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PTH determination:
Two generations of assays

present on the market



PTH (1-84) Large C-terminal fragments

Amino-PTH Truncated fragments




PTH (1-84) Large C-terminal fragments

Second generation PTH assays

Amino-PTH «intact» PTH » Truncated fragments
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Large C-terminal f
3'd generation PTH assa
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PTH PTH PTH Median
Assay (ng/lY  (ng/l) (ng/l) bias (%)
Allegro intact PTH 150 300 1000 0
N-tact PTH IRMA 853 160 517 449 (—-68.0; —26.2)
FTH IRMA Tmmunotech 188 ECE I FA T 230 (=6.7; 108.3)
ELISA-PTH 149 290 S48 =16 (—24.3;47.2)
Total intact PTH IRMA 134 262 857 —145 (—41.5; 23.5)
| DEL PTH IRMA 323 638 2108 1230 (53.; 188.9) |
DSL PTH ELISA 264 523 1734 796 (—-8.0; 180.9)
Elecsys PTH 161 31 1011 73 (-=13.8;803)
Immulite 2000 intact PTH 212 410 1334 378 (3.8 1308)
PTH-ACS 180 185 374 1256 188 (—9.9; 69.4)
PTH AdviaCentaur 168 342 1154 95 (276; 556)
Intact PTH advantage 174 139 1109 146 (=104: 722
LIAISON N-tact PTH 111 223 748 234 (—68.2; —1.9)
Ca-PTH IRMA 84 165 543 —448 (—65.6; —22.8)
Biolntact PTH advantage 109 214 704 =276 (-53.0;125)

Souberbielle JC, Kidney Int, 2006‘6 LIEGE
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PARATHYROID HORMONE - d (%) : 34.0 R/12493
METHOD M:’;’;f” n%?L S | Niabs
100 Diasource - hPTH-120 min-IRMA 46.10 50.80 50.80 3
110 Diasorin - N-TACT PTH SP IRMA 79.00 100.00 2
111 Diasorin - LIAISON 1-84 PTH 50.00* | 4.71 | 9.4 20
112 Diasorin - LIAISON N-TACT PTH Il 77.30
130 Coulter - ACCESS Intact PTH 80.75 578 7.2 6
140 Abbott - ARCHITECT Intact PTH 109.50 | 15.12 13.8 14
150 Siemens - ADVIA Centaur iPTH 96.45 5.82 6.0 16
160 Siemens - IMMULITE 2000 Intact PTH 73.10 7.34 10.0 13
170 IDS -iSYS Intact PTH 67.3069.3081.10 3
180 Roche - PTH Intact 82.80f | 5.23 6.3 38
190 OCD - VITROS iPTH 95.70 2.08 22 9
Global results (all methods and all measuring systems) 82.00 | 16.31 19.9 125
ngil n=3 n=2 n=20 n=1 n=6  n=14 n=16 n=13 n=3 n=38 n=9
120 T
100 = * i

. Data out of graph
T . Method Value

- : 190 =130 ng/L
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SOURCE: Belgian Institute of Public Health, survey 2013/3
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Would it be possible to
standardize PTH assays?
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Requirements for C
PTH assays standardization.

® International wiﬂingness to standardize the assays under IFCC auspices.

® Commutable International standard available to calibrate the assays

® Universally accepted Reference Method Procedure (LCMS/MS)
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2010: IFCC Working group on PTH C

standardization
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Attendees at the London meeting in September 2010 were Alison Almond. Scottish Eenal Registry; Gordon
Avery, Abbott Diagnostics; Barth, Julian, UK Association of Clinical Biochemists (ACB); Graham
Beastall; Frank Blocki, DiaSornin; Chris Burns, National Institute of Biological Standards and Control;
Etienne Cavalier, University of Ligge, Belgium; Anne Dawnay, UK Renal Registry; Laurence Demers,
Pennsvlvania State University College of Medicine and American Association of Clinical Chemistry
(AACC); Craig Dixon, IDS; Agnes D" Souza, Roche Diagnostics; Andy Ellis, UK National External
Quality Assessment Service [UK NEQAS (Edinburgh)]; Sherry Fave, Beckman Coulter Eurocenter,
Switzerland; William D. Fraser, Umversity of East Anglia; Edmund Lamb, Kent and Canterbury Hospital;
Ernst Lindhout, Future Diagnostics; Stefan Lorenz, Abbott Diagnostics; Stefaan Marivoet, Tosoh; Jonathan
Middle; Alicia Racelis, Siemens Healthcare Diagnostics; Jean-Claude Souberbielle, Hopital Necker-
Enfants maladies, Paris; Stuart Sprague (by teleconference), Division of Nephrology and Hyvpertension,
NorthShore University HealthSvstem, University of Chicago Pritzker School of Medicine, Illinois and
Catharine Sturgeon, Roval Infirmary, Edinburgh.
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“2019: IFCC
Committee on

Bone Metabolism
C-BM

@

International Federation
of Clinical Chemistry
and Laboratory Medicine

Bone Metabolism (C-BM)

Membership

Name Position Country Term Time in Office

E. Cavalier Chair BE 1st 2018 01 - 2021 12
H.P. Bhatica Member  HU 1st 2010 02 - 2021 12
A Heijboer Member ML 1st 2018 02 - 2021 12
. Ulmer Member US 1st 201002 - 2021 12
5. Vasikaran Member Al 1st 2018 02 - 2021 12
. Delatour Consultant FR

. Sempos Consultant US

C. Sturgeon Consultant UK
H. WVesper Consultamt US

As of January 2018 the IFCC has recently created a3 Committes on *Bone Metabolism (C-BM)", formed by the joining of the already
existing Working Groups:

- Sfandsrdization of Bone Markers Azzsys (WE-BMA) in collaboration with 10F

- Parathyroid Hormone (WG-FTH)

- Vitamin O Sfandsrdizstion Program (WGE-Vit 0)

The Terms of Reference
= Standardize PTH assays
= Standardize or harmonize bone markers assays
= Standardize vitamin I metabolites assays

Current Projects
1. PTH assays

= Create liaison with International Endocrinolegical. Rheumatological and Mephological organizations

= Define the measurand [what we need to measure for all clinical situations)

= Dewelop a reference messurement procedure for PTH{1-84) and maoisties of clinical interest

= Ewvaluate the commutability of PTH International standard FTH B5/848 and the nead to create primary reference materia
» Regplicste the RMP in 2 second lab and creste a network of 3-4 reference labs

= Create an sccuracy-based external guality assessment scheme

= Constitute an appropriate and internzstional pane! of sera and plasma to establish PTH reference intervals

= Specify performance criteria for RMP and routine methods

= Provide services to manufacturers, notably by providing a reliable source for primary reference materizls

= Post-survey of the standardization efects

2. Bone markers assays
= Continue the liaison with 10F and extend to other relevant international societies
Current CTX and PINP project:

= complete the multicenter study and harmonize CTX and PINP assays

= Collaborate with EQAS provider(s) to improve the surveys

= Constitute an appropriate and international panel of sera and plasma to establish CTX and PINF reference intervals
= Post-survey of the standardizationfharmonization effects.

https://www.ifcc.org/ifcc-scientific-division/sd-  ruuwe prejece:

committees/c-bm/

= Select biomarkers to be stendardizedmarmaonized (g.: bone alkaline phosphatase, FGF-23, sclerosting.
3. Vitamin D metabolites

= Re-svaluate current WDEP performance guidelines for 28{CH)D

= Establish WVDSP performance guidelines for 24, 25{0H)20, C3-epimer and vitamin D binding protein

= Post-survey of the standardization efects

= Proposs services to reassess the true value of 250HD obtained in former epidemiological or interventional studies that had uss
non-standardized methods

List of Correzponding Members, nominated by Mational Societies
HName Full and Affiliate Member Societies
M. Herrrnann Austrian Society of Laboratory Medicine and Clinical Chemistry (OGLMKC)



Home About Us m Services Science Influenza UK Stem Cell Bank Contact

Home [/ Products / Biological Reference Materials / Product Catalogue / Detail page

Product Number 95/646

CH./

de Liege

NIBSC

Confidence in Biclogical Medicines

Product
Description

Type of Standard
Category
Instructions for Use
Keywords

Related Products
Customer Notes
Minimum Quantity

Unit Price

¢ LINICAL
HEMISTRY

Uliege

~JOO0UL
JO0000000L

Search site and catalogue

Parathyroid Hormone 1-84, human, recombinant{1st International
Standard)

WHO International Standard or Reference Reagent
Diagnostics > Protein Hormones and Endocrine Products

95-646 pdiTH

PTH 1-84 recombinant
This preparation is the 1st International Standard for PTH 1-84

1

£82.00
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Table 2 Relative recovery of added hPTH (1-84)

% “Recovery” £ 95% C.|

Method No of Synthetic hPTH (1-84) PTH (1-84) IS 95/646
Labs (Distn 141 results in brackets) (Distn 141 results in brackets)

All Methods 241 1362 +49 (132.0) 175.3-10.6 (158.5)
Abbott Architect 33 1737+ 121 (171.1) 203.4+127 {209.1)
Beckman Access 22 144 1 +41 (131.6) 1772+7.2 (154.4)
DiaSorin Liaison 1-84 PTH* 4 827 (-) (94.1) 102.2 (-) {104.5)
DiaSorin Liaison N-tact |l 1 91.2 (-) (134.3) 106.0 (-) (149.0)
Future Diagnostics STAT 4 206.7 (-) (205.9) 2482 (-) (241.9)
IDS ISYS 1 118.8 () (117.1) 137.8 (-) (127.9)
OCD (J&J) Vitros 2 1845 (-) (170.9) 2087 (-) (195.2)
Roche Elecsys* 126 1102+ 1.2 (107.7) 1497 +17.6 (132.3)
Siemens ADVIA Centaur 28 1684 +48 (158.5) 203.3+68 (184.3)
Siemens Immulite 2000 family* 18 2062114 (183.3) 2623 +17.3 (224 3)
Siemens Immulite 1 197.6 (-) (178.5) 2376 () (206.4)
Tosoh AIA 1 150.2 (-) (126.1) 183.1(-) (142.5)

*Excluding one laboratory who reported out of consensus results.

|

[UK[Y[=@Y.XS for PTH, ACTH & Calcitonin

Distribution . 148

Date . 14" July 2015

General Comments
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Figure 1 Relationship between recoveries of PTH IS 95/646
and synthetic hPTH(1-84) for methods with 2 or more users.
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| Distribution: 161 Date: 51" September 2017 i

General Comments

1. PTH - RELATIVE RECOVERY OF ADDED SYNTHETIC hPTH(1-84)

Pools UBGYS [Specimen PG51], USTO [Specimen P630] and UB7T1 [P649] respectively contained 120, 40 and 80 pmol/L of added
synthetic hPTH(1-84) (Peptide Institute, Japan) in a base of pooled EDTA plasma [Pool US68, Specimen P652] (SeraCare, USA).
Calculations of the added concentrations rely on the estimate of PTH per vial provided by the Peptide Institute. Recovery of added
PTH was estimated for each laboratory as the slope of the linear regression line of observed versus expected concentrations in all
three exogenous pools. These laboratory estimates were then averaged overall and within method (Table 1). Recoveries are
generally similar to those observed in Distribution 160 (August 2017).

Table 1 Relative recovery of added hPTH(1-84)

Method No of % Recovery (+95% Cl)

labs
All Methods 247 135.0 (+3.4) 1343 (+31.5)
Abbott Architect 34 15656 (£28) 154.7  (+6.6)
Beckman Access® 23 1357 (x29) 1365 (x47)
DiaSenn Liaisen 1-84 PTH 5 9.4 (£ 5.0) 985 (£ 102)
Future Diag STAT 5 2076 [+ 693) 2248 (£ 541
DS iSYS 1 1194 () 1242 (9
OCD (J&J) Vitros 2 176.2 () 165.9 (-
Roche Elecsys 138 1191 (=1.1) 1211 (£1.0)
Foche Elecsys (Bio) 3 872 () 842 ()
Siemens ADVIA Centaur 28 166.1 (£5.0) 161.2 (x7.2)
Siemens Immulite 2000 family 5 2103 (£74) 182.7  (x23.6)
Siemens Immulite 2 1942 () 168.7 ()
Tosoh AlA 1 141.7 () 1404 (9)

* Excluding one laboratory who reported an out of consensus result.

There are significant between-method differences in recovery but the recovery estimates can be regarded only as indicators of
relative between-method differences. They are not indicators of accuracy of method calibration, as would be the case if an
International Standard was used for calibration. [Most manufacturers have not yet calibrated their assays with PTH (1-84) IS
95/646.]
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l Distribution: 165 Date: 15 May 2018 I

General Comments

1. PTH - Recovery of added synthetic hPTH(1-84)

Pools U883 [Specimen PB66], UBBY [Specimen PE67] and U890 [Specimen PG68] respectively contained 150, 30 and 15 pmol/L of
added synthetic hPTH{1-84) (Peptide Institute, Japan) in a base of pooled EDTA plasma [Pool U887, Specimen P665] (SeraCare,
USA). Calculations of the added concentrations rely on the estimate of PTH per vial provided by the Peptide Institute. Recovery of
added PTH was estimated for each laboratory as the slope of the linear regression line of observed versus expected concentrations
in all four pools. These laboratory estimates were then averaged overall and within method (Table 1). Recoveries are similar fo
those observed for the same pools at Distribution 164.

Table 1 Relative recoveries of added synthetic hPTH(1-84). [95% confidence intervals are shown]

Relative recovery (%) of synthetic hPTH(1-84)
[+ 95% confidence limits shown]
Method No. of Distribution 165 Distribution 164
Labs

All Methods 244 1479 =45 1548 =52
PTH Method Group 1 230 146.7 +3.8 1534 =+5.2
Abbott Architect 35 1879 =38 2010 =51
Beckman Access 26 160.9 =62 1598 +40
IDS iSYS 1 1378 () 1347 ()
0CD (J&J) Vitros 2 2068 (- 2007 ()
Roche Elecsys* 145 1271 1.2 126.1 £12
Siemens ADVIA Centaur 16 1909 =78 1989 =71
Siemens Immulite 2000 family 3 198.2 (-) 213 +176
Siemens Immulite 1 218 () 2373 (-
Tosoh AlA ] 1316 (-] 1660 (-}
PTH Method Group 2 9 105.8 +6.3 103.6 =+8.2
DiaSenn Liaison 1-84 PTH 5 120 =43 98.0 +85
Fujirebio Lumipulse 1 U6 () 959 ()
Roche Elecsys (Bic) 3 99.3 (- 113.3 ()
FIH Method Group 3
Future Diagnostics STAT 5 | 2798 =zs541 | 3004 £313

*Excluding one laboratory who reported an out-of-consensus result.
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Adapted from 2017/2 Belgium IPH external control, with kind permission.
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SPECIAL FEATURE

Consensus S5tatement

Diagnosis of Asymptomatic Primary
Hyperparathyroidism: Proceedings of the Fourth
International Workshop

Richard Eastell, Maria Luisa Brandi, Aline G. Costa, Pierre D"Amour,
Dolores M. Shoback, and Rajesh V. Thakker

Measurement of PTH and Calcium

Question 1A: Do third-generation PTH assays
perform better clinically than second-generation
PTH assays for the diagnosis of PHPT?

(1), that the diagnostic sensitivity for PHPT is similar be-
tween second- and third-generation PTH assays (Table 1).
It is important to have the adequate reference range tor
each assay to determine whether PTH concentrations are

elevated.



LCMS/MS methods?



Clinical Chemistry 56:2
306-313 (2010)

Endocrinology and Metabolism

Quantification of Serum 1-84 Parathyroid Hormone in
Patients with Hyperparathyroidism by Immunocapture In
Situ Digestion Liquid Chromatography-Tandem
Mass Spectrometry

Vivek Kumar,' David R. Barnidge," Li-Sheng Chen," Jolaine M. Twentyman," Kendall W. Cradic,'
Stefan K. Grebe," and Ravinder J. Singh'”

BACKGROUND: Immunoassays specitic for 1-84 parathy-
roid hormone (PTH) reportedly reflect the bioactivity of
PTH; however, PTH immunoassays can be susceptible to
interference by cross-reacting PTH fragments. In addi-
tion, these assays currently lack standardization. A meth-
odology using immunocapture purification with liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) detection, along with a stable isotope-labeled inter-
nal standard, may help address these issues.

MmEeTHODS: We isolated 1-84 PTH from 1 mL serum by
immunocapture on a 6.5-mm polystyrene bead, The
immaobilized PTH was digested in situ and analyzed by
LC-MS/MS. For quantification, we used the selected
reaction monitoring response from the N-terminal
tryptic peptide 1-13 PTH ('SVSEIQLMHNLGK ).

resuLts: The linear range of the assay was 39.1-4560
ng/L, and the limit of detection and limit of quantifica-
tion were 14.5 ng/L and 39.1 ng/L, respectively. The
intraassay CV's ranged from 6% to 11%, and the inter-
assay CVs ranged from 7% to 17%. Interference by

TTIT fanicaatn 1 A4 TVTTIT 7 04 DFLT 42 €0 TVTTI

LOQ: 39.1 pg/mL
-Hgf

de Liege

The pivotal role of parathyroid hormaone (PTH)® in
calcium regulation makes its measurement an impor-
tant part of the assessment of hypocalcemia, hypercal-
cemia, metabolic bone disease, and parathyroid gland
tumors. PTH is synthesized in the parathyroid glands
as a 115—amino acid precursor (prepro-PTH), cleaved
to pro-PTH, and then to the bioactive 84-amino
acid polypeptide (1-84 PTH or intact PTH). After
secretion, 1-84 PTH has been reported to undergo
rapid metabolism to form carboxyl-terminal,
amino-terminal, and midmolecule fragments (1, 2).
With mass spectrometry—based methods, 4 human
C-terminal PTH peptide fragments, hPTH(34-84),
hPTH(37-84), hPTH(38-84), and hPTH(45-84),
have been identified from plasma of healthy post-
menopausal women who were given 100 jug recombi-
nant hPTH by subcutaneous injection or a 15-min in-
travenous infusion (1 ). Similar fragments were also
observed in a plasma pool from patients with chronic
renal insufficiency (). In a different study, additional
C-terminal PTH fragments were also identified from
parathyroid cells isolated from glands obtained at

Clinical Chemistry 56:2
281-290 (2010)

~JOO0UL
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Proteomics and Protein Markers

Selected Reaction Monitoring—Mass Spectrometric
Immunoassay Responsive to Parathyroid Hormone and
Related Variants

Mary F. Lopez,’ Taha Rezai,” David A. Sarracino,” Amol Prakash,’ Bryan Krastins," Michael Athanas,?
Ravinder J. Singh,® David R. Barnidge,® Paul Oran,* Chad Borges,® and Randall W. Nelson®>"

BACKGROUND: Parathyroid hormone (PTH) assays able
to distinguish between full-length PTH (PTH1-84)
and N-terminally truncated PTH (PTH7-84) are of
increasing significance in the accurate diagnosis of
endocrine and osteological diseases. We describe the
discovery of new N-terminal and C-terminal PTH vari-
ants and the development of selected reaction moni-
toring (SRM)-based immunoassays specifically de-
signed for the detection of full-length PTH [amino acid
(aa)1-84] and 2 N-terminal variants, aa7-84 and
aa34-84.

METHODS: Preparation of mass spectrometric immu-
noassay pipettor tips and MALDI-TOF mass spectro-
metric analysis were carried out as previously de-
scribed. We used novel software to develop SRM assays
on a triple-quadrupole mass spectrometer. Heavy
isotope-labeled versions of target peptides were used as
internal standards.

resuLts: Top-down analysis of samples from healthy
individuals and renal failure patients revealed numer-
ous PTH variants, including previously unidentified
aa2B8-84, aad8-84, aa34-77, aa37-77, and aa38-77.
Quantitative SRM assays were developed for PTH1-

LOQ: 16 pg/mL

quantitative assay for these and previously identified
forms of PTH.

@ 2009 American Association for Clinical Chemistry

Parathyroid hormone (PTH)® is produced in the para-
thyroid glands through the 2-step conversion of
prepro-PTH (115 amino acids) to pro-PTH (90 amino
acids) to the 84 amino acid peptide (PTH1-84). The
hormene is secreted into the circulatory system to pro-
duce basal (healthy) concentrations of approximately
15-65ng/L (1 ), and is assayed to assist in the diagnosis
of hypo/hyperparathyroidism and hypercalcemia and
in monitoring for renal osteadystrophy in patients with
end-stage renal failure (1-3 ). Conventional PTH assays
typically rely on 2-antibody recognition systems coupled
to a variety of detection modalities (4—6 ). Notably, the
most specific assays are able to differentiate between dif-
ferent truncated forms of PTH and are referred to as
second- and third-generation PTH assays (7, 8).

Key to the application of these later-generation as-
says is the ability to selectively monitor various PTH

forms of known biological consequence. In particular,
A ernmiants Full lawmath T 04 aemd DT mninnine tha £
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Intra-assay Precision

1

2

3 Pool A UD pool B Pool C | Pool D
4 leplicate{ Levell Level Il Level lll |Level IV
5 1 35.9 84.8 163 356
6 2 454 86.1 165 372
7 3 50.5 95.9 199 420
8 4 44.5 557 183 380
9 b 49.3 94.9 174 497
10 6 43,1 92,9 152 372
(il 7 374 93.8 196 37
12 5 52,6 98,5 200 387
13 9 46.6 100 174 430
14 10 384 105 187 398
15 1 48.2 101 179 358
16 12 51 96,2 166 362
17 13 47 76.3 170 410
18 14 45,6 75,2 165 369
19 18 522 101 162 398
20 16 44.7 94,3 165 378
21 17 394 92,6 174 3398
22 18 434 86 176 405
23 19 46.9 83.2 221 412
24 20 44,4 105 207 397
25

26 Mean 45,3 90,9 179.9 3871
27 SD 4.8 11.9 17.3 24.4
28 %CV 10,6% 13.1% 9,6% 6.3%

~n
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Inter-assay Precision
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Replicate 1 Date Levell | Level Il [ Level Il | Level IV | Level V
1 20090502 23,2 375 48.0 135.0 282.0
2 20090502 16,2 31.1 555 165.0 276.0
3 20090501 26.0 48.4 65.2 144.0 298.0
4 20090501 23,7 40,3 62.4 171.0 321.0
b 20090524 252 40,2 54.6 148.0 296.0
6 20090524 259 36.1 63.6 1320 296.0
7 20090413 25.6 40,7 59.9 160.0 323.0
5 20090413 16,3 4.8 67.5 147.0 299.0
9 20090428 18.4 30.5 36.4 132.0 308.0
10 20090428 17.5 29.6 45,6 1220 331.0
1 20090421 27.9 39.2 49.3 133.0 267.0
12 20090421 18.7 44.6 52,5 149.0 273.0
13 20090421 18.7 32.2 853 150.0 290.0
14 20090421 225 42,3 58.2 156.0 272,0
18 20090329 18.5 30.7 45.5 130.0 282.0
16 20090329 17.6 494 58.1 135.0 302,0
17 20090327 20,2 39.8 535 148.0 314.0
18 20090327 17.9 53.2 44.0 149.0 299.0
19 20090313 14.8 38.2 63.4 152.0 309.0
20 20090206 13.9 44.0 64.4 154.0 355.0

Mean 204 391 55,2 145.6 299.7

SD 42 6.6 8.4 12,7 221

% CV 20.5% 17.0% 15.2% 8.7% 74%
% * LIEGE

Kumar V et al, Clin Chem 2010 supplemental data
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PTH standardization: conclusions

® PTH standardization is possible but:
® Need to have the RMP for PTH available

® Need to show commutability of IS 95/646



PTH fragments and

post-translationnal modifications



PTH fragments

® <« non 1-84 PTH » fragment is supposed to accumulate in CKD' pmous cin

Chem 2005
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Fig. 3. Mean HPLC profiles obtained with each assay in the three populations studied.

Each profile represents the mean (solid curve) and SD (dashed curve) of six different experiments. N, healthy individuals; PHP, patients with primary
hyperparathyroidism; HD, hemodialysis patients. Peaks 1, 2, and 3, immunoreactivity peaks identified by the assays: peak 1, hPTH(1-84); peak 2, modified
hPTH(1-84); peak 3, non-(1-84) PTH. Arrows indicate the typical elution positions of hPTH(1-84) and hPTH(7-84) from right to Jeft. The quantitative results for these
profiles are analyzed in Table 2. The acetonitrile (ACN) gradient is the same for all experiments but is represented only in the top row.



1.2 Method recognition of PTH (7-84)

Specimen P599 (Pool U772) was prepared by adding synthetic PTH (7-84), purchased from Bachem, Switzerland, to
Base Pool U770 (Specimen P597). The added concentration of PTH (7-84) calculated from the mass per ampoule
provided by Bachem was 33.5 pmol/L.

Results again confirm that there are significant between-method differences in recognition of PTH (7-84) (Table 3 and
Figure 3). Table 3 shows the method mean increments in the observed PTH concentrations calculated by difference
between the spiked and basal specimens and the percentage “recovery” of PTH (7-84). The method mean increments
corrected for calibration differences (using data in Table 2) are shown in Figure 3.

PTH (7-84) is recognised by all methods except the DiaSorin Liaison 1-84 PTH and the DiaSorin Liaison N-tact, which
is as expected since these methods are specific for intact PTH. For most methods recognition of PTH (7-84) is similar
to that reported in May 2014 (Distn 141). Differences in recognition observed for three methods may reflect changes in
assay design and/or antibodies used. Whether variable recognition of PTH (7-84) contributes to observed between-
method differences in clinical samples remains to be established.

Table 3 Method mean increment (pmol/L) due to 33.5 Figure 3 Method mean increment (pmol/L) due to 33.5
pmol/L PTH (7-84) and recovery of PTH (7-84) (%). pmol/L PTH (7-84) after correction for calibration
Methods No of Increment Recovery (%) differences.
Labs (pmoliL}) [Distn 141,
May. 2014]
< 45+
DiaSorin Liaison 1-84 PTH 5 02 06 [-1] 2 40-
DiaSorin Liaison N-tact Il 1 0.1 0.3 [0.2] 5 o |
Siemens Immulite 2000 fam. 18 17 51 [38] g
Beckman Access 22 19.4 58 [46] & 304
Roche Elecsys® 127 24.2 72 [64] T 25+
OCD [(J&J) Vitros 2 27.5 82 [74] o 204
Tosoh AlA 1 28.3 84 [61] 2 e S
Siemens Immulite 1 296 89 [50] 2 104 23
IDS ISYS 1 32.0 96 [83] =
Future Diagnostics STAT 4 34.4 103 [86] 2 57
Siemens ADVIA Centaur 28 38.2 114 [98] o 0
Abbott Architect 33 73.3 148 [73] £ 5 - - —
* Results for one laboratory that reported results not in accord with - g § 2 2 o F
those of other users of the method have been excluded. E I & - = ? < = § 5
.E_Ei o og £ U o0 £ w._ w w T
c c CE w = -8B 5 = <
323822 ¢83 B35 B82 2 3
55584888 JEELE 382 8 2




PTH fragments

® 7-84 does not seem to be detected in human serum by LCMS/MS  singh et at clin Clem 2015

Table 1. Multiple linear regression of PTH peptides measured by LC-MS/MS vs
PTH measured by 2 differentimmunoassays.

Peptide Order in
(LC-MS/MS) Marker  r? (Beckman)® model® P{(Waldtest) r?(Roche)?
P1 Intact 0.938 3 <0.001 0.907
— P2 Fragment  NDY NA NA ND
P3 Intact 0.955 2 <0.001 0.928
P4 Intact 0.959 1 NA 0.962

P6 Fragment ND NA NA ND
P7 Intact 0.758 5 0.69 0.801

Ps Fragment 079 4 o044 osy | <SS



Clinical Chemistry 00:0 Endocrinology and Metabolism
1-11(2021)

Chemical Characterization and Quantification
of Circulating Intact PTH and PTH Fragments by High-
Resolution Mass Spectrometry in Chronic Renal Failure

Kittrawee I(ritmetapak,a'b Louis A. Losbanos,® Jolaine M. Hines,“ Katherine L. O'Grady,“ Candice Z. Ulmer,?
Hubert W. Vesper, Felicity T. Enders,® Ravinder J. Singh,"* and Rajiv Kumar®9*
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Fig. 2. Chromatogram depicting PTH1-84 and PTH fragments in a patient with stage 5 CKD. All peptides were determined by
the C-terminal immunocapture LC-HRMS method and serum concentrations were as follows: PTH1-84 (204 pg/mL), PTH28-84
(193 pg/mL), PTH34-77 (225 pg/mL), PTH34-84 (1,043 pg/mL), PTH37-77 (551 pg/mL), PTH37-84 (799 pg/mL), PTH38-77
(1,716 pg/mL), PTH38-84 (396 pg/mL), PTH45-84 (414 pg/mL).
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Table 2. Serum concentration of LC-HRMS PTH1-84 and PTH fragments according to stages of renal function.

PTH peptides
PTH1-84
FTH28-84
PTH34-77
PTH34-84
PTH37-77
PTH37-84
PTH38-77
PTH38-84
PTH45.84

All

B2 (66-120

75(56-118)
113 (68-307)
219 (97-554)
206 (99-349)
126 (64-327)
177 (91-605)

B0 (39-208)
153 (110-277)

Estimated GFR (mL/min/1.73 m%)

=60
70(67-95)
55(4%-70)
59(45-78)
99 (67-213)

105 (96-181)
69 (54-122)
72(53-123)
35(25-61)

132 (95-158)

45-39

72(58-93)
S58(58-141)
56 (47-66)
165(81-413)
103 (82-179)
77 (52-184)
124 (77-221)
45 (29-81)
125(74-165)

Values are shown as median (interquartile range, pg/mL).
i Compared with patients with eGFR = &0 mLmin/1.73 m*:

P 0.05
P 0.01;
P = 0.001.

30-44
756 (561-95)
B (61-111)
109 (97-125)
206 (93-298)
116 (50-227)
B4 (65-175)
133 (77-235)
48 (32-83)
135(108-159)

15-29
77(58-93)
71(49-98)

114 (88-134)"

231 (149-362)

140 (95-2086)

121 (76-224)

140 (87-289)
53(35-109)

140 (98-156)

=15
115 (81-189)"
112 (80-180)"
285 (194-393)"

1,026 (480-1,498)"
345 (206-483)"
456 (236-771)"
901(337-2,147)"
265(104-429)"
381(215-587)"

P fortrend

0.008
0.009
0.004
0.006
0.008
0.006
0.008
0.009
0.005
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PTH Concentration (pg/mL)
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Supplemental Table 8. Cross-reactivity of synthetic PTH fragment.

Matrix with Synthetic PTH Fragment Spike Amount

Roche Cobas iPTH
Concentration (pg/mL)

Cross-Reactivity of PTH
Fragment in Roche Cobas
iPTH Immunoassay (%0)

Universal Diluent unspiked/neat 15.1 -
Universal Diluent spiked with 30 pg/mL PTH28-84 16.0 3
Universal Diluent spiked with 30 pg/mL PTH34-84 14.7 0
Universal Diluent spiked with 30 pg/mL PTH35-84 15.5 1.33
Universal Diluent spiked with 30 pg/mL PTH37-84 15.1 0
Universal Diluent spiked with 30 pg/mL PTH38-84 14.9 0
Universal Diluent spiked with 30 pg/mL PTH45-84 14.9 0
Universal Diluent spiked with 30 pg/mL PTH48-84 14.8 0
Universal Diluent spiked with 3.000 pg/mL PTH28§-84 14.9 0
Universal Diluent spiked with 3.000 pg/mL PTH34-84 16.1 0.03
Universal Diluent spiked with 3.000 pg/mL PTH35-84 15.1 0
Universal Diluent spiked with 3.000 pg/mL PTH37-84 15.4 0.01
Universal Diluent spiked with 3.000 pg/mL PTH38§-84 15.5 0.01
Universal Diluent spiked with 3.000 pg/mL PTH45-84 15.3 0.01
Universal Diluent spiked with 3.000 pg/mL PTH48-84 15.4 0.01
Mass Spect Gold (MSG) serum unspiked/neat 2.2 -
MSG serum spiked with 30 pg/mL PTH7-84 30.3 93.67
MSG serum spiked with 30 pg/ml PTH28-84 24 0.67
MSG serum spiked with 30 pg/mL PTH34-84 2.3 0.33
MSG serum spiked with 30 pg/mL PTH35-84 2.5 1
MSG serum spiked with 30 pg/mL PTH37-84 2.6 1.33
MSG serum spiked with 30 pg/ml PTH38-84 27 1.67
MSG serum spiked with 30 pg/mL PTH45-84 2.8 2
MSG serum spiked with 30 pg/mL PTH48-84 2.6 1.33
MSG serum spiked with 3.000 pg/mL PTH7-84 3.221 107.29
MSG serum spiked with 3.000 pg/mL PTH34-84 2.7 0.02
MSG serum spiked with 3.000 pg'mL PTH35-84 2.6 0.01
MSG serum spiked with 3.000 pg/mL PTH37-84 2.3 <0.01
MSG serum spiked with 3.000 pg/mL PTH38-84 21 0
MSG serum spiked with 3.000 pg/mL PTH45-84 24 <0.01
MSG serum spiked with 3.000 pg/'mL PTH48-84 2.3 <0.01
MSG serum spiked with 30 pg/mL of each PTH 1.81
fragment in combination (PTH28-84, 34-84, 35-84, 37- 0.0

84. 38-84, 45-84, 48-84)

MSG serum spiked with 3.000 pg/'mL of each PTH 0.02
fragment in combination (PTH28-84, 34-84, 35-84. 37- 6.3

84, 38-84, 45-84, 48-84)




But...

Clinica Chimica Acta 477 (2018) 72-73

Contents lists available at ScienceDirect

Clinica Chimica Acta

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

Case report

Spurious intraoperative PTH results observed with 2", but not with 3™ R
generation PTH assays

Check for
updates

Etienne Cavalier™*, Marie-Louise Schleck®, Jean-Claude Souberbielle”

2 Department of Clinical Chemistry, University of Liege, CHU de Liege, Belgium
Y Laboratoire d'Explorations Fonctionnelles, Hopital Necker-Enfants malades, Paris, France



Roche Cobas PTH
STAT (ng/L)

Expected range 15-65
(ng/L)

Before surgery 221
Surgery Incision 293
Surgery Ablation 2385
Surgery +5min 999
Surgery +10min 674
Surgery +15min 443
Day + 1 after surgery NA




Roche Cobas PTH

Roche Cobas PTH

DiaSorin Liaison PTH

STAT (ng/L) 2G (ng/L) 2G (ng/1)
Expected range 15-65 15-65 17.3-72.9
(ng/L)
Before surgery 221 173 NA
Surgery Incision 293 205 332
Surgery Ablation 2385 1691 > 1900
Surgery +5min 999 700 985
Surgery +10min 674 489 640
Surgery +15min 443 301 350
Day + 1 after surgery NA NA NA




Roche Cobas PTH

Roche Cobas PTH

DiaSorin Liaison PTH

DiaSorin Liaison PTH

Fujirebio Lumipulse PTH

Calcium (mmol/

STAT (ng/L) 2G (ng/1) 2G (ng/1) 3G (ng/L) 3G (ng/L) L)

Expected range 15-65 15-65 17.3-72.9 5.5-38.4 5.5-31.9 2.15-2.60
(ng/L)

Before surgery 221 173 NA 100 107 2.8
Surgery Incision 293 205 332 112 163 NA
Surgery Ablation 2385 1691 > 1900 770 915 NA
Surgery +5min 999 700 985 209 283 NA
Surgery +10min 674 489 640 117 159 NA
Surgery +15min 443 301 350 58 87 NA

Day + 1 after surgery NA NA NA NA NA 2.3




And also...

CLiNicAL KIDNEY JOURNAL

Clinical Kidney Journal, 2018, 1-6

doi: 10.1093/ckj/sfy074
Original Article

ORIGINAL ARTICLE

Vitamin D, bone alkaline phosphatase and parathyroid
hormone in healthy subjects and haemodialysed
patients from West Africa: impact of reference ranges
and parathyroid hormone generation assays on the
KDIGO guidelines

Etienne Cavalier’, Eric Sagou Yayo??, Marie-Laure Attoungbre-Hauhouot®*4,
Jean-Louis Konan®>*#, Carine Yao-Yapo??, Dagui Monnet?,

Appolinaire Gnionsahé®**, Jean-Claude Souberbielle® and

Pierre Delanaye’



Interestingly, the reference range for the Fujirebio 3" generation PTH assay in this
population of healthy, vitamin D—sufficient African sub jects from Ivory Coast (6.1-35.8
pg/mL) is very similar to that obtained in a population of healthy, vitamin D-replete
French and Belgian individuals (6.4-41.8 pg/mL) [30].

On the other hand, the ULN obtained with the second-generation PTH assay from Roche
in healthy African subjects (71.7 pg/mL) was much higher than what we previously
reported in French and Belgian subjects (=50pg/mL) from different studies [2, 28].

This discrepancy may reasonably be attributable to interfering PTH fragments that are
present in Africans. This finding warrants wider investigation using 3™ generation PTH
assays and also highlights the lack of specificity of 2"d generation PTH assays, as well as
the lack of PTH standardization.

This also shows the necessity for each country and laboratory to define their specific
reference ranges.



Oxydized PTH

A new analytical challenge?
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PTH structure and oxidation products

We W8y hPTH (1-84)
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oxidation products
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Hocher, Nephron Clin Pract 2016




Ox-PTH

® PTH can be oxydized on a methionine in position 8 and 18.
® Oxydized PTH is biologically inactive

® n-oxPTH, but not ox- PTH or iPTH, was associated with the EVOLVE

primary composite endpoint Tepel JCM 2013

® A new analytical target?
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www.kidney-international.org clinical investigation

Non-oxidized parathyroid hormone (PTH)
measured by current method is not superior to
total PTH in assessing bone turnover in chronic
kidney disease

Stan R. Ursem'?, Annemieke C. Heijboer’ ? Patrick C. D'Haese®, Geert J. Behets®, Etienne Cavalier”,
Marc G. Vervloet® and Pieter Evenepoel*®



Amino-PTH



3rdgeneration .
The 2ndgeneration PTH ratio

(1-84)— PTH + Amino— PTH

(1—84) — PTH +(7-84)— PTH

As, physiologically, (7-84) PTH is much more
abundant than Amino-PTH, this ratio should
always be <1




Amino-PTH

e Amino-PTH is overproduced in PCa (rubin, ciin chem 2007;
caron, Clin Endo 2009) aNd iN some cases of severe primary
hyperparathyroidism (rakel, ciin Endo 2007).

3rdgeneration
2ndgeneration

ratio, which is physiologically not possible.

e This has led to an inversion of the

e |n uremic patients, an inverted ratio is an indicator of
marked parathyroid enlargement (komaba, noT2008), and is
restored after cincalcet treatment (komaba, noT 2010) OF
after parathyroidectomy (mnaka, ciin Nephrology 2005).



ORIGINAL ARTICLE

Emndocrine Care

The Ratio of Parathyroid Hormone as Measured by
Third- and Second-Generation Assays as a Marker for
Parathyroid Carcinoma

Etienne Cavalier, Adrian F. Daly, Daniela Betea, Pamela Micoleta Pruteanu-Apetrii,
Fierre Delanaye, Phil Stubbs, Arthur R. Bradwell, Jean-Faul Chapelle,
and Albert Beckers

J Clin Endocringl Metab, August 2010, 95(8):3745-3749

JCEM ONLIMNE

Brief Report—Endocrine Care

The Third/Second Generation PTH Assay Ratio as a
Marker for Parathyroid Carcinoma: Evaluation Using
an Automated Platform

Etienne Cavalier, Daniela Betea, Marie-Louise Schleck, Romy Gadisseur,
Laurent Vroonen, Pierre Delanaye, Adrian F. Daly, and Albert Beckers

J Clin Endocringl Metab, March 2014, 99{3):EA53-EALST




PTH ratio (3rd generation/2nd generation assay)
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Characteristics of the ratio as a tumor marker, based on 3

different studies in VO]VJ'ng 99 cases

Positive predictive value: 96.2% (range: 50-100%)
Negative predictive value: 89% (range: 60-100%)

Schulte, Nature Reviews Endocrinology, 2012



Amino-PTH: issues and perspectives

® DiaSorin has changed the standardization of their iPTH assay

® Difficult to « recalibrate » in practice

® Perspective: LCMS/MS...



PTH reference range



How should we establish PTH

reference ranges?



Actually

ISO 15189 guidelines

« Laboratories should V€I’f15/ the manufacturers’ reference range »

Kits IFU

«Laboratories should establish their own reference range »



How should we establish the RR for PTH?

Avoid any conditions of primary or secondaty bypezparatbyz'ojdism!

eGFR>60 ml/min/1.73m?2
25-(OH) vitamin D > 30 ng/mL
Normal Ca and P levels

(Ca intakes)



Most manufacturers never used these

criteria to calculate the RR

Most of these RR have only been established

in participants from E uropean ancestry!



Differences in Reference Ranges established by Manfacturer versus Our Lab

Methods Reference range Lower and Upper Reference
(Manufacturer) limits (95% Confidence —
(pg/ml) Interval) obtained in our
reference population
(pg/mL)
2nd generation assays
Abbott Architect 15.0 - 68.3 16.3 - 64.7
Beckman Access 12 - 88 10.1-47.4
DiaSorin N-tact IRMA 13-54 7.2 - 35.7
DiaSorin Liaison N-tact 17.3-72.9 21.3 - 68.2
Ortho Vitros 7.5-53.5 10.8 -47.5
Roche Elecsys 15 - 65 13.7 - 50.2
Scantibodies Total intact PTH 14 - 66 7.8 - 49.7
Siemens Immulite 12 - 65 5.4-57.1
3rd generation assays
DiaSorin Liaison 1-84 5.5-38.4 4.6 - 32
Scantibodies Ca-PTH IRMA 5-39 6.8 - 30.8




Impact

18% of PTH values observed in our lab are comprised between our

and the manufacturer’s RR

Most of these patients presented 25(OH)D values far below 30
ng/mL

= 2 2D D Interest for a multi-center multi-ethnic well designed
study to establish RR for PTH with all the different available assays!



A few words on pre-analytical

considerations...



Pre—analytical considerations

Mesure PTH in morning fasting samples

Calcium (ionized), creatinine and 25(OH)d ar emandatory to interpret

a PTH result (+phosphorus and calcium intakes if possible)

EDTA should be preffered over serum if samples can’t be processed
rapidly by the lab (8 hours)

Long term storage at -80°C: up to 2 years (either on serum or plasma

but could be method-dependent)



PTH related Peptide
(PTHzP)
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From Good to Bad: The Opposing
Effects of PTHrP on Tumor Growth,
Dormancy, and Metastasis
Throughout Cancer Progression

Courtney M. Edwards ' and Rachelle W. Johnson ™+
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Clinical Chemistry 62:1 Endocrinology and Metabolism
218-226 (2016)

LC-MS/MS Measurement of
Parathyroid Hormone-Related Peptide

Mark M. Kushnir,’2" Alan L. Rockwood,"2 Frederick G. Strathmann,’? Elizabeth L. Frank,-2
Joely A. Straseski,"? and A. Wayne Meikle®?
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Fig.2. LC-MS/MS method comparison with RIA (Immunotech) for analysis of PTHrP in plasma samples (n = 207) (A); ROC curve for
the detection of increased PTHrP as a cause of hypercalcemia in a set of plasma samples from patients with hypercalcemia (n = 91)
and samples from self-reported healthy adults with no hypercalcemia (n = 108) (B).




Important take-home messages
e 3d ond 2™ generation PH assays provide the same clinical information

® There is an important lack of standardization of PTH assays.

Standardization program 1S ongoing, but only 3rd generation assays can be

standardized in CKD patients

If 7-84 PTH does not probably exist in-vivo, many other fragments can

interfere with 2" generation PTH assays

Importance of the reference ranges!!!

Future importance of post-translationnaly modified PTH (?)
Robust preanalytics needed

® Future interest of PTHrP?
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