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Standardizzazione IFCC dell’HbA,,

IFCC SD WG-SHbA1lc

l’tc

IFCC Reference System for
HDbA,.

* Definition of the analyte

* Preparation of pure HbA, and HbA,.

* Development of reference method

* Installation of a Reference Lab Network
* Preparation of secondary ref. Material




Analyte definition (1)

..., a detailed definition of the quantity to be measured constitutes an
indispensable part of any analytical reference system.... In
Laboratory Medicine, many hundreds different analytes are
measured or determined. With regard to the implementation of
traceability, it is however important to differentiate between:

- analytes which are well defined chemical entities and are traceable
to International System (SI) units, called type A quantities, and

- analytes which are rather heterogeneous in human samples and are
not directly traceable to Sl units, called type B quantities.

M. Panteghini, J.C. Forest. Clin Chim Acta 2005
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Analyte definition (2)

e Type A: more than 65 analytes (electrolytes,
minerals, metabolic products (such as
cholesterol, creatinine, uric acid), steroids, and
vitamins.

Test results: moles per litre.

Reference materials, reference measurement
procedures: usually available, independently of
routine measurement.
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Analyte definition (3)

e Type B: proteins and glycoproteins
(usually measured by immunochemical
techniques)

Test results: not expressed in terms of Sl
units (arbitrary units, e.g. WHO units or
mass units of a preparation belonging to a
manufacturer)

Type “B” analyte:
Hb A,., BN1-deoxyfructosyl-Hb

Glucose bound to N-terminals:
- PI
- epitope

- affinity chromatography




Primary reference
INECIES

(IRMM 466 and 467)

IFCC
Network

IFCC reference measurement
Secondary reference materials / procedure

(blood panels) \\ (HPLC-CE or HPLC-MS)

Manufacturer’s internal

reference measurement
Manufacturer’s procedure

working calibrator
. Manufacturer
Manufacturer’s standing

measurement procedure

Manufacturer’s
product calibrator

/‘ Routine measurement procedure ‘ Individual

laboratory

Mosca et al, Clin Chem lab Med 2007,45:1077
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Primary reference

materials

(IRMM 466 and 467) \ IFCC
Network

IFCC reference measurement
Secondary reference materials / procedure

(blood panels) : (HPLC-CE or HPLC-MS)
M

anufacturer’s internal
reference measurement
procedure

Manufacturer’s
working calibrator

, Manufacturer
Manufacturer’s standing

measurement procedure

Manufacturer’s
product calibrator

VA

/‘ Routine measurement procedure ‘ Individual

laboratory
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CERTIFIED REFERENCE MATERIAL

IRMM/IFCC— 466

CERTIFICATE OF ANALYSIS

HAEMOGLOBIN ISOLATED FROM WHOLE BLOOD

Amount-of-substance fraction

Certified value™ Uncertainty *
[mmolimol] [mmolimol]
HbA1cHbAD + HbATe)? 934 22

1

The certified value was ealoulated fram the average of the results for the ameunt-of-substanee fraction of HbAD
d inta amount-of-substance fraction HbATS

versus HBAD plus HBATG for three acoepted Oatasets and conve:
{1000 mmai/mol — HbAQ mmaliml). Measurements were carmed out usin,

Praceaure and were further confirmed by ather methads. The certfied value, expressed as mmol HBATS per mal

HbATc plus HoAD, is traceabls to the Sl

The certified uncertainty is the expanded uncertainty estimated in aceordance with the Guids

Unesrtainty in Measursment (GUM) with 3 coverage fater k
%

HbAle is defina 35 the bet-Ne(1-ceoxyfructos-1yl) hzemoplobin. HoAl
haemogiobin

orrasgondinn #n = loust o

o the Expression of

nfidanne of ahot

CEﬁTIFIED REFERENCE MATERIAL
IRMM/IFCC- 467

CERTIFICATE OF ANALYSIS

HAEMOGLOBIN ISOLATED FROM WHOLE BLOOD

Amount-of-substo

Cartifind value'
[rramedimel]

HbAD{HBA TG + HbAD) =076

e certifien vake wars cakculal

0 {10
CHAENCE MEISUPEMEN! [rOCedure and wen
s 5 ol MEAD per i MBATE plus HUAD,

e W vale of the matenial is aEove ths bevel
e 1-Ge0yirucos- 141} haemogionn. HOAD s defined as e non-ghycated
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The Analytical Challenge

Proteolytic cleavage of B-chain (146 amino acids)

HbAo-peptide
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Flow Chart for Reference Methods

IHEmolysate

Enzymatic: Cleavage

HPLC-Capillary

‘ ‘ : HPIEEEIVIaSS)
ectrophoresis

SPECTOIMELRY

Approved by IFCC 2001

13

Possible
interferences

» The hexapeptide represent an unique
sequence

eHbSandC

e Acetylated and carbamylated hemoglobin
e Potassium cyanide

e Sodium azid- excluded




Hemoglobinopathies in the N-
terminal part

e HbS 6 Glu — Val
e HbC B6Glu— Lys

« Hb Raleigh B1 Val — Ac-Ala
« Hb Niigata B1 Val — Leu
e Hb Deer Lodge B2 His — Arg
« Hb Okayama B2 His — GIn
e Hb Graz B2 His — Leu
« Hb Agrigente B2 His — Pro
e Hb Fukuoka B2 His — Tyr
e Hb Tyne B5 Pro — Ser
e Hb Warwickshire B5 Pro — Arg
e Hb G-Makassar B6 Glu — Ala
« Hb Machida B6 Glu — GIn
A. Mosca 15

Clin Chem
2008:54(2);240-8
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The IFCC Reference Measurement System for HbAlc:
A 6-Year Progress Report

Cas Weykamp (1*), W. Garry John (2), Andrea Mosca (3)
Tadao Hoshino (4), Randie Little (5), Jan-Olof Jeppsson (6)
Kor Miedema (8), Gary Myers (9), Hans Reinauer (10)
David Sacks (11), Robbert Slingerland (8), Carla Siebelder (1)




Traceability of Manufacturers to the IFCC Reference Method for HbAIc

This certifies that_Manufacturer X uvsing Instrument/Method Y . uses calibrators supplied by
the IFCC Network to get traceable to the IFCC Reference Method and participates in the Monitoring

Programme to demenstrate traceability. In the Monitoring Programme of 2007 the following performance
was seef:

Deviation from IFCC-target at3 % HbAlc % c 03%

at6 % HbAlc % s 01%

at9 % HbAlc % c 0.0%

Reproducibility, coefficient of variation 1.1%

Linearity, corrrelation coefficient 0.9981
Date of issue: 31 October 2007 Certification expires: 31 December 2008
A. Mosca 17

IFCC units

Table 1 Suggested units and target values for HbAlc when measured with
methods traceable to the IFCC reference system. A comparison with the
current figures is also given.

Current IFCC traceable
(NGSP-ADA) method
Reference interval (healthy) 4-6% 20 - 42 mmol/mol
Target for treatment <7% < 53 mmol/mol
Change of therapy >8% > 64 mmol/mol

Panteghini et al, CCLM 2007;45:942-4 18




Benefits from the use of the IFCC
standardised HbA, . test

New units (mmol/mol in place of %)
No confusion when recalculating old HbA, targets in terms of new
standardized IFCC numbers.

Reduced uncertainty

Positive impact due to change of units
Slight changes in % units will be amplified and will be able to draw
more attention

i.e. HbA,  from 8.3 % to 7.9 % ->HbA,  from 67 to 63 mmol/mol

Diagnosis of diabetes
Potential use of HbA, for the diagnosis of diabetes because of a
better standardization of the analytical techniques.

A. Mosca 19

Studio ADAG
(Alc-Derived-Average-Glucose)

Tesi
E’ possibile predire una glicemia media

dei tre mesi precedenti il prelievo a
partire da una misura di HbA,

A. Mosca 20
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ADAG study

Study Population

. Type 1 and 2 diabetes (300 each) and 100
healthy individuals

. Stable glycaemic control

. Recruit diverse ethnic groups, incl. white, black,
Hispanic, Asian

. Range of HbA,, concentrations

ADAG study

Trial Design

. Measure HbA,. at baseline and all monthly visits
. SMBG (LifeScan) 4x/d at least 3 days/week

. Continuous glucose monitoring (CGMS, Medtronic)
over 48 h at 0, 4, 8 and 12 weeks

. 8-point SMBG (Hemacue) during CGMS
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ADAG study

AG over 3 months compared with HbA,, at end of Month 3

360

AL Mosca

90

Nathan D et al, Diabetes Care 2008

Ip/Bw

Consensus document

A. Mosca

24
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Consensus Statement on the Worldwide
Standardization of the Hemoglobin A1C
Measurement

The American Diabetes Association, European Association for the Study of

Diabetes, International Federation of Clinical Chemistry and Laboratory
Medicine, and the International Diabetes Federation

1. The HbA,, results should be standardized worldwide, including the reference
system and results reporting.

2. The IFCC reference system for HbA, represents the only valid anchor to
implement standardization of the measurement.

3. The HbA,; assay results are to be reported worldwide in IFCC unit (mmol/mol)
and derived NGSP unit (%), using the IFCC-NGSP master equation.

4. If the ongoing “average plasma glucose study” fulfills its a priori specified
criteria, an HbA, -derived average glucose (ADAG) value will also be reported
as an interpretation of the HbA, result.

5. Glycemic goals appearing in clinical guidelines should be expressed in IFCC
units, derived NGSP units, and as ADAG.

Diabetes Care 2007,;30.:2399

HbA

NGSP = 7.00 %

* According to Clin Chem 2004;50:166-174
** According to Presentation ADAG Study at EASD Meeting, Amsterdam 18 September 2007 (Provisional Results)
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eAG: a favore

Pazienti e medici, utilizzando la misura
dell’emoglobina glicata, possono riferirsi
direttamente alla glicemia media

Non c’é confusione con i nuovi numeri

Data la correlazione lineare tre eAG ed HbA,, si puo
subito trasformare I’HbA,, in eAG

| clinici sono gia abituati all’utilizzo di parametri
calcolati (eGFR, eLDL-c)

A. Mosca 27

Lo studio ADAG non include bambini, donne in
gravidanza, nefropatici, soggetti di origine asiatica

Le elaborazioni sono state effettuate unendo insieme
soggetti non diabetici, paz. con diabete tl e t2

Gli intervalli fiduciari della eAG sono molto ampi

La glicemia media stimata riduce il peso delle
fluttuazioni glicemiche (ampiezza e frequenza)

Non e detto che i dati del singolo paziente siano
identici a quelli della media della popolazione

A. Mosca 28




Predicting mean glucose from

HbA, .

HbA,. (%) eAG (mg/dL) int. fid. 95 %

5 97 (76 - 120)

6 126 (100 - 152)

7 154 (123 - 185)

8 183 (147 - 217)

9 212 (170 - 249)
10 240 (193 - 282)
11 269 (217 - 314)
12 298 (240 - 347)

The Diabetes Research in Children Network
(DirecNet) Study Group

‘For any given HbA,. level, mean sensor
glucose levels differed by .... 50 mg/dL or
more, making the conversion of HbA,
levels into mean glucose equivalents as
suggested by a recent ADA consensus
statement tenuous at best.’

DirecNet Study Group. Diabetes Care 2008; 31:381-385
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Standardizzazione IFCC dell’HbA,,

- il punto di vista dei produttori di diagnostici-

A. Mosca 31

Primary reference

materials

(IRMM 466 and 467) \ IFCC
Network

IFCC reference measurement

Secondary reference materials / procedure
(blood panels) : (HPLC-CE or HPLC-MS)
M

anufacturer’s internal

/ reference measurement
Manufacturer’s procedure

working calibrator
. Manufacturer
Manufacturer’s standing

/ measurement procedure
Manufacturer’s

product calibrator

\
/‘ Routine measurement procedure ‘ Individual

laboratory
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Report @

Implementation of standardization of HbA,_ ' “
measurement inerna

Summary of the meeting with manufacturers held in Milan,
Italy, December 12, 2007

IFCC officers: Rep! i of facturers:
Prof Mauro Panteghini, Chair of the IFCC Scientific Division Dawvid Ambruster, Lieselotte Lennartz (Abbott); Beate Saeger,

150}

Dr Garry John, Chair of the IFCC 5D WG on Standardization
of HbAlc (WG-HbA, )

Prof Andrea Mosca, Secratary of the IFCC S0 'WG-Hba,

Dr Cas Weykamp, Coordinator of the IFCC Network of Ref-
arence Laboratories for Hba,,

Takeshi Takagi (Arkray): Cathinca Vargmo, Kjersti Grimsrud
(Axies-Shiald and Vogt): Ben Irvin (Bayer); Elisabetta Della
Dea (Beckman Coulterl; Tamara Davis, Gianni Bertoli, Laura
Madia (Bio-Rad Lab ieal; Chistiane Wernz, Al d

Lain {Dia Sya Diagnostic Systems); Nick Mayor (Genzyma);
Francesco Caggiane {Manarinil; Bernd Vogt (Roche Diagnos:

tics); Genevigve Hennache (Sebial; Takuys Yotani (Sekisui
Chemical Co.); Mary Lou Gantzer (Siemens); Nancy Van Bij-
len (Tosoh Bioscience).
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Main meeting outcomes

1. Deadline for implementing traceability to the IFCC reference system is
December 31, 2009.

2. After January 1, 2011 all new instruments will report both SI units
(mmol/mol) and NGSP derived units (%).

3. The implementation of HbA,_ result in terms of eAG will not be an issue
of the analytical systems.

4. EQA programmes will have to use commutable control materials with
target values assigned using the IFCC reference measurement
procedure, together with a clear definition of the clinically allowable
total error.

5. The IFCC WG-HbA,, is willing to review the proposed manufacturer’s
traceability chain.

A. Mosca 34

17



Standardizzazione IFCC dell’HbA,.

- 1 prossimi step-

A. Mosca 35
Primary reference
materials
IRMM 466 and 467
( ) IFCC
Network

IFCC reference measurement

Secondary reference materials / procedure

(blood panels) \\ (HPLC-CE or HPLC-MS)
Manufacturer’s internal

/ reference measurement
Manufacturer’s procedure

working calibrator
. Manufacturer
Manufacturer’s standing

/ measurement procedure
Manufacturer’s

product calibrator

\
/‘ Routine measurement procedure ‘ Individual

laboratory
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Global standardization of HbA, .
- results reporting -

Country IFCC NGSP eAG other timeline
numbers  numbers (starting from)

USA no yes yes nd 2008 August
Sweden yes yes yes Swedish (@)

numbers
Japan yes no no JDS (@)

numbers
UK yes yes no 2009 June 15t

(dual reporting
up to June 1st 2011)

Germany yes* yes (@) (@)

IFCC Network yes no no 2008 August

* Only for EQAS organizers and manufacturers

A. Mosca 37
N [NHS|
Diabete;?/ National Diabetes Support Team
UK
b The Assoclation for
Clinical Biochemistry
HbA;, Standardisation
For Clinical Health Care Professionals
Diabele’s? National Diabetes Support Team
UK
The Association for
Clinical Biochemistry

HbA,  Standardisation
For Laboratory Professionals

INHS!|

Diabete;j) Diabetes
UK

The Association for
Clinical Biochemistry

A change in reporting your HbA,_ results.
Information for People with Diabetes 38
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seconda bozza (versione 14 marzo 2009)

confidenziale

Raccomandazioni per I'implementazione della standardizzazione internazionale
dell'emaglobina glicata in Italia

Documento prodotto dal Gruppo di Lavoro GLAD (Gruppo di Lavoro Alc Delegati)
Componenti del Gruppo di Lavoro

Prof. Andrea Mosca (delegato SIBioC. Universita degli Studi di Milano) [coordinatore]
Sig.ra Maria Teresa Branca (delegato OSDL...)

Dott.ssa Mariarosa Carta (delegato SIMeL, Az Osp. di Vicenza)

Dott.ssa Maria Ludovica Genna (delegato ATPaC, Az. Osp. RN Cardarelli. Napoli)
Dott. Carlo B. Giorda (delegato AMD. ..}

Sig.ra Rosangela Ghidelli (delegato OSDL Az. Osp. 5. Anna. Como)

Sig.ra Germana Ghislandi (delegato FAND....)

Prof. Dario Iafusco (delegato SIEDP/ISPED...)

Prof.ssa Annunziata Lapolla (delegato SID, Universita degli Studi di Padova)
Dott.ssa Vera Buondonno Lombardi (delgato FAND.,..)

Dott. Carlo Augusto Lovagnini Scher (delegato AMD....)

Dott. Maurizio Marra (delegato SIMeL., INRCA IRCCS, Ancona)

Dott. Gerardo Medea (delegato SIMG. Az. Osp. di Brescia)

Dott. Franco Meschi (delegato SIEDP/ISPED. IRCCS H. S. Raffaele. Milano)
Dott. Andrea Pizzini (delegato FIMMG. ASL Tonno 2. Torino)

Dott.ssa Antonella Radice (delegato SIMeL, Az. Osp. S. Carlo, Milano)

Dott. Francesco Rossi (delegato ATPaC. Az, Osp. RN Cardarelli, Napoli)

Dott. Raffaele Scalpone (delegato AID,.)

Dott. Gianni Tofini (delegato AID,...)

Prof ssa Mariella Trovati (delegato SID. Universita degli Studi di Torino)

Dott.ssa Martina Zaninotto (delegato SIBioC. Az. Osp. di Padova) 39

Conclusioni (HbA,.)

e |a standardizzazione IFCC ha sviluppato un
sistema di riferimento adeguato e robusto per
un analita di classe B (eterogeneo)

|l sistema di riferimento € gia implementato per
la calibrazione dei produttori di diagnostici,
deve esserlo per i professionisti di laboratorio

e |la standardizzazione & un processo
collaborativo lungo che coinvolge diversi livelli
di responsabilita e di azioni concertate di tipo
trasversale

A. Mosca 40
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