commutable for a given 
method but not for another one, commutability
should be evaluated for ALL field methods !
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LNELNE’’s s commutabilitycommutability studystudy

ü LNE’s candidate CRMs : LNE CRM BIO 101a

à The 1st French CRM for clinical biochemistry markers
à 2 pools of Human Frozen serum (1000 x 1mL each)
à Prepared according to NCCLS-C37A @ Solomon Park
à 2 levels of concentration (one low, one high) 
à Glucose, creatinine, TCh, LDL-C, HDL-C & TG
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ü 9 PT samples from various EQAS
- 5 PT samples from the French mandatory EQAS (Lyophilized serum)
- 3 PT samples from an EQAS in Singapour (Frozen serum - NCCLS C37-A)
- 1 PT sample from a French voluntary EQAS (Frozen serum)

Objective : Qualify 2 candidate CRMs and 9 PT samples
intended to be used as trueness controls

Commutability assessed for the most popular methods à 37 clinical labs
7 Roche Cobas, 6 Siemens Vista, 6 Abbott Architect, 5 Beckman DxC, 3 Ortho-CD 
Vitros, 3 Beckman AU, 2 Siemens Advia, 2 Roche Modular, 2 Thermo KoneLab



CommutabilityCommutability assessmentassessment accordingaccording to CLSI Cto CLSI C--53A53A

CLSI C53A Guidelines : analyze with 2 different methods the samples whose
commutability should be assessed along with at least 20 native samples

1) Native samples à Linear regression à 95% prediction interval
2) Sample is commutable if it falls within the prediction interval
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StudyStudy design : participants, design : participants, samplessamples and and logisticslogistics
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LNE

Clinical
Lab Ai

-30°C

Native        
samples       

Tested 
materials

HSA CTCB LNE

ANSM

1/ CRMs & PT samples shipped to 
Group A labs that had to :

2/ Select 21-25 fresh clinical samples
that were collected the same day 
(as function of their concentration),

3/ Aliquote serum into 3 fractions, 
4/ Analyze all samples in triplicate 

in the same analytical run,

-30°C

Clinical
Lab Bi

+4°C

5/ Ship back all materials to LNE 
and to Lab B for analysisX15

Design 1 : 15 Pairs of laboratories (15 group A + 15 group B)

Ø Commutability assessed for only 2 methods at the same time
à Need to involve a high number of laboratory pairs : labor intensive

Ø Participants didn’t analyze the same set of clinical samples 
à Potential troubles when it comes to compare results together



StudyStudy design : participants, design : participants, samplessamples and and logisticslogistics
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Design 2 : 1 Group A lab + 3 Group B labs + 3 Group C labs 

LNE
Lab A1
Siemens 

Advia

Lab B1
Abbott

Lab B2
Beckman DxC

Lab B3
Roche Cobas

TSE

Lab C1
Beckman AU

Lab C2
Thermo

Lab C3
Siemens Vista

-30°C +4°C

+4°C

+4°C

+4°C

TSE

-30°C -30°C

-30°C

-30°C

+4°C

+4°C

+4°C

-30°C

Multiplexing commutability : simultaneous assessment of 

11 materials, 5 parameters, 7 manufacturers

Limitations : sample volume available, tricky logistics



LNELNE’’s s commutabilitycommutability studystudy : the : the exampleexample of of TChTCh
Cholestérol total 

y = 0.9816x + 0.0572
R2 = 0.9976
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Labo B Vref (mM) [CT] (mM) Biais (%)
LNE 1 3,62 3,74 3,3%
LNE 2 5,96 6,07 1,9%
LNE 3 3,62 3,79 4,8%
LNE 4 5,96 6,05 1,6%

A 3,49 3,35 -3,9%
B 3,47 3,26 -6,1%
C 6,94 6,65 -4,2%
D 4,62 4,79 3,7%
E 4,01 4,15 3,5%
F 6,12 6,23 1,8%
G 2,90 2,92 0,9%

Cholestérol total

Bias observed on frozen
and lyophilized materials

can be very different !

Lyophilized materials very often had a lower commutability
level compared to Frozen materials, especially those

prepared according to NCCLS C37-A
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Data Data analysisanalysis
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IDMS

Routine 
method

CRM

25 native samples 
(authentic clinical specimens :  

not frozen, not pooled, no 
preservative added)

Step 1 : Linear regression à Generalized Least Squares (XLGenLine)



CRout_Mod

Data Data analysisanalysis
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IDMS

Routine method

Step 2 : Determination of the matrix bias associated with the CRMs

CIDMS_Obs
(not affected

by matrix
effects!)

CRout_Obs

MATRIX
BIAS

à What is the maximum allowable matrix bias for a material to be
considered commutable? à Determination of confidence intervals

CRout_Mod  is computed from
the regression model by 

« simulating » matrix effects
on the IDMS value. 

CRout_Mod is the modelized
value that should be

measured by the field
method if the sample was
« perfectly » commutable.

CRM



Data Data analysisanalysis
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IDMS

Routine 
method

uIDMS_Obs

Step 3 : Determination of the acceptance criterion for commutability

↓
uRout_Mod

CRout_Mod

CIDMS_Obs
Uncertainty associated 

with the regression model

Uncertainty associated 
with the precision of the 

IDMS reference value

CRM

Uncertainty associated with 
the theoretical routine value
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IDMS

Routine
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Step 3 : Determination of the acceptance criterion for commutability
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Determination of the matrix
bias of each INDIVIDUAL 

native sample and the 
associated uncertainty : 
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Relative
UCI

normalized to  
CRout_Mod

ExamplesExamples : : TChTCh

Maximum bias recommended by the NCEP :  3%

UCI

UCI



ExamplesExamples : TG: TG

NCEP criterion: 5%

à acceptance criteria should be defined
according to the intended use of materials



The importance of The importance of usingusing referencereference methodsmethods
B

Non commutable
for A, for B … 

or none of them?

??

Commutable for
A and for B …

or non of them?

Field method A
à It is highly desirable to analyze native samples with a reference method

that is not sensitive to matrix effects, otherwise matrix effects can either
compensate or cumulate each other à misleading conclusions
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Field method B

à When such methods exist (eg. IDMS) : huge amount of work for a ref lab
(400 samples received x 5 parameters = 2000 reference measurements!!)

à When they don’t exist à pair-wise comparisons between field methods only



PairPair--wisewise comparisonscomparisons betweenbetween fieldfield methodsmethods

Pair-wise comparisons
between field methods only

à Need to have the 
highest possible number 
of methods combinations
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ExamplesExamples : LDL: LDL--CC

22

NCEP criterion: 4%



ExamplesExamples : HDL: HDL--CC
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NCEP criterion: 5%

v Large confidence intervals à materials found commutable too easely?
v Maybe but more stringent acceptance criteria would result in a high 

number of native samples to be found non-commutable !!



SelectingSelecting representativerepresentative clinicalclinical samplessamples
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Non-diseased
Diseased

Even for individual methods, 
huge sample-specific effects 

observed on NATIVE SAMPLES 
(commutable by definition!)



SelectingSelecting representativerepresentative clinicalclinical samplessamples

LNE1 LNE2
v Biais measured on different  

native samples can vary a lot!
à need to estimate trueness   

with more than one PT sample!

Non-diseased
Diseased

EMRP Project 

v These results highlight lack of 
specificity of methods and/or 
a problem of standardization :

All methods don’t  
measure the same thing!

à Need for advanced analytical
techniques to better understand 
what methods really measure!
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Thank you for your attention
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Contact : vincent.delatour@lne.fr


