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Research Centre for Metrological
Traceability in Laboratory
Medicine (CIRME)

created on 2006 with the scope to join in
a sole entity scientists and activities of
various Departments of the University of
Milan interested in the development of
reference methods and calibration
materials of high metrological order in

CIRME the field of biomedical diagnostics.
CELE G

Yeory
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Example of uncertainty budget for
ALT reference measurement procedure

Absorbance Evaporation Time
2,2%_  Reagent oH 03% 00%
concentrations 2 89,

16,9% ’

Wave length
0,1%

Sample

volume
38% N

Specimep

aging
6,0%

Measurement

temperature
3,1%
CD Mean of the means
CE 10,3%
° Infusino | et al. Clin Chim Lab Med 2016;in press
Yeory
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JCTLM database : Laboratory medicine and in vitro diagnostics JC [TM

List of reference measurement services

This file was created on 04 November 2010 from the JCTLM-DB website (http://www_bipm org/jctim/)
Your search criteria: Reference measurement services; Analyte: ALT; Analyte category: Enzymes; Matrix category:
Blood serum

CIRME, ltaly

Phone : +39 02 3904 2806 Contact person : Prof. Mauro Panteghini
Fax : +39 02 5031 9835 Email : mauro panteghini @ unimi.it

auliiid alanine aminotransferase (ALT)
Material or matrix hltmd serum, blood plasma

Applicable material or mairix ‘rmman 391‘1.!"1 or plasma (hepari

Quantity [1&: ‘activity concentratior
Service measurement range Bﬂﬁapkaﬂ m41?pkatﬂ
The conversion factor for enzyme catalytic activity concentrations: 1 U/L =
0.01667 pkatlL | "
Expanded uncertainty [0 EVEIEL DR S

(i L | The uncertainty of the lower limit of the measurement range is not
available as this enzyme value is clinically mm@vant '
Interlaboratory comparison resulis BELJA FFGG Emmai thiyaamuem scheme for Reference

jpﬂwww dgkkﬂb de-81/index. shﬂ-nl

=3leitmﬂﬂﬂﬂt aL Cfm Gham Lab. Med, 2002, 40, 739-745

Measurement principle

JCTLM reference measurement
method/procedure

10th |nternational Scientific Meeting. November 17-18, 2016



Reference Materials, Measurement Methods and Services for In Vitro Diagnostics

JCTLM

Accurate results
for patient care

CIRME is a
JCTLM
Member

Organization

www.bipm.org/jctlm

CIRME
CELE G
Yeory
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In cooperation wi

European Commission

-7 | Joint Research Centre

Institute for Reference Materials and Measurements

CERTIFICATE OF ANALYSIS

*
** **
* b g
* *
L 2% ¢

European Reference Materials

Traceability of values for catalytic activity concentration
of enzymes: a Certified Reference Material for aspartate

transaminase

Brigitte Toussaint"*, Hendrik Emons', Heinz G.
Schimmel', Steffen Bossert-Reuther?, Francesca
Canalias®, Ferruccio Ceriotti*, Georges Férard®,
Carlo A. Ferrero*, Paul F.H. Franck®, F. Javier
Gella’, Joseph Henny®, Poul J. Jorgensen’, Rainer
Klauke', Jean-Marc Lessinger!", Daniel Mazziotta",
Mauro Panteghini®, Shigeru Ueda'* and Gerhard
Schumann' on behalf of the IFCC Committee on
Reference Systems for Enzymes

10th nt

L
&
m ERM®-AD453k/IFCC ERMP-AD454k/IFCC
L . P ~ ENZYME IN BUFFER - ENZYME IN BUFFER
Catalytic activity concentration " Catalytic activity concentration
CERTIFICATE OF ANALYSIS s oareis?
Lactate dehydrogenase 330 UL TUuL Alanine aminotransferase 103.8 UL 26UL
iscenzyme 1 (LD1) 5.50 pkatiL 0.12 pkat/L LT) 1.73 pkat/L 0.05 pkat/L
ERMO- DA470H|FCC 1) Catalytic activity concentraton of lactate dehydrogenase isoenzyme 1 (LD1) in the reconstituted material, as obtained 1) Catalytic activity. of al (ALT) in the material, as obtained by the IFCC
by the IFCC primary reference measurement procedure for the measurement of catalyic activity concentration of lactaie pimary_ reference measurement procedure for the measurement of catalyic actiity concentration of alanine
denydrogenase al 37 °C aminotransferase at 37 °C,
2) Certified values are values that fulfil the highest standards of aceuracy and represent the unweighted mean value of 2) Certified values are values that fulfl the highest standards of accuracy and fepresent the unweighted mean value of
HUMAN SERUM the means of accepted sets of data, each set being cbtained in a different laboratory, The certified value and ils the means of accepted sets of data, each set being obiained in a different laboratory. The certified value and its.
uncentainty are traceable to the Intermational System of Units (SI). Values were converied from UL into pkatlL by uncenainty are yaceable 1o the Intemational System of Units (S Values were converted from UIL into pkatiL by
with the factor f= 0.01667. multiplication with the factor = 0.01667
Proleins inthe Mass conceniraton 31 The uncerainty is e expanded Lncertainty of the Certfied valus With 3 Coverage factor k = 2 CoMesponding 1a a 3) The uncertainty is the expanded uncertainty af the ceriified value with a coverage factar k = 2 corresponding to a
2 ! 7 level of confidence of about 95 % estimated in accordance with ISOAEC Guide GB-3, Guide to the Expression of evel of confidance of about 95 % estimated in accordance with ISO/IEC Guide 98-3, Guide 1o the Expression of
reconsiituted materal Certifed value Uncertainty ¥ LUncertainty in Measurement (GULE 1995), ISO. 2008, Uncertainty in Measurement (GLIM 1985), IS0, 2008
) g4
a;macroglobuin (A2M) 43¢ [1] &
o e ool i ERMC®-AD455Kk/IFCC
Mt s " innad:
:m ;AAT: 31 ;zu. r‘z;s The following value for B2M was assigned: ENZYME IN BUFFER
7
complement 3¢ (CX) 1004 o Protein in the Mass concentration Catalytio activity concentration !
Jement 4 g L Ll - - Certified value * Uncertainty *
complert 4 (G4) o pamt material (se¢ section 9.3) Certiied value Uncertainty
hagtogiobn (HPT) o el [mglL] (mglL) Creatine kinase isoenzyme MM 314 UL B UL
immunoglobuin A (Ig4) 0 008 (CK-MM) 5.23 pkat/L 0.10 pkatiL
immunoglobuin G (1gG) s17® X0) Beta-2-microglobulin 217 0.07 1) Catalytic activity concentration of creatine kinase isoenzyme MM (GK-MM) in the reconstituted material, a5 obtained by
" = [ e [FCC primary reference measurement proceduire for e measurement of the Cataiyic actiity concentration of creatne
immunaglobuin M (Igh) 072 (1o Kinase at 37 °C.
ansferrr 2%* 1 1) B2M red i i d 2) Certified values are values that fulfl: the highest standards of accuracy and represent the unweighted mean value of
Wi (1RF) % " " ! 8 ineared by using 8 as calibrant L o e means of accepted sets of data, each Set being o0tained In a differsnt [aboratory. The centfied value and its
transthyretn (TTR) 0220 0018 G 8 purep 2 uncentainty are traceable to the Intemational System of Units (SI). Values were converted from U/L into pkat/L by
2) The value is the unweighted mean of 13 accepted mean values, independently obtained by 13 laboratories. The g”:ﬁi::::::rﬁ:‘:;;ﬂ:gi‘;‘;wﬂw SRS et Ve 2 oS S 2 TR B
certified mass concentration is traceable to the S, via calibration with a pure protein solution of B2M. level of confidence of about 85 % estimaled in accordance with ISC/IEC Guide 98-3, Guids fo the Expression of
Uncertainty in M (GUM:1895), 1O, 2008
%) Expanded uncertainty U with a coverage factor k = 2, corresponding to a level of confidence of 95 %, it el il
Clin Chem Lab Med 2010;48(6):795-803 © 2010 by Walter de Gruyter * Berlin * New York. DOI 10.1515/CCLM.2010.146 sstimated in accordance with the Guide to the Expression of Uncertainty in Measurement (GUM), ISO, 1995.
COMMUTABILITY STUDY ON CANDIDATE MATERIALS FOR THREE NEW ENZYME CERTIFIED REFERENCE MATERTALS

B. Toussaint“, F. Ceriottia, H. Schimmeld, R. Rejm, M. Besozzie, FJ. Gellaz, G. Giana7, i Lessingers, M. McCuskerl, M.

Orthg, M. Panteghini3

materials to patient samples in the plots, sign of similar behaviour, was investigated.
Existing CRMs to be replaced: New candidate CRMs:
‘[ 2 candidates for CK ~300 UL
ERM-AD4SS/IFCC (CK-MB) V2 candidates for LT ~100 UL
‘ Purified from human heart X 1 candidate for LD =300 UL
Lyophilised Material type:
‘] Recombinant
ERM-AD454/IFCC (cytaselic) J Lyophilised or frozen
ALT  Purified from pig heart
Lyophilised 1
ERM-AD453/IFCC (LD1) ~-
LD Purified from human erythrocytes
Lyophilised

4 Study setup: 14 serum samples were analysed with existing CRMs and with the new candidate CRMs, using 8 different Y
assays and 1 reference method. Results obtained by different methods were compared paire-wise and the proximity of candidate

Beckman Coulter Synchron DxCB00 |
|Ortho Clincal Diagnostics - Vitros S600 |
| Olympus AU480

Rache Modular Analytics

Siemens - Dimension Vista_1500 /

* IFCC Reference Measurement Procedure at 37°C ./




Pasqualetti S et al. CCA 2015;450:125

Letter to the Editor

The calibrator value assign ment protocol of
the Abbott emzymatic creat imine assay is
imadequate for ensuring suitable quality of
SETUM MEISUrements

Table 1

Uncertainties for each contributing factor in determination of serum creatinine with Abbott
enzymatic assay on Architect ¢16000 platform after calibration with two different lot of
system calibrator. Data obtained by measurements of NIST SRM 967a reference material
(certified value 4+ expanded uncertainty: L1, 0.847 mg/dL 4+ 0.018 mg/dL and L2,
3.877 mg/dL + 0.082 mg/dL).

SRM SRM
967a 967a

Expanded uncertainty level 1  level 2

goals

Multigent Clin Chem Calibrator lot no. 40043Y600

9.0% minimum Imprecision (Ugy) 0.47% 0.40%
= Bias (Upias) 357% 7.05%
Relative combined standard uncertainty [Uc = (Upias + Upw2)™>]  3.60% 06
Expanded uncertainty (U = k > u.) 7.20% ‘
3.0% optimum

Multigent Clin Chem Calibrator lot no. 40496Y600
CIRME Imprecision (Ugy) 0.53% 0.42%

Bias (Upiqs) 4.02% 1.71%
CELE G Relative combined standard uncertainty [u, = (Up® + Ugy2)*°]  4.05% 1.76%
Yeoars Expanded uncertainty (U = k > u,) 8.10% 3.52%

10th |nternational Scientific Meeting. November 17-18, 2016



DE GRUYTER Clin Chem Lab Med 2016; 54(3): e71-e73

Letter to the Editor

Dominika Sz6ke*, Assunta Carnevale, Sara Pasqualetti, Federica Braga, Renata Paleari and
Mauro Panteghini

More on the accuracy of the Architect enzymatic
assay for hemoglobin A,_and its traceability
to the IFCC reference svstem

Combined standard
uncertainty (pg)

Measurand definition
(S' un Il') &

Primary calibrator /
(HbA,, HbA, )
IFCC reference procedure
HPLC-CE

= performed by CIRME
Ug 0.76% Secondary calibrator /
CIRME

Accredited reference laboratory -

Usaveannh omai v
[C] T

Abbott’s selected :1
Abbott’s working / procedure g.:.j
calibrator %
i : o
Abbott’s standing %
procedure <
___________________________________________ Abbott Diagnostics =) Abbott

Ue 0.93% Abbott's product
CTRME 48 < = a

Analytical goals for HbA . measurement calibrator \ Abbott enzymatic
Quality level uc method on Architect
’ Clinical samples 4.—/// ¢4000 platform
Optimal <0.6 \
Desirable <13
Minimal <19 u 1.44%;
C Results, mmol/mol
10t v : Clinical laboratory  17j [
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Estimating folate deficiency and need to
predict the effect of assay recalibration

e To improve assay harmonization, some
commercial folate methods have recently
undergone recalibration to the WHO NIBSC
03/178 International Standard

e After recalibration, a significant change in
the average folate measured values was

recorded

CIRME
CELE G
Yeory

10th |nternational Scientific Meeting. November 17-18, 2016



At a folate concentration around the lower reference
limit of the old Roche assay, a positive bias of 50% vs.
the new Roche assay can be observed

Regional EQAS exercise no. 4/2016

Participating labs using Roche assay

e -
=
-g
3 -
B4
1 -
D 4
1,0 1.5 20 25 3.0 35 40 45
CIRME Roche Folate Il assay Roche Folate Il assay
CELE G code 07559992190 code 04476433190
(traceable to NIBSC 03/178 IS) (home-made
Yeary calibration)

10th |nternational Scientific Meeting. November 17-18, 2016



Taking into account the [b0% difference experimentally
found at the lower reference limit (LRL) level, the shift from
4.6 Mg/L (Roche recommended LRL for old calibration) to 3.9

Mg/L (Roche recommended LRL for recalibrated assay)
appears to be inconsistent.

Consequently, a misleading overestimate of the prevalence of
folate deficiency is expected if the recalibrated Roche assay
will be used together the manufacturer’s newly
recommended LRL.

New experimental data from healthy individuals have,
therefore, to be quickly obtained with the recalibrated assay
in order to accurately define the traceable reference interval

CIR and derive correct decisional strategies for folic acid
CE] supplementation.
Year sy Ferraro S et al., Clin Chem Lab Med 2016: in press

10th |nternational Scientific Meeting. November 17-18, 2016



100

Estimation of the Reference Interval for Serum Folate
Measured with Assays Traceable to the WHO International
Standard

2.5t
percentile

80 -
c
=
5
©
= 60 4
i
y—
9
=
0 40 -
7]
o]
<
20 -

traceable to
NIBSC
03/178 IS

home-made
calibration

A e

2 - 6 8 10 12 14 16 18 >20

Serum folate ug/L

Ferraro S et al., submitted

10th |nternational Scientific Meeting. November 17-18, 2016



Houston

we have a problem.

Currently, the full information about
calibration is usually not available

Manufacturers only provide the name of higher
order reference material or procedure to which the
assay calibration is traceable, without any
description of implementation steps and their

corresponding uncertainty.

Cl
CELE G

Yeory
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A NIST SRM 917
GC-IDMS @ NIST

NIST SRM 965
(glucose in human serum)

Manufacturer’s
internal procedure

Commercial /

calibrator )
“a Commercial

system

rd

Patient’s sample results

C NIST SRM 917

CDC Hexokinase
[accredited reference laboratory]

Compariseiton

Types of metrological chains that can be used to implement the traceability of blood glucose results*

B NIST SRM 917

GC-IDMS
[accredited reference laboratory]

biological samples

Manufacturer’s internal
procedure

Commercial /

calibrator ™\, commercial
system
<
Patient’s sample results

Manufacturer’s
internal procedure

biological samples Commercial
Manufacturer’s internal calibrator ™ commercial
CIRME procedure system
CELE Commercial / Patient’s sample results
calibrator ™ commercial * :
Yeory system Braga F & Panteghini M, Clin Chim Acta 2014;432:55 all JCTLM recognized

‘ific Meeting. November 17-18, 2016



ALLOWABLE UNCERTAINTY BUDGET FOR PLASMA GLUCOSE

Three main components of uncertainty:

1. Uncertainty of references - reference materials, reference procedures;

2. Uncertainty of commercial system calibrators - manufacturer ’s calibrator values [transfer
process];

3. Uncertainty of random sources — system imprecision, individual lab performance.

Measurand definition
R S\ Se Uncert .
a>°°° e From BV MODEL

Uncertainty of

references 4.05% minimum
U
T System calipration
uncertainty uncertainty (U + UZ )% 1.35% Optimum

budget

System imprecision

Individual lab
performance
(IQC safety margin) (U + U%y + U2 andom ) <:I MEASUREM EGN(;-ALIJ_NCERTAI NTY
Patient result
CIRME 4 A [for unbiased results]
C BragaFet al. Clin Chem Lab Med 2015;53:905-12
- w
Yeary

10th |nternational Scientific Meeting. November 17-18, 2016



Metrological traceability and uncertainty information derived from calibrator package inserts of commercial systems measuring blood glucose marketed by four IVD companies.

Higher-order reference Combined
o . ; Declared employed Type of standard
Prineiple of commercial ) . :
Company Platform e Calibrator standard traceability uncertainty
metho
uncertainty’ Method Material chain used” associated with
the used chain®
Abbott Architect ND Multiconstituent calibrator 2.70% IDMS NIST SRM 965 A 1.22-1.45%°
Beckman AU Hexokinase System calibrator ND ND NIST SRM 965 A 1.22-1.45%°
Synchron Hexokinase Synchron multicalibrator ND ND NIST SRM 917a D 1.60-3.00%°
Roche Cobas ¢ Hexokinase Cftas, 0.84% IDMS ND B 1.70%
Integra Hexokinase Cfas. 0.62% IDMS ND B 1.70%
Hexokinase ) 0.84% IDMS ND B 1.70%
Modular Cfas.
GOD 0.84% IDMS ND B 1.70%
Siemens ) Hexokinase ) . 1.30% Hexokinase NIST SRM 917a & 1.88-3.26%"
Advia Chemistry calibrator . i
GOD 0.80% Hexokinase NIST SRM 917a C 1.88-3.26%

CIRME
CELE

Measurement
uncertainty
budget

G

Yeory

Uncertainty of
references

System calibration
uncertainty

_(U 2ref +u 2(:al)l/2

System imprecision

Individual lab
performance

Patient result

(1QC safety margin)

[Braga F & Panteghini M, Clin Chim Acta 2014;432:55]

2 2 2 Y4
u ref+ U%cal +u random) 1:>

Ut > Chain A =1.45% vs. Chain C=3.26%

4.05% minimum

1.35% optimum

10th |nternational Scientific Meeting. November 17-18, 2016




NIST SRM 914a

GC-IDMS/LC-IDMS

NIST SRM 967
(creatinine in human serum)

Manufacturer’s
internal procedure

Commercial
calibrator

Commercial
system

Patient’s sample results

C
NIST SRM 914a

Manufacturer’s
internal procedure

X

Commercial
calibrator

CIRME X commercial

(creatinine in human serum)

Types of metrological chains that can be used to implement the traceability of blood creatinine results*
[Braga F, Infusino |, Panteghini M. Clin Chem Lab Med 2015;53:905]

NIST SRM 914a

4
GC-IDMS

NIST SRM 909b

Manufacturer’s
internal procedure

Commercial
calibrator \

Commercial
system

Patient’s sample results

D
NIST SRM 914a

GC-IDMS/LC-IDMS
accredited reference laboratory
|

lComparison on

biological samples

Manufacturer’s internal
procedure

e

system Commercial
CELE G .
Yeor Patient’s sample results calibrator 4 Commercial
¥ system
—

10th |nternational Scientific Meeting. Patient'ssampleresults g 5076

*All JCTLM recognized



Carobene A et al., Clin Chim Acta 2014;427:100 @A

—a— Picrate —3- Enzymatics

15% -
o - Traceability implementation does not correct for
c:cs c_:é 10% 1 creatinine analytical non-selectivity problems!
L S 7
= o i
c o> 50 -~ 0 ~®_\
c o (O e R )
o S ]
E o) ] '0,1%
8 % 0% i T iy T \.\'2—72%
n S ] - T T === 0 — =
c e e S 0
§ 8w T TEEm T 20 BRI
-10% -
50 100 150 200 250
e BB Creatinine (umol/L)
CI'

Percent bias of overall means for the two method macr o-categories based on different

b analytic principle in post-standardization years (2010-2011). The dotted and the dashed
line indicate the maximum acceptable bias at desirable (£4.0%) and at minimum quality
level (£6.0%), respectively.




Table 3: Metrological traceability and uncertainty information derived from calibrator package inserts of commercial systems measuring serum creatinine m
diagnostics companies.

eted by four in vitro

Company Platform Principle of commercial method Calibrator Declared Higher order reference ype of Combined standard
standard employed traceability  uncertainty associate
s . . . . .
uncertainty’ Method Material / chain used with the used chain
Abbott Architect Enzymatic Multigent clin chem  1.48% IDMS NIST SRM 967 A 2.12%-2.79%"
calibrator
ND Multiconstituent 2.7% IDMS NIST SRM 967 A 2.12%-2.79%"
calibrator
Beckman AU Enzymatic System calibrator ND ND NIST SRM 967 A 2.12%-2.79%
Alkaline picrate System calibrator ND IDMS NIST SRM 967 A 2.12%-2.79%
Uncompensated alkaline picrate ~ System calibrator ND ND NIST SRM 909k L2 B 1.51%
Synchron —\3} | X aqua calibratar ND IDMS NISTSRM 914 D 1.5%¢
Roche Cobas c Enzymatic C.fa.s. 0.91% IDMS ND D 1.5%¢
Alkaline picrate compensated C.fa.s. 1.62% IDMS ND D 1.5%¢
Alkaline picrate rate—blanked C.f.a.s. 1.42% IDMS ND D 1.5%*
and compensated
Integra/Cobas c111 Enzymatic C.fa.s 1.06% IDMS ND D 1.5%*
Integra400/Cobas c111  Alkaline picrate compensated C.f.a.s 0.30% IDMS ND D 1.5%¢
Integra800 Alkaline picrate compensated cfa.s 0.72% IDMS ND D 1.5%¢°
Modular Enzymatic C.fa.s 0.91% IDMS ND D 1.5%¢
Alkaline picrate compensated C.f.a.s 1.38% IDMS ND D 1.5%¢
Alkaline picrate rate-blanked C.r.a.s 0.79% IDMS ND D 1.5%¢
and compensated
Siemens Dimension Vista Enzymatic ECREA calibrator A 5.08%' ND NIST SRM 914a C NA
ECREA calibrator B 3.16%" ND NIST SRM 914a C NA
Alkaline picrate Chemistry calibrator  1.6% GC-IDMS NIST SRM 914a D 1.5%¢
Advia Enzymatic Chemistry calibrator  0.45% IDMS NIST SRM 914a A 2.12%-2.79%"
NIST SRM 967
Alkaline picrate rate-blanked Chemistry calibrator  1.6% IDMS NIST SRM 967 A 2.12%-2.79%"
and compensated

Tt Ml Wl ¥ el

CELE G
Yeory

N

[Braga F, Infusino |, Panteghini M. Clin Chem Lab Med 2015;53:905]
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EQAS materials with physiologic (88.4 pmol/L) and borderline (123.8 pmol/L)
creatinine concentrations vs. the desirable goal for TE (£8.9%). Notwithstanding
the marked difference in size of two groups, it was evident that the vast majority

(87%) of laboratories using systems employing enzymatic assays were able to

fulfill the desirable performance, while only one third of laboratories using
picrate-based systems were able to meet the target.

Enzymatic assays (n=23) Alkaline picrate assays (n=296)
140 ‘ 140

120 e 120 - S S

100 -~ 100 - B ,,,f: ,,,,,,,,,

80 - 80 + - 4 ‘ 3*3*0""""3 *********
T — T S R — RN A

‘ area target value . ‘ ‘ ‘

+ allowable total error
40 1 ! ! ‘ 40 ! 1 1 1
80 100 120 140 160 180 80 100 120 140 160 180
pumol/L pumol/L
YW&' [Carobene A et al., Clin Chim Acta 2014;427:100]
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Sample 2
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CIRME
CELE G
wa Mosca A et al., Clin Chim Acta 2015;451:305
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Research Centre for
Metrological Traceability in
_aboratory Medicine (CIRME)

— Educational activities

CIRME organizes international and national
conferences on the topic of Traceability and
Standardization in Laboratory Medicine and
works actively to promote postgraduate
specialization courses

CIRME
CELE G
Yeory
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REFERENCE METHODS

AN0D A

)

40 31dNI3L FHL

TRACEABLE REFERENCE INTERVALS
AND DECISION LIMITS

NOILVZIQYVANVYLS AHO1VH04aV1

SSZEYYTOT 2DV WIYD Ul|D ‘N 1ulySajued %3 4 edeug

APPROPRIATELY ORGANIZED
ANALYTICAL QUALITY CONTROL
TARGETS FOR UNCERTAINTY AND ERROR G
MEASUREMENT (FITS FOR PURPOSE)

9T0Z ‘8T-/LT 419qWaA0N '6ujloay 2YIIuaIdS [EUOIIEUISIU] ;0T




Lack of proper reference intervals/decision limits may
hamper the implementation of standardization

e The implementation of standardization can modify
the analyte results

e Without adequate R.I./D.L. this situation can impair
the interpretation of the results and, paradoxically,
worsen the patient’s outcome

 The absence of reliable R.I./D.L. for the newly
standardized commercial methods hampers their

adoption

CIRME

CELE G
Yeanrs [Adapted from Ceriotti F, Hinzmann R, Panteghini M. Ann Clin Biochem 2009;46:8]
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Traceable reference intervals as 4t pillar of
the reference measurement system:
how a problem becomes a solution

| B

'ﬁ)- - .
Historically ,m

A .1'

1\, Traceability era
Method-dependent Standardized methods

results that provide traceable
‘ results
Method-dependent ‘

Traceable reference

reference intervals )
intervals

CIRME

CELE G Infusino I, Schumann G, Ceriotti F, Panteghini M. CCLM 2010;48:301
YW:Y Ferraro S, Braga F, Panteghini M. CCLM 2016,;54:523
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C
C

Table 1: Traceable reference intervals for enzymes with established
reference measurement systems obtained in European and Asian

adults.

Enzyme European Asian
Females Males Females Males

AST 11-34 14-32

ALT 8-41 9-59 11-31 14-54

GGT 6-40 12-68 15-43 15-68

LDH 125-220 138-235

CK 34-145 46-171 40-152 58-261

AMY 31-107 47-136

ALP 33-98 43-115 40-106 48-131

- }1/-3;_4;-5, Infusino | et al. Clin Chem Lab Med 2016;in press.
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The implementation of standardization in
clinical practice needs first the availability
of the 3 main pillars:

e Reference measurement procedures
e Reference materials

e Accredited reference laboratories

Then, it needs to define a 4" pillar:
eTraceable reference intervals/decision limits

And, an appropriately organized analytical
(internal and external) quality control
should become the 5t pillar.

CIRME 4" CIRME International Scientific Meeting

CELE ¢l RETHINKING QUALITY CONTROL IN THE TRACEABILITY ERA
Years Milano - 30 November 2010

10th |nternational Scientific Meeting. November 17-18, 2016
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Monitoring the reliability of the analytical system
through Internal Quality Control:
Component I. Check alignment (“system traceability”)

Braga F et al. ] Med Biochem 2015;34:282
Braga F et al. Clin Chem Lab Med 2015;53:905

Platform

Reagents Calibrators

Control material(s)

Clinical laboratories must verify the consistency of declared performance during routine
operations performed in accordance with the manufacturer’s instructions, by checking that
values of control materials provided by the manufacturer as component of the analytical
system are in the established range, with no clinically significant changes in the assumed  _
traceable results.



Internal Quality Control
(Component |)

Platform

Acceptance/rejection of
the analytical runin
“real time”

Testin pye nment
’ [“system traceahility”]

Control material(s)

|Il

Any “out of control” signal must be made available with

sufficient time to allow immediate corrective actions to
bring again the situation under control (virtually
“unbiased”) and before reports related to the samples
analyzed in the affected analytical run are issued.

YW&/ Braga F, Panteghini M. Biochim Clin 2015;39:551

10th |nternational Scientific Meeting. November 17-18, 2016



Monitoring the reliability of the analytical system through

Intrnal Quality Control:

Component Il. Estimating the measurement uncertainty
due to random effects (“imprecision”)

Measurement
uncertainty
budget

Measurand definition

System calibration
(combined) uncertainty

System imprecision

Individual lab
performance
(1QC safety margin)

Patient result

[ System ]
[ Reagent lots ]
[ Laboratory j

Main characteristics for a control material to be used in the
IQC component Il program in order to derive the uncertainty
of the analytical system due to the random effects.

Requirement

Material from a third-party
independent source should be

used
Material should closely

resemble authentic patient
samples (fulfil commutability)

(e.g., fresh-frozen pool)

Material concentration levels
should be appropriate for the

clinical application of the
analyte measurement

Comment

Material must be different from the
system control material used for
checking alignment (1QC component )

Commercial non-commutable controls
may provide a different impression of
imprecision performance

When clinical decision cut-points are
employed for a given analyte, materials
around these concentrations should
preferentially be selected

CIRME
CELE G
Yeory

Braga F et al. ] Med Biochem 2015;34:282
Braga F, Infusino |, Panteghini M. Clin Chem Lab Med 2015;53:905
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Analytical performance specification (APS) derivation
should be added to the Miller’s EQAS categorization

[Miller WG et al. Clin Chem 2011;57:1670]

Evaluation capability

Accuracy

Individual laboratory

Relative to par-

Sample characteristics ticipant results Reproducibility
Value Individual
assigned Replicate Absolute vs laboratory Measurement
with RMP* samples RMP or Peer intralab procedure
Category Commutable or CRM in survey CRM Overall group v interlab CV
1 Yes Yes Yes X X X X X
2 Yes Yes No X X X X
Category 1/2A — Milan model 1 or 2 as basis for APS
( Category :I-/ZB — Other mOdels Infusino | et al. Clin Chem Lab Med 2016;in press.

C 9t CIRME International Scientific Meeting
STRUCTURING EQAS FOR MEETING METROLOGICAL CRITERIA:

READY FOR PRIME TIME
Milano — 27 November 2015

International Scientific Meeting. November 17-18, 2016




The application of the analytical
performance specifications can be

modulated depending on its use. For
example:

1¢ EFLM Strategic Conference

Defining analytical . .
=meos 0 @Reference material providers

Stockholm Conference

1 CIRME Iterngtional Sceetfic Meting

@Manufacturers producing calibrators

@Individual laboratories who provide
patient results

— @EQAS organizations

CELE G
Yeory
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Measurement
uncertainty
budget

-+ (1QC safety margin)
CELEES#&&G Patient result

[Braga F, Infusino |, Panteghini M. Clin Chem Lab Med 2015;53:905]

Yeory

Measurand definition

L e

Uncertainty of
references

Recommended limits for combined uncertainty budget (expressed as
percentage of total budget goal) in traceability implementation

Uref <33%

System calibration
uncertainty

1
(U 2ref +u anl) & <50%

System imprecision

Individual lab
performance

2 2 2 %
(U ref +Uu cal +Uu random) ’ 100%

10th |nternational Scientific Meeting. November 17-18, 2016



This approach should be applied to every
analyte measured in the clinical laboratory
in order to establish if the current status
of the uncertainty budget of its
measurement associated with the
proposed metrological traceability chain is
suitable for clinical application of the test.

CIRME
CELE G

[Panteghini M, Clin Chem Lab Med 2012;50:1237] ;
Years

10th |nternational Scientific Meeting. November 17-18, 2016



Turning the problem upside down
Focus first on the field assays

IFCC WG-TNI Technical Discussion
Value assignment of NIST SRM 2922 and measurement uncertainty

Measurand definition

Uncertainty of
references

<33% of uncertainty budget due to SRM uncertainty (~  4.5%).

System calibration ﬁ

uncertainty Anticipate 50% of uncertainty budget (6.5%) at manu  facturer’'s
calibration and value transfer level.

System imprecision AN
Individual lab
performance According to the outcome-based study of misclassifi cation rates, the

! ’IQC safetx marﬁinl maximum allowable goal for 100% total uncertainty b udget of cTnl

Patient It assays is 13% (minimum quality goal) for the clinic al result and which
CIRME atient resu allows for <2% result misclassification.
CELE G

Yeory
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CDh ¢

Braga F & Panteghini M, Clin Chim Acta 2014,432:55

Definition and approval of reference measurement systems,
possibly in their entirety;

Implementation by IVD industry of traceability to such reference
systems in a scientifically sound and transparent way;

Definition by the profession of the clinically acceptable
measurement uncertainty for each of the analytes used in the
clinical field;

Adoption by EQAS providers of commutable materials and use of an
evaluation approach exclusively based on trueness;

Monitoring of the analytical performance of individual laboratories
by the participation in EQAS that meet metrological criteria and
application of clinically acceptable limits;

Abandonment by users (and consequently by industry) of
nonspecific methods and/or of assays with demonstrated
insufficient quality.

10th |nternational Scientific Meeting. November 17-18, 2016



The three most highly cited CIRME papers

The Scandinavian Journal of Clinical & Laboratory Investigation, Available online at www.sciencedirect.com

Vol. 68, No. S241, June 2008, 84-88 ‘
2 2 - %0 . . CLINICAL

9 SClenCEDlrECt BIOCHEMISTRY

Clinical Biochemistry 42 (2009) 236240

ORIGINAL ARTICLE

Enzymatic assays for creatinine: Time for action  Traceability as a unique tool to improve standardization in

Mauro Panteghini* laboratory medicine

Centre for Metrological Traceability in Laboratory Medicine (CIRME) Mauro sztcghini*
University of Milan, Milan, Italy

Centre for Metrological Traceability in Laboratory Medicine (CIRME), University of Milan, Milan, ltaly

. __________________________________________________________________________________________]
REVIEWS RASSEGNE

biochimica clinica, 2007, vol. 31, n. 4 247

Traceability, reference systems and result comparability

C]RIVIE Mauro Panteghini

CELE G Centro per la Riferibilita Metrologica in Medicina di Laboratorio (CIRME), Universita di Milano

Yeory
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Clin Chem Lab Mgd 2001; 398(9):795-800 © 2001 by Walter de Gruyter - Berlin - New York

T

Opinion Paper

Establishing a Reference System in Clinical Enzymology

Mauro Panteghini’, Ferruccio Ceriotti?, Gerhard
Schumann?® and Lothar Siekmann*

%864

Mini-Review Clin Biochem Rev Vol 28 Novembef 2007} 155
o

Traceability in Clinical Enzymology

Ilenia Infusino, Roberto Bonora, "Mauro Panteghini
Enzyme Reference Laboratory, Centre for Metrological Traceability in Laboratory Medicine (CIRME),
University of Milan. 20157 Milano, Italy

Clin Chem Lab Med 2010,48(3):301-§07 & 2010 by Iter de Gruyter « Berlin « New York. DOl 10.1515/CCLM.2010.075

S

Minireview

Standardization in clinical enzymology: a challenge for
the theory of metrological traceability

Tlenia Infusino!, Gerhard Schumann?, Ferruccio
Ceriotti* and Mauro Panteghini'*

! Enzyme Reference Laboratory, Center for Metrological

Tracelﬁbility in Laboratory Medi‘cine (CIRME), University
of Milan, Milan, Ttaly Clin Chem Lab Mied 2016; a

Mini Review

CELE

Ilenia Infusino*, Erika Frusciante, Federica Braga and Mauro Panteghini

Progress and impact of enzyme measurement
10th Internation: Standardization

wa




DE GRUYTER Clin Chem Lab Med 2016; 54(1): 7-15

Review

Federica Braga*, Sara Pasqualetti, Simona Ferraro and Mauro Panteghini

Hyperuricemia as risk factor for coronary heart
disease incidence and mortality in the general
population: a systematic review and

meta-analysis

Hematopathology / sTFR anp sTeR/Loc FerriTin INnpEx 1N Diacnosis oF [ron-Dericiency ANEMIA

N i . Soluble Transferrin Receptor (sTfR) and sTfR/log Ferritin
SfUID UMt ChiCiCyIS protell 4 ¥ Catbiohyuite Index for the Diagnosis of Iron-Deficiency Anemia
antigen 125 for ovarian cancer diagnosis: g9 y

a systematic review

A Meta-Analysis
Simona Ferraro,' Federica Braga,' Monica Lanzoni,”* Patrizia Boracchi,*
Elia Mario Biganzoli, > Mauro Panteghini’

llenia Infusino,!? Federica Braga,!? Alberto Dolci, MD,? and Mawro Panteghini, MD, !
J Clin Pathol 2013;66:273.

DE GRUYTER DOI 10.1515/cclm-2013-0738 === Clin Chem Lab Med 2014; 52(6): 767-777

Review

CIE Simona Ferraro*, Roberta Mozzi and Mauro Panteghini

“* Tracing a roadmap for vitamin B_ testing using
the health technology assessment approach



9T0Z ‘8T-/T 19qWaAop '6ui3aajy dYI3uaidS [EUOIIEUISIU] y;0T

suonesliqnd JINYID

I 8 L € € S 0 S S 8 |[Skelsqvm

€ L 4 L 4 14 S € € S elvm

Ll ¢l 6 6 6 9 0l € 6 9 PSNANd ®
9L0C | G10¢C | ¥ILO L0Z | ¢L0C | L1OZ | 0LOC | 600¢C | 80OOC | L00C

AMNODN
v

dTHO
HNEIO



s i
3IRg oney ﬁgcg#,c%ﬁ_uﬁ_ viRLY ey

—— é?sgéq:
P Hém_.,._E,,a_E:_d “.EZ._ .r_SH_E:_Q Sﬁeoﬁbﬂ

W6 030y wos AR e el 0 |tuimal

12 RN eovwp) d
PRS0 AR 83 i)

9TO0Z ‘8T-/T 49qWaAop '6ui3aajy 2YI3uaIdS [EUOIIEUIDIU] y;0T

3)uaIRJuO) WIOLPPOIS

g auy Jayo s109A G | Jien
w= 51006 aoupuuopad ﬂ
o mm |oauA|oun Buiuyaq
w@ 0252} HEOFOHS W43 oL

¥alinye N




9T0Z ‘8T-/T 19qWaAop '6ui3aajy dYI3uaidS [EUOIIEUISIU] y;0T

Joigis
OAILYW3O4 01139034

oueipy ‘tpms :mm_ﬂ BUSIBAILN 7
(3NH12) oLojeioge ip euolpayy Ul 7

i eoibojoep BligLIBHY Bl ted BOIDIY IP ONUS
IWHID W qisiy =] 0

pbp.ag vauapad

1343dp pio2up 1W3jqoid 3 13p3NSII

:DUIUIID3II DJ|3P
DINSIW DJ|3p 3U0IZDZZIPIDPUDIS

wezeIn v)j2)s eLRY
oLIOjeloge] @ EDLUL|D (BDIUOID 3]eUs Eljje|ew e

LammonEry i o

speoydn eindad

Tt o, P e, ey
B s s sty

- — e
[RsaoN peq, pue uaituien
agn noj N

ianeadg
»
[«Julu] <« Jo]
Lok xshemseors oy erspins ahinopon
(43D sajscay efuy "iq JoqRsapow —_—
[
| e

AjEI) ‘U U §O AsISan (3NED) Suripepy s o]
AIOJRIOqE] U) AJIGESEI L [EI(F0I0.IMY 10] ANURT YIEasIY ]

ousnjuj eluaj|

40 31VINILST JHL

51U21U0D
jos|qeL

AMNODN

) dTHO
HNEIO

HO00FL Y 90 SUN e

i veron o Ause soresapon

G oo Ry aveads

F
d Bunuodas pue WwowensEAW
uimaidodi 1o} suopeayduy :ssuoid pidy Bunsei-uon euigam W43

53521 AIDJRIOqE] o S50 [EUsTiEY e — STHGL0Z
Awmeysaun
WSLLSINSEAUW JO BIBWNSS BY| 01-50-9102
Buyodes pue weweinsesw uisjoidody e
4 suoneaidu sejyosd pidi) Bunsey-uoy 10909102
1euigam smeig aeq

UEIW0D PaIBfI 31 S50 01 SNIEIS aU1 Uo ¥24D

(sreuiwas-a) sieuigam W43 J0 31517

IA U0 sieugam jsed woy sBup
sieuiqam jsed woy sBuipiodel p

SIUSIUDD JO SIQE] SIS

i JBUIQaM DB 10) B|QE|IBAR 51 UOISIAA PapI0D3) ay) “sdnoio usiuld pue ¥se| pue sdnosg Buspopn
% yum Bunesoge||oo sieowo (143 2s0y) Buowe pajoajes asem siaeads |y sieak 29: ur ku_cum_o

ALNIVINIINN INIWIHNSYIN | g na3e

| oy3 ussad o3 Addey 51 6

Bujuiesj-e W43




Py ISO normative standards related to metrological

Iso traceability of IVD MD
p\\"~ g [ISO/TC 212 Working Group 2, Reference systems]

Revised version under development ical traceability of

antities in biological s3 < E oj altraceabilityof
To be incorporated into revised 17511 control materials

e |VDMD — Mea
values assigned
e |VD MD — Meg
values for cat:
(1ISO 18153:20¢

e IVD MD — Measurement of quantities in samples of biological origin — Requirements for
content and presentation of reference measurement procedures (1ISO 15193:2009, 2" ed.)

e |VD MD — Measurement of quantities in samples of biological origin — Requirements for
certified reference materials and the content of supporting documentation (ISO
15194:2009, 2" ed.)

e Laboratory medicine - Requirements for reference measurement laboratories (ISO
15195:2003)

e |ISO/NP 20914 — Medical laboratories — Practical guide for the estimation of measurement
uncertainty

ISO/NP 21151 — IVD MD -- Measurement of quantities in samples of biological origin --
Requirements for international harmonization protocols intended to establish metrological
traceability of values assigned to product (end user) calibrators and patient samples

10th |nternational Scientific Meeting. November 17-18, 2016
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