Minutes of the IFCC Working Group on Standardization of Thyroid Function
Tests (WG-STFT) meeting at AACC 2006, July 24, 2006 (Dr. Linda Thienpont,

August 14, 2006)

The meeting was opened by Dr. Jocelyn Hicks, President of the IFCC. She emphasized the
importance of the Working Group and wished the group good progress.

Dr. Linda Thienpont (chair of the IFCC Working Group), reviewed the background for
the standardization of TT4 and FT4 measurements and presented the work that has been
done within the EU-project GBRD-CT-2001-00587 (presentation attached). In summary (see
also Table), she showed that the reference measurement system for TT4 is available and
could be used by industry for the standardization of TT4 measurements. The reference
measurement system for FT4 is near to completion (paper will be published in the
September issue of Clin Chem 2006, 52), however, requires a clear definition of the
measurand, the endorsement of the proposed standard measurement procedure, and its

transfer to another laboratory.

Reference measurement systems for TT4 and FT4 measurement

Total T4 (TT4)

Free T4 (FT4)

Measurand

Amount of substance
concentration (nmol/L) of T4
in serum/plasma

Amount of FT4 in serum or
serum water (pmol/L serum
or pmol/kg serum water)

Primary reference material

Pure T4, certified for its
content (CRM IRMM-468;
http://www/irmm.jrc.be)

Pure T4, certified for its
content (CRM IRMM-468;
http://www/irmm.jrc.be)

Reference/standard
measurement procedure

ID-LC/MS reference
measurement procedures
(UGent; UBonn; LGC; NIST)

Equilibrium Dialysis ID-
LC/MS standard ($)
measurement procedure

Standardization procedure

Method comparison
reference/routine with single
donation sera manufactured
by the CLSI C37A protocol

Method comparison
standard/routine with single
donation sera manufactured
by the CLSI C37A protocol

ID-LC/MS: Isotope Dilution-Liquid Chromatography/Mass Spectrometry

CLSI: Clinical and Laboratory Standards Institute (formerly NCCLS)

$ Proposed as standard measurement procedure because it could not be proven that
equilibrium dialysis represents the true serum water.

After Dr. Thienpont's overview, other members of the Working Group took the opportunity to

give a presentation.

* Dr. Graham Beastall presented on behalf of the British Thyroid Association (BTA). He
welcomed the standardization efforts and supported the Working Group. He stressed that
the public opinion in the UK has lost some faith in thyroid hormone measurements due to
the discrepancy of results between assays.



* Dr. Jim Faix (Stanford University medical Center, CA, US) focused on FT4
measurements. He gave an overview of the currently available formats and emphasized
the importance of standardization thereof.

» Dr. Alec Ross presented on behalf of the European Thyroid Association (ETA). He
welcomed the IFCC initiative and expressed full support by the ETA. He reviewed the
challenges for developing routine procedures for FT4 measurement and gave full support
for the proposed equilibrium dialysis ID-LC/MS standard measurement procedure for
FT4.

After the presentations, the discussion was opened of how to proceed with the
project. There was general agreement of all parties present that standardization of FT4 &
TT4 measurement would be desirable. It was also expressed that, strictly speaking,
standardization of TSH measurements would have priority in view of the analyte's eminent
diagnostic importance. Currently, however, standardization of TSH measurement is
problematic because of the absence of a reference measurement procedure. Therefore,
further discussions were restricted to FT4 and TT4 measurements. There was general
agreement that the technical requirements for TT4 standardization are available. With regard
to FT4, there was the opinion that the proposed standard procedure needed further
validation (e.g., transfer to a second laboratory, which is already foreseen). There was an
intense discussion of how to implement the standardization process. Industry expressed the
opinion that clinical indications should be identified that show the need and the benefit of
standardization of thyroid function tests. As example, FT4 testing in antenatal screening for
thyroid failure was discussed. This application indeed requires harmonized trimester-specific
FT4 reference intervals as a basis to decide on T4 supplementation. Industry also expressed
the view that the standardization process should be a coordinated one, with a clear timeline,
international implementation rules, and thoroughly discussed with all involved parties. The
standardization of serum creatinine measurement was used as example, which is important
for its use in calculating an estimated GFR. It was regretted that no representative of the
American Thyroid Association was present at the meeting.

Way forward

Technical issues to be addressed by the Working Group

e The Working Group will propose a definition of the measurand FT4, which is then
submitted to [FCC for formal endorsement.

e The Working Group will propose the FT4 procedure developed by Dr. Thienpont's group
as standard measurement procedure, which is then submitted to IFCC for formal
endorsement.

e The proposed FT4 standard procedure shall be transferred to another laboratory (Dr.
Masao Umemoto has aiready been contacted and agreed to establish the procedure at
HECTEF, Japan).

Issues related to agreement on standardization and its implementation

o Identification of clinical needs for standardization of TT4 and FT4 measurements.

e Integration of the American Thyroid Association in the project.

o Establishment of a consensus forum (thyroid associations, laboratory medicine
associations, manufacturers, regulatory authorities) that plans and coordinates the
standardization of thyroid measurements and its implementation in practice.

o Contact diagnostics industry worldwide, by publication in specific journals such as IVD-
Technology



puejal| ‘alej) "0
sliin s.ueybe(eD,0

¥Zy1£89-69-¢G¢+|  oI'sndwAjo@ueyuiw[eyoiw UBYS9WSIT sndwA|Q UBYIUIN SIN
Aley ‘ouelliN 26102 ds 204l

9082 ¥06€ 20 6E+ Wwun@iuiybsjued-oinew . 1SSl 'g'9 BIA ue|I Jo AlistaAiun lulybsjued oinepy
MN ‘rdo gt 1giseleg as 004l
‘[e)ndsoH eUoPIA [eAoy Isejleq

€)509/-0682-7v+ yn-oe qnb@BunoA | ‘audipalA jo ydag AjisIaaiun s,usanp Buno, uegj
uolnelnossy

ce9v LLC Lyl-vy+

yn°610"wayosoI1q-ub@)|eiseaqb

MN 4S0¥O
mobse|o ‘Aeuyu)

|leAoy ‘yoolg "uijo '1daqg

ploJAyl ysnug
‘MN [eydsoy AjisiaAlun
mobse|9) yUON

[[eiseag weyels

9¢¢ 209-9G88-67+

W02 8Y20J®EY|0ISBI0 SBWIOY)

Auewlag

‘Biaqzuad g/£28-a
PIEMUSUUON

sonsoubelq ayooy

B)joisal) sewoy |

Ajsiway) [eonAjeuy

wnibleg ‘uso 0006-9 loj Aiojeloqe
wo2 Bunnsuoo-s@ewialp 2/ leensayaqjoliey ‘AlsIaAIlUN JuByS PI00IS Jewsaiq
Ansiway) [eanhleuy
wnibjag ‘a9 0006-9 1o} Aojelsogen] aybuepin
aquabn@®@aybuepjAinuea’ussjiey 2/ 1eelsayaqglaleH ‘AlIsIaAlun Jusyo) ueA ussfiey
Ajsiway) |eonAjeuy
wnibjeg Y89 0006-9 loj Aojelsoge]
¥0 18 ¥9Z-6-C¢E+ aqjuabn@juodualyy epul| ¢/ jeelisexaqlaieH ‘AjIs1oAlun Juays juodualy] epuly
auoydsje | [lew-o sSsalppy uonel|iygy aweN

S99pUdjIe JO 1SIT

9002 ‘v AInf Aepuoiy ‘obeosiy) Aouabay jeAH :enuap "900Z Bunasyy [enuuy
OOVYV "(L41S-DM) sisal uonound ploJAy] jo uonezipsepuels uo dnois Buiyiops OO4I, Bunesw jesnbneu)




L10€CY S6.LL-Vy+

woo-oedips@axoed -uowls

MN ey ‘swnogbumis
‘PH %O peoiq

P¥10VdIOS

layoed uowig

0€69-¥61-81G-1 +

610" ypuomspem@wi

SN ‘AN ‘Aueqly
18)uaD YUomspepA

UieeH jo "wpeds(
‘a)el1s JIoOA MeN

ong ulwIyZ wi |

G68/-89€-256-1 +

woo uewyoaq@pueody

SN ‘NI "‘Bxseyd

Jaynon uewosg

pUBLIO UBBjyIe]

¥.9/-89€2S6- |+

Wwoo uewoaq@uosuyoes|(

SN ‘NI ‘exsey)d

JajIno)H uewosg

uoSLIMOBS Ssaluer

$£8909SY L-€E+ Jp'sndwAjo@uossuq’jelueys aouel ‘sibuny sndwA|O uossug |ejueyd
©€8009G11L0L-SE+ JyrsndwAjo@iabol-ausidaliewl aouel{ ‘sibuny sndwA|0 1960y aulald-aue|\
gecel
X8 0028-G¥9-01E-L+ aulluo-odp@lly| (SN) VO ‘sejebuy so 2dd I 194
0028-G¥9-01LE- |+ woo suljuoodp@ybnewny | (SN) vO ‘sojebuy so 2dd ybnep Auye
6187
Xo 28/1-¢/€-008-L+ wooauluoadp@iizm | (SN) VO ‘sejebuy so 0dd I7 8YZusp\
spueayleN ‘usbawlN uabawiliN
gH 0009 ‘L0L6 ‘aljua) |edIpsiy
9/¢v19€ v¢ LE+ |uuown-soe@)ssole Xog ‘O'd 30V 6.V ‘Aislsniun pnogpey SSO0Y 9y

auoydaja |

[lew-9

ssalippy

uoneligy

aweN




1019
71261 30 MEVYMIN
1019 x0d Od

woo bulyaqapep®@9|IN MO | ‘ZzlL SN ‘@Aug 089 001 Buuyeg speqg J9|IIN o1y
SN ‘AN ‘Aueqy

LOLSY.v-8LG-L+ Bio'ypomspem@®@qoq J8jua) yuomspepy | yjeaH jo 'ideg SAN foy poqoy
GOSY6

1G81-9€/-0G9-1+

npa’pJojueis@xie) wif

VO ‘plojuelg ‘Z0GLH
N @ALIQ Jn3)Sed 00¢

Ajsianiun piojuels

Xleq4 ‘qQ sewer

6€1-18-¢82-1 8+

dl-oe pawoApop@uLIal

ueder ‘€620
-1Z¢ 16yoo] ‘nqIN
‘IyseAeqoxeny 088

uoneIoSsy
ploJAy] aseuedep
‘QUIDIPSA JO |00YIS
Alsianiun oApog

LIS] olwe ]

9G1E-€G8-64-18+

dl-oeeqnyns} oo-einyes@emny

ueder ‘eqnyns}
‘lepous] L-}-1

eqnyns] Jo AlsIaAlun

BMNY| oyiynsiey

SyL0-v18-¥P-L 8+

Jourzpojeb@ols-jo108y

ueder
‘ny-nsieye] ‘opeyes
1-2-€ ‘G00} V dSM

19)ua)) aoualIv)eY
plepuels 431 0dH

1IysoAlln4 ojowo |

¥.9€-v2S-v16-1+

Eoo.l_o>mn@n.>__odmo¢9®a

16G0} AN umolhue]
‘OAY J0lpauag 11§

aJe) YyesH Jokeg

Ajjouuon usyad

auoydsjo |

[lew-o

ssalppy

uonel|iy

aweN




' IFCC Working Group
- on Standardization of
] Thyroid Function
Tests (WG-STFT)

Linda Thienpont
linda.thieanpont@ugent.be

Need for standardization: Test results

Kit/instrument dependency of FT4 measurement results

Euthyroid RI Interval
Kit/System {(pmol/L) {pmol/L}
A 7.6-15.1 7.5
B 8.9-233 14.4
C 12.0 - 22.0 10.0
D 10.0 - 28.2 18.2

Introduction

Need for standardization: Legal requirements

Directive 98/79/Ec N G€-

of the European Parliament and of the Council of 27
October 1998 on in vitro diagnostic medical devices.

ENISO 17511 Bk (e

In vitro diagnostic medical devices — Measurement of
quantities in biological samples — Metrological
traceability of values assigned to calibrators and control
materials.

> Metrological traceability

o ol
'[“ Introduction

(o)

Need for standardization: Scientific support

National Academy of Clinical Biochemistry 1
Guideline {2002): Laboratory Support for the %
Diagnosis and Monitoring of Thyroid Disease.

Clinlcal and Laboratory Standards Institute =
C45-A (2004): Measurement of Free Thyroid &
Hormones; Approved guldeline.

College of American Pathologists
Analytic Bias of Thyroid Function Tests.
Arch Pathol Labor Med 2005;129:310-7.

IFCC
Working Group on STFT '[‘-"

e ————————

IFCC Council I

Executive Board

-

Scientific
Dlvision

Communlcatlons
& Publications
Dilviston

Educatlon &
Management
Divislon

Congress &
Conference
Divislon 3

| Commitiees

Working
Groups

' o
',CC Scientific Division

Mission statement

Instigate and promote developments in the field of
standards and standardization in laboratory medicine

Committees & Working Groups
m Committees are "theme oriented"
u Working Groups are "task oriented"

0 Working Group on Standardization of Thyroid
Function Tests: WG-STFT




[F————

L WG-STFT members

Prof. Dr. L.M. Thienpont, Chair {Gent, BE)

Prof. Dr. J. Thijssen (Utrecht, NL)

Prof. Dr. C. Ronin (Marseille, FR)

Mr. R. Miller (Dade Behring, Newark, DE, US)

Dr. M. Rottmann (Roche, Penzberg, DE)

Dr. N. Christofides (Ortho-Clinical Diagn., Cardiff, UK)

Dr. J. Faix (Stanford University Medical Center, CA, US)

UDSr) G. Miller (Virginia Commonwealth University, Richmond,

Dr. B. Toussaint (JCR-IRMM, Geel, BE)

Dr. G. Beastall (British Thyroid Association)
Dr. H.A. Ross (European Thyroid Association)
Prof. T. leiri (Japanese Thyroid Association)

.;Fc .:\ING-STFT B

"Terms of reference”
Develop reference measurement systems for thyroid
function tests

Current project
Develop reference measurement systems for serum Total
T4 (TT4) & Free T4 (FT4)

m Definition of the measurand

[
L Traceability chain — SI

7 | Material Procedure
o A Calibration & Valuo assignmant

Definition of Sl-unit

u Unit F Y
m Primary calibrator
measuremen A
m Reference measurement procedure o Primary calibrator
u Reference materials 2 y
= measurement procadure
= Method comparison reference/routine i) Manulacturor's
2Traceability chain 3 B
o 2
© Manufacturer's
R
| i
*See also: measurement procedure
Thienpont LM, Van Uytfanghe K, De Leenheer AP. Reference
measurement systems in clinical chemistry [Review]. Clin Chim Acta
2002;323:73-87.
" I

Achievements

nTT4
n FT4

EFELL Reference measurement system for TT4

Available through EU-project G6RD-CT-2001-00587*

m T4 in serum/plasma

nmol/L
CRM IRMM-468 (http://www/irmm.jrc.be)

ID-LC/MS reference measurement procedures
performed within a Network of reference laboratories
{UGent; UBonn; LGC; NIST)

m  Serum reference materials

*See also:

s Thienpont LM et al. Metrologic traceability of total thyroxine measurements in
human serum: efforts to establish a network of reference measurement
laboratories. Clin Chem 2005;51:161-8.

m Thienpont LM et al. Feasibllity study of the use of frozen human sera in split-
sample comparison of inmunoassays with candidate reference measurement
procedures for total thyroxine and total triiodothyronine measurement. Clin
Chem 2005;51:2303-11.




 —
"“ Method comparison TT4*

A T o
-
g
200
Foo /

el Y=ONTEN « 2470

*See also: il e |
Thienpont LM et al. o 100 w0 £

Feasibility study of the use
of frozen human sera in
split-sample comparison of
fmmunoassays with
candidate reference
measurement procedures
for total thyroxine and total
trilodothyronine
measurement. Clin Chem
2005;51:2303-11.

2

Immunozssay {nmol/L)

Q 50 100 150
ID-LC/MS cRMPa (nmoliL}

& Method comparison TT4

Commutability problems

™ _—‘
O EU panel

O Fresh serum

8

Immunoassay A (nmol/L)
H

° 100 200
1D-LC/MS cRMP (nmoliL)

u Problems also observed with FT4 measurement

_-V-_.L i

@ Commutability — Pilot study

Participants

u Dade Behring (Newark, US)

= Roche (Penzberg, DE)

u Ortho Diagnostics (Cardiff, UK)

Single-donation sera

= Prepared by Solomon Park Research Inst. (Kirkland, US)
= CLSI C37-A*

= Not filtered

Measurement of TT4 and FT4
= 1 month

= 3 months

= § months

“See also:
Preparation and Validation of Commutable Frozen Human Serum Pools as

Secondary Reference Materials for Cholesterol Measurement Procedures (1999).

(i
IFCEL cLsicsr-a

Production — Some details
= Blood collection with plastic blood bag (ice water)
(avoid contact with plastic, lipoprotein alteration)

m Centrifugation of cold blood bags (= plasma with
adequate platelets for clotting)

Aseptic transfer of plasma into sterile glass bottles
Clotting

Aseptic separation of serum

[Filtration (critical analytes measured before/after)]

Aliquoting (in borosilicate glass vials with Teflon®-
lined caps) and freezing at —70°C

All manipulations in one center within 48h

o ———
% 5=
"‘: Reference measurement system for FT4

Definition of the measurand

Unit

Primary calibrator

Reference measurement procedure
Reference materials

Method comparison reference/routine

'@,j_ﬂ'l-_ Sl

L Definition of the measurand

T4 in serum water
(=FT4)

:];lzD H0
h,0 T4 MOy HO

HO WO

ter

wa

£
ih
I Equilibrium

o
rote
AT4T474

Serum




‘ The measurement system

Serum water vs serum

70 g proteins

Concentration Concentration
100 units/L (water) 93.5 units/L (serum)

= “Protein displacement effect"

m pmol/kg serum water?
un pmol/L serum?

= Needs to be defined!

" ol ———

L Primary calibrator

T4 CRM IRMM-468 (http://www/irmm.jrc.be)

"-t Institute  for. Reference:

* and Moasuremonts,

CERTIFIED REFERENCE MATERIAL
IRMM-468

CERTIFICATE OF ANALYSIS

THYROXINE (T}
hass frachion
S Certhed yahug ™ Tneeriany ®
151 f
Thyradine {Tal %6 o7

1) Tha csrifed valus Is 10> fwilly st Lbng it comdderaton ovgaric 12sHuey, walsr. #hand and
organle iguiiies deleatls by HPLCUY and HFLCHES. Ths cerdbad value ks Iracadble 1 the
Intermation3l Sysi=m ot LAWs 151}

21 The canied tmcetakily |5 e mported umselalil, esthmted R dooodancs Al e Guie lo he
Expraivon of Unzerlinty n Measwemzil «5UNL H i wxlressel AM1 0 coserage lackie & = 2
Comesoning 10 o b ¢6l of QoIIES Cf Jbotd 85

" L

'f“ Reference measurement procedure

ne

Are we able to measure FT4
trueness-based?

Current situation

Directly:
NO

In separated
serum water:

YES (ID-MS)

U al———

UFLL Generation of serum water

Technically feasible

v

Ultrafiltation (UF)

¥

Equilibrium dialysis (ED)

m_ o 3
Ld

LL Generation of serum water

What about the equilibrium?

Identical?

Unknown!
Separation may break the Sl-traceability chain!




[ —

‘ Generation of serum water

EU-project: Investigate comparability between UF & ED

Work hypothesis

If it can be shown that UF and ED produce "serum water"
with identical T4 concentrations, one can infer with
sufficient probability that the serum water they generated
is the "true" water fraction present in serum

Model sample

m T4 spiked albumin/buffer solution (~5 uM) with a
FT4 fraction of ~1% (nM concentrations of FT4)

m Buffer: HEPES-buffer (pH = 7.4)

m_ =

'{“ Comparability between UF and ED

Results for model sample (n = 38)
x UF 10 K : highest results

n ED 1 -1.9%
s UF3K 1 -5%
Conclusion

Currently, there is no evidence that "true"” serum water
can be generated

= No trueness-based reference measurement
procedure!

.@._ﬁ’-—
L Si-traceability of FT4 measurements

The whole truth and
nothn g bl_l the truth?

Unfortunately NOT!

"“ Standardization alternative

Standard measurement procedure

Proposal by the WG-STFT*
u Standard ED procedure
m ID-LC/tandem MS measurement of T4 in dialysate

> Needs to be agreed upon!

*See also:

Van Uytfanghe K, Stdckl D, Ross HA, Thienpont LM. Use of frozen sera
for the purpose of FT4 standardization - Investigation by equilibrium
dialysis combined with isotope dilution-mass spectrometry and
immunoassay. Clin Chem (in press)

l": Reference materials

e

n Pilot study

Lo = T
."‘ Method comparison FT4

Pilot study with C37-A prepared sera (without filtration)*

20

* Dlmenslon RxL {Dade Behring)
* Elecsys 2010 (Roche)
* Vitros Eci (Ortho)

=184

6 a 10 12 % 18 18 20
EDAD-LC/MS {pmolf)
*See also:
Van Uytfanghe K, Stockl D, Ross HA, Thienpont LM. Use of frozen sera
for the purpose of FT4 standardizalion - Investigation by equilibrium
dialysis combined with isotope dilution-mass spectrometry and
immunoassay. Clin Chem (in press)




'F‘ | _(:,onclusion

Reference measurement systems
n TT4 : available
s FT4 : available

= If there is agreement on the units and
standard measurement procedure

= If a 2nd reference laboratory can be
involved

'l'cc Conclusion

Possible immediate action
m Preparation of a TT4 reference panel and method
comparison

Reference panel

m 1 30 Selected single-donation sera

u 3 Sera supplemented with T4

m Prepared according to the CLSI C37-A protocol
(without filtration)

Aliquoted in 1-mL portions

Certified by 2 RMLs

Price quotation (n = 20): * 5 000 USD ( 3x1-mL per
serum)

= Shipment on dry ice

l[‘c Points of discussion
u [s the time ripe for standardization?
m Include TSH?
m Structure?
m Finance?
m Timeline?




