AR
r
m

Commutability studies
undertaken by the LNE :
the case of lipid and
lipoprotein testing

Vincent Ddatour, PhD

MEASUREMENT
STANDARDS

Keys to COMPETITIVENESS
and A SAFER WORLD




Traceability in laboratory medicine : regulatory drivers ' LNE

Reform of medical biology in France

By 2016-2020, accreditation according to I1ISO 15189 will become
mandatory for ALL clinical laboratories (both public and private)

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 »

U Development of reference methods for the main biomarkers used in
clinical biology : creatinine, glucose, HbAlc, TCh, LDL-C, HDL-C, TG, ...

U Production of Certified Reference Materials

U Assignment of reference values to calibration & quality control materials



Why reliable lipid / lipoprotein testing is important LNE

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

. phosphalid triacylglycerol

manolayer

U Assessment of CVD risk

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

U 2"9 most expensive analysis for the
cholestaryl asters
French health insurance (> 150M€ / year) s (unestered

cholestarol

U Costs related to reimbursement of statins > 1 B€/ year

U French court of auditors shown that 500M€ could
be saved with a better therapeutic management

a Need for reliable diagnostic tests
... and efficient quality assessment
surveys to ensure post-market Vigilance

L >
rr:; ] & . i

-y
- "J 3



LNE’s activities in lipid/lipoprotein testing LNE

U Validation of higher order reference methods

1/ Publication of method(s) validation in peer review journals

Clinical Biochemistry 46 (2013) 359-364

- - - - - l M CLINICAL
Contents lists available at SciVerse ScienceDirect BIOCHEMISTRY

|
Clinical Biochemistry

journal homepage: www.elsevier.com/locate/clinbiochem

Validation of a reference method for total cholesterol measurement in human serum
and assignation of reference values to proficiency testing samples

Maud Heuillet ?, Beatrice Lalere ¢, Maryline Peignaux ?, Jacques De Graeve °, Sophie Vaslin-Reimann ?,
Jean-Paul Pais De Barros €, Philippe Gambert €, Laurence Duvillard €, Vincent Delatour **

* Laboratoire National de Métrologie et d'Essais (LNE), Department of Biomedical and Organic Chemistry, 1 Rue Gaston Boissier, Paris, France

b Laboratoire de Biochimie, University Hospital of Rangueil — Larrey, Toulouse, France
¢ Institut National de la Santé et de la Recherche Médicale Unité 866, Université de Bourgogne, Faculté de Médecine, Dijon, France
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U Validation of higher order reference methods

LNE’s activities in lipid/lipoprotein testing

- LNE

1/ Publication of method(s) validation in peer review journals
2/ Participation to international comparisons (CCQM, IFCC RELA)

2011 IFCC RELA comparison on TCh
(Reference Laboratories only)
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LNE’s activities in lipid/lipoprotein testing < LNE

U Validation of higher order reference methods

1/ Publication of method(s) validation in peer review journals
2/ Participation to international comparisons (CCQM, IFCC RELA)

3/ Accreditation according to 1ISO 17025 and ISO 15195
4/ LNE recognized as Reference measurement service by the JCTLM

Database of higher-order reference materials, CTLM
measurement methods/procedures and services J

JCTLM Database
Bureau Infernational des Poids el Mesures Laboralory medicine and in vifro diagnoslics

LNE, France

Phone: <33 (0] 140 £34 075 Contact person: Dr Vincent DELATOUR
Fax: +33 (0} 140 433 737 Email: vincent.delatourZine.fr

Web: http:/wew.Ine fr

total cholesterol

LECHEIT N S Gd blood serum, calibration solution

Applicable material or matrix Iw:luphilized, fresh, or frozen human serum, calibration
solution

Ameunt-of-substance concentration
Service measurement range [N AR GEE NS

Expanded uncertainty | <00
ST R LR LY Y The expanded uncertainty is relative.

T E ELLT AT DT T T TR EL DN RELA - IFCC External Quality assessment scheme for
[, —11|*H Reference Laboratories in Laboratory Medicine at

http://www.dgkl-rfb.de:81/index.shtml

Measurement principle | ool




Assignment of reference values to PT materials . LNE

European standard HEEN IS0/ 15156
ugust 2007
French standard

Classification index: S 92-060

Medical laboratories

Particular requirements
for quality and competence

9 Technical requirements
5.6 Assuring quality of examination procedures

5.6.3 A programme for calibration of measuring systems and verification of trueness shall be designed and
performed so as to ensure that results are traceable to Sl units or by reference to a natural constant or other
stated reference. Where none of these is possible or relevant, other means for providing confidence in the
results shall be applied, including but not limited to the following:

5.6.4 The laboratory shall participate in interlaboratory comparisons such as those organized by external
quality assessment schemes. Laboratory management shall monitor the results of external quality
assessment and participate in the implementation of corrective actions when control criteria are not fulfilled.
Interlaboratory comparison programmes shall be in substantial agreement with ISO/IEC Guide 43-1.

External quality assessment programmes should, as far as possible, provide clinically relevant challenges that
mimic patient samples and have the effect of checking the entire examination process, including pre- and
post-examination procedures.
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Why commutability matters / LNE

ecart IDMS (%)

e
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Spectro- phenol Non phenol

reflectometry Spectrophoto. Spectrophoto.

A
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Lyophilized Vs Frozen serum

Do

Measurement error sources

- Random analytical
variation within runs

- Random variation
between runs

- Bias of the method

OCOIT-4m<Z

- Sample-specific error
SAMPLE

Vv To rigorously assess field methods trueness,

PT samples should be commutable!

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

Vv As a material can be commutable for a given
method but not for another one, commutability

O
llik

should be evaluated for ALL field methods !
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LNE’s commutability study . LNE

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

U LNE's candidate CRMs : LNE CRM BIO 101a

a The 1st French CRM for clinical biochemistry markers
a 2 pools of Human Frozen serum (1000 x 1mL each)

a Prepared according to NCCLS-C37A @ Solomon Park
a 2 levels of concentration (one low, one high)

a Glucose, creatinine, TCh, LDL-C, HDL-C & TG

U 9 PT samples from various EQAS

- 5PT samples from the French mandatory EQAS (Lyophilized serum)
- 3PT samples from an EQAS in Singapour (Frozen serum - NCCLS C37-A)
- 1 PT sample from a French voluntary EQAS (Frozen serum)

Commutability assessed for the most popular methods a&a 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 KonelLab
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Commutability assessment according to CLSI C-53A LNE

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

50
Deming Regression Line
]
40 1 95% Prediction Interval
.
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‘o .). A Commutable

e Native Clinical Samples
m Reference Materials
D I T T T T T
0 5 10 15 20 25 30 35 40 45 50

Method MA Result
1) Native samples a Linear regression a 95% prediction interval
2) Sample is commutable if it falls within the prediction interval
W ™
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Study design : participants, samples and logistics LNE

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

1/ CRMs & PT samples shipped to
30°C Group A labs that had to :

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

Clinical
Lab A

=<1 3/ Aliquote serum into 3 fractions,
+4°C

Y 4/ Analyze all samples in triplicate
Clinical in the same analytical run,
=E1D 2 5/ Ship back all materials to LNE
X15 and to Lab B for analysis fisa CIcE LS ﬁ

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

@ Participants didn’t analyze the same set of clinical samples
a Potential troubles when it comes to compare results together
) &5
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Study design : participants, samples and logistics LNE

Design 2 : 1 Group A lab + 3 Group B labs + 3 Group C labs

Lab B1 : Lab C1
-30°C +4°C Abbott +4°C | Beckman AU
Lab Al
Siemens TSE Lab B2 Lab C2
-30°C Advia +4°C Beckman DxC | +4° Thermo

-30°C

Multiplexing commutability : simultaneous assessment of
11 materials, 5 parameters, 7 manufacturers

Limitations : sample volume available, tricky logistics



Cholesterol Concentration (mM) METHOD B

LNE's commutability study : the example of TCh LNE
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Cholestérol total
Vref (mM) | [CT] (mM)

Biais (%)

Bias observed on frozen

and lyophilized materials
can be very different !

Cholesterol Concentration (mM) METHOD A

Lyophilized materials very often had a lower commutability
level compared to Frozen materials, especially those
prepared according to NCCLS C37-A




Data analysis LNE

Step 1: Linear regression a Generalized Least Squares (XLGenLine)
IDMS
A

25 native samples

o (authentic clinical specimens :
not frozen, not pooled, no
preservative added)

Routine
method

>



Data analysis LNE

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

IDMS
A
Crout Mod IS COMputed from
the regression model by
C CRM , « simulating » matrix effects
( '[t)';/]lf_?ezs '--'}'""I ““““ | on the IDMS value.
no ec °
by matrix : | Crout Mod IS the modelized
effects!) : ol value that should be

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

MATRIX

v
:
|
BIAS "

<

» Routine method
CRout_Obs CRout_M od

a What is the maximum allowable matrix bias for a material to be

considered commutable? &a Determination of confidence intervals



Data analysis

/ LNE

Step 3 : Determination of the acceptance criterion for commutability
IDMS
A

Cioms obs
Ubms obs]

Uncertainty associated
with the regression model

Uncertainty associated
with the precision of the
IDMS reference value

G
?;111 '

! y Routine
method

Uncertainty associated with
Uzout Mod  the theoretical routine value



Data analysis - LNE

Step 3 : Determination of the acceptance criterion for commutability

4 DMS Determination of the matrix
bias of each INDIVIDUAL
native sample and the

associated uncertainty :
uMBi

(native sample i)

Uuncertainty associated with
the mean matrix bias of the
OVERALL SET of native samples

MATRIX

COF---Y-______|-

|

|

¢

- BIAS Routine

| method U matrix bias —

' : : > (?cf the overall ?et

CROU’[_ObS ROUt_M od of native samples)
Rout Mod
. . e
Expanded uncertainty associated U. =k’ mw
with the modelized value Cgy yoq Cl : d
" ?‘T-, « Global » «local »

U
component component



Examples : TCh LNE

0CS HELNE1 ¢LNEZ2

g -
g 7
£
2 .
2
g 5
8
5
= 4 y= 1I£2=87x-0.1335 Relative
s _ UCI=27% UC|
3 normalized to
3 4 S 6 7 CRout_Mod
Total Cholesterol - Semens Advia (A20) (mmol/L)
. Maximum bias recommended by the NCEP : 3%
X



Examples : TG LNE

0CS ®mLNE1 ¢LNE2

4.2

TG- IDMS (mmol/L)
N w
N N

—
N

y = 1.0658x + 0.0368
R2 =
UCI=77%

0.2
0.2

NCEP criterion: 5%
1.2 2.2 3.2 4.2

TG- Konelab (C21) (mmol/L)

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



The importance of using reference methods

Field method B
A

Commutable for

A and for B ... L
or non of them? .

Non commutable
s for A, for B ...

or none of them?
- >

Field method A

LNE

a 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 & misleading conclusions

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

a When they don’t exist & pair-wise comparisons between field methods only
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: ) ) : 75
Pair-wise comparisons between field methods ¢ LNE

La gragrién, nac prasian i partapr

C-HDL C-LDL
vz x oX |52 |SH|BX|SA| ox | MW

sB| cx |S0 | cx | @

Pair-wise comparisons
between field methods only

a Need to have the
highest possible number

of methods combinations
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LDL-C - Roche Cobas (A9) (mmol/L
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Examples : LDL-C { LNE

oCS mLNE1 ¢LNE2

y =1.0169x - 0.0929

R2 = 88
UCI=86%

o
o

NCEP criterion: 4%
1.5 2.5 3.5 4.5

LDL-C - Beckman DxC (B9) (mmol/L)



Examples : HDL-C LNE

oCS mLNE1 LNE2

) ° -
X .
It
(7p]
2 1.2
é
'r7I§ 0.8
O y=1.1801x - 0.1184
g - ‘ R2=0.9311
P UCI=9.9%
0.4 NCEP criterion: 5%
0.4 0.8 1.2 1.6

HDL-C - Abbott (B3) (mmol/L)

Vv Large confidence intervals & 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 !!
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Selecting representative clinical samples

Clinical Chemistry 56:6
977-986 (2010)

Kyowa - RMP, % difference

Lipids, Lipoproteins, and Cardiovascular Risk Factors

Seven Direct Methods for Measuring HDL and LDL
Cholesterol Compared with Ultracentrifugation Reference

Measurement Procedures

W. Greg Miller,’ Gary L. Myers,? Ikunosuke Sakurabayashi,? Lorin M. Bachmann,' Samuel P. Caudill,?
Andrzej Dziekonski,' Selvin Edwards,2 Mary M. Kimberly,2 William J. Korzun," Elizabeth T. Leary,*
Katsuyuki Nakajima,® Masakazu Nakamura,® Géran Nilsson,” Robert D. Shamburek,® George W. Vetrovec,'

G. Russell Warnick,® and Alan T. Remaley®

mg/dL 39 7 116 155 193 232 271 309
100
80 B Non-diseased
. ¢ Diseased
60
40 *
20 so P
RS ":o-. * r. X .."
. - :. :O ha S L .::‘l{ Pt v om. e
_20 . o 4 . . .
P *  Even for individual methods,
0 +  huge sample-specific effects
@D observed on NATIVE SAMPLES
* ./ S I
ol (cemmutable by definition!)
0 1 2 3 4 5 G 7 8

LDL-C RMP, mmol/L
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Kyowa - RMP, % difference

Selecting representative clinical samples « LNE

mg/dL 39 I_?I_{IEl 116 LNE1255
100 . I v Biais measured on different
ag | ™ Non-diseased | ! native samples can vary a lot!
¢ Diseased | . a need to estimate trueness
o0 ! ! with more than one PT sample!
0 — : v These results highlight lack of
20 ' : specificity of methods and/or
3 a problem of standardization :
0 |
. All methods don'’t
-20 1 : ; measure the same thing!
-40 | : _a Need for advanced analytical
8D : : techniques to better understand
@-\ : : what methods really measure!
-_,i...--"’ | |
| 1 .
-mn-_@, 1@. L EMRP Project
0 1 2 3 4
LDL-C RMP,
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