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  Abstract 

  Background:  Standardization of parathyroid hormone 

(PTH) assays is a major issue, especially in hemodia-

lyzed (HD) patients. Two automated third generation 

PTH assays (Roche Elecsys and DiaSorin Liaison) are now 

available. These assays are specific for the (1-84) PTH and 

do not cross-react with the (7-84) fragment, contrary to 

second generation (intact) assays. We aimed to calibrate 

the two methods against the WHO International PTH 

Standard (IS) 95/646 to see if the two assays could provide 

comparable results in a population of healthy subjects, 

HD patients and patients suffering from primary hyper-

parathyroidism (PHP). 

  Methods:  We selected 79 healthy subjects and two popu-

lations of patients presenting PTH disorders: 56 HD and 27 

PHP patients. We reconstituted the IS in a pool of human 

serum containing undetectable levels of 1-84 PTH and pre-

pared 13 serum standards ranging from 0 to 2000 pg/mL. 

The standards were run on the two instruments to cali-

brate the assays on the IS. The different populations were 

run before and after restandardization. 

  Results:  As these kits were differently calibrated, the 

results obtained after restandarization were significantly 

different. Restandardization process improved concord-

ance between assays and, taking the analytical variability 

of the two kits into account, the results could be consid-

ered to be similar. 

  Conclusions:  Restandardization of automated third 

generation PTH assays with the WHO 1-84 PTH Stand-

ard significantly reduces inter-method variability. Ref-

erence ranges and raw values are totally transposable 

from one method to the other in healthy subjects, but 

also in diseased patients, e.g., with HD or those suffer-

ing from PHP.  
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   Introduction 
 Parathyroid hormone (PTH) determination is not an easy 

task  [1] . Indeed, next to the active, (1-84) peptide, differ-

ent fragments can be found at different concentrations in 

the circulation. Among these fragments, the  “ non-(1-84) 

PTH ” , commonly called (7-84) PTH, is a group of fragments 

truncated in the amino-terminal part of the peptide, that 

can either be obtained after cleavage of the (1-84) PTH 

or directly secreted by the parathyroid glands  [2] . If the 

concentration of these fragments is quite low in normal 

healthy subjects, they accumulate in patients suffering 

from chronic kidney diseases (CKD) and can represent 

up to 40% – 50% of the (1-84) PTH in hemodialyzed (HD) 

patients  [3, 4] . PTH determination is routinely performed 

in clinical laboratories on most of the available automates. 

These assays are called  “ intact ”  or  “ second generation ”  

PTH assays and recognize both the (1-84) peptide and the 

(7-84) PTH fragment, this latter being recognized differ-

ently by the different assays on the market according to the 

cross-reactivity of the antibodies used. The absolute values 

obtained with these kits are thus often different from one 

kit to another  [5] . Recently, two automated third generation 

PTH assays (Roche Elecsys and DiaSorin Liaison) became 

available. These assays are specific for the (1-84) PTH and 

do not cross-react anymore with the (7-84) fragment, con-

trary to second generation assays. Third generation assays 

could thus theoretically provide results that could be inter-

changeable, even in HD patients. Unfortunately, a paper 
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recently shown that the two methods could not be used 

interchangeably due differences in calibration, matrix 

effects or avidity of the antibodies  [6] . In the present study, 

we aimed to calibrate the two methods against the WHO 

International PTH Standard (IS) 95/646 to see if the two 

assays could provide comparable results in a reference 

population of healthy subjects, HD patients and patients 

suffering from primary hyperparathyroidism (PHP).  

  Materials and methods 

  Third generation parathyroid hormone (PTH) 
assays 
 The Cobas Elecsys PTH (1 – 84) immunoassay (Roche Diagnostics, 

Germany) is a one-step sandwich electro-chemiluminescence immu-

noassay (ECLIA). The fi rst antibody is a monoclonal biotinylated anti-

body against the N-terminal region 1 – 5, and the second antibody is a 

monoclonal antibody labeled with a ruthenium complex that reacts 

with the C-terminal region 54 – 59. The assay is claimed to be cali-

brated against the 95/646 WHO IS PTH 1-84 (human, recombinant). 

The CV of the method is 9.4%, 4.7%, 4.1% and 3.1% at 13.2, 27.6, 339 

and 1398 pg/mL, respectively. 

 The Liaison (1-84) PTH immunoassay (DiaSorin, Stillwater, MN, 

USA) is a two-step automated sandwich chemiluminescent immuno-

assay (CLIA) that uses two polyclonal antibodies: the fi rst one, spe-

cifi c for the N-terminal part of the peptide is bound to  isoluminol 

and the second one, specifi c for the C-terminal part of the pep-

tide, is bound to paramagnetic beads. The manufacturer does not 

 provide any information on the standardization of the assay. The 

CV of the method is 5.5%, 4.1%, 4.0% and 4.7% at 10.6, 33.5, 378 and 

1662 pg/mL, respectively. 

 Both assays do not recognize the 7-84 PTH.  

  Patients 
 We selected a reference population of 79 healthy subjects 

(56.1  ±  16.8  years old, 25 males) that presented normal calcium and 

phosphorus levels, eGFR   >  60 mL/min/1.73 m 2  and 25(OH) vita-

min D levels   >  30 ng/mL. We also selected two populations of 

patients presenting PTH disorders, a HD population of 56 patients 

(66.8  ±  16.8 years old, 33 males) and a population of 27 patients suff er-

ing from mild PHP (64.8  ±  10.5 years old, 8 males). 

 Table 1      Passing-Bablok regressions observed before and after recalibration of the DiaSorin Liaison and Roche Elecsys 3rd generation PTH 

assays with the WHO International Standard in three different populations.  

Patients    Before recalibration    After recalibration  

Whole population   Liaison  =  0.85 Elecsys  – 5.5   Liaison  =  1.08 Elecsys  – 3.5

Normal healthy   Liaison  =  0.69 Elecsys  – 1.8   Liaison  =  1.13 Elecsys  – 4.4

Hemodialyzed   Liaison  =  0.97 Elecsys  – 23.1   Liaison  =  0.98 Elecsys  + 9.0

Primary hyperparathyroidism    Liaison  =  0.86 Elecsys  – 9.1    Liaison  =  1.16 Elecsys  – 6.7  

 All the samples were left over serum samples that underwent 

one cycle of freeze/thawing and that had been kept frozen at  – 80 ° C 

until determination. Our previous reports on third generation PTH 

have shown that the peptide was very stable under these conditions 

of storage  [7] .  

  Preparation of the 95/646 WHO International 
PTH Standard and of the calibration curves 
 The 95/646 WHO IS PTH 1-84 is the fi rst IS for parathyroid hormone 

made of recombinant, 1-84, human PTH established by the Expert 

Committee on Biological Standardization of the WHO in October 

2009. Each ampoule contains 100  μ g of PTH 1-84. 

 We reconstituted the WHO Standard with 10  mL of 0.1  N PBS 

acetic acid solution containing 0.1% of bovine serum albumin (BSA). 

All the further dilutions of this stock solution were then prepared at 

 + 4  ° C in a pool of human serum containing undetectable levels of 

1-84 PTH, constituted from remnant samples obtained in patients suf-

fering from severe hypoparathyroidism or non-PTH-mediated hyper-

calcemia. 

 We thus constituted 13 serum standards containing 2000, 1667, 

1000, 800, 500, 303, 200, 100, 80, 50, 25, 10 and 0 pg/mL of 1-84 PTH. 

These standards were run in duplicate on each instrument and the 

Relative Light Units (RLU) provided by the photomultiplicators were 

plotted against the PTH concentration of each standard to give a 

calibration curve. Next, the patients ’  samples were run in singlicate 

on the two instruments. The RLU obtained for each patient was then 

reported for both instruments on the calibration curve.   

  Results 
 There was an excellent correlation between the RLU of the 

standards obtained on the two instruments (r  =  0.9975). 

Passing-Bablok regressions observed before and after the 

recalibration of the kits with the WHO IS are presented in 

 Table 1  . 

 The Bland-Altman plot showed a mean  ±  SD difference 

of (Elecsys-Liaison) 31.9%  ±  20.8% vs. 2.3%  ±  18.4% before 

and after recalibration. The plots for the specific popula-

tions are shown in  Figure 1  . 

 In the subpopulations, we observed a mean difference 

of 31.9%  ±  20.8% vs. 2.3%  ±  18.4% for the healthy normal 
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population,  – 44.5  ±  10.2 vs.  – 8.3  ±  17.4% for the HD patients 

and  – 13.0  ±  19.6% vs. 4.1  ±  17.1% for the PHP patients. 

 The reference range calculated with the robust method 

 [8]  on the normal healthy individuals was 6 – 33 pg/mL for 

Liaison and 4 – 49  pg/mL for Elecsys. After restandardi-

zation, the reference range was quite similar with both 

methods: 11 – 46  pg/mL for Liaison and 8 – 45  pg/mL for 

Elecsys. In this population, the medians (IQR) observed 

with the two instruments before calibration were sig-

nificantly different (p  <  0.0001): 16.6 (12.5 – 22.1 pg/mL) for 

Liaison and 26.8 (20.4 – 37.7 pg/mL) for Elecsys. The impact 

of the recalibration on the medians was an increase of 

39.3% for Liaison [23.4 (15.4 – 31.8 pg/mL)] whereas it was 

a decrease of 9.3% for Elecsys [26.9 (17.5 – 31.8 pg/mL)], 

and the significant difference between these two medians 

disappeared. 
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 Figure 1      Results of Bland-Altman plots for DiaSorin Liaison and Roche Elecsys 3rd generation PTH assays obtained in three different 

populations (1: healthy individuals; 2: patients suffering from mild primary hyperparathyroidism and 3: hemodialyzed patients) before and 

after a restandardization of the assays with the WHO International PTH Standard 95/646.  “ Elecsys Recal ”  and  “ Liaison Recal ”  are the data 

obtained after standardization.    
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 In HD patients, the Mann-Whitney test showed that the 

 – 6.8% difference observed between the medians obtained 

by Liaison and Elecsys before calibration [median (IQR): 

248 (156 – 350) and 265 (177 – 318 pg/mL), respectively] was 

not significant. After recalibration, the median increased 

by 51% for Liaison and 29% for Elecsys but the differ-

ence of  + 8.6% [374 (239 – 517) and 342 (217 – 420) pg/mL] 

remained non-significant. Finally, the restandardiza-

tion of the assays did not change the classification of the 

patients according to the KDIGO guidelines: nine patients 

were classified differently before restandardization, and 

nine patients remained classified differently after. 

 In patients suffering from mild PHP, the medians 

observed with two assays were significantly different 

(p  =  0.01) whereas this difference disappeared after stand-

ardization. For Liaison, median increased by 60.5% as 

it moved from 48.1 (32.7 – 75.2 pg/mL) to 77.2 (56.9 – 109.3 

pg/mL). For Elecsys, we observed a 7.3% increase of the 

median: from 66.5 (53.6 – 91.2 pg/mL) to 71.7 (56.0 – 102.6 

pg/mL). If the difference between the medians was of 

38.3% before standardization, it decreased to 7.1% after.  

  Discussion 
 Restandardization of PTH assays is of importance to 

reduce inter-method variability  [9] , particularly in HD 

patients  [10] . An IFCC workgroup, in which representa-

tives of relevant clinical and scientific professional organ-

ization and manufacturers of most PTH immunoassays is 

thus working on the current status of PTH measurement 

and on the identification of priorities for improvement. 

 In this work, we aimed to evaluate the impact of the 

restandardization of two automated third generation PTH 

assays with the WHO IS 95/646 in three different groups of 

patients, as it is considered as a suitable candidate  [9] . By 

moving very fast into a human serum matrix after reconsti-

tution, we managed to make this IS as commutable as pos-

sible. As claimed by the manufacturer, our results showed 

that the DiaSorin Liaison was not calibrated against this 

standard. However, we were surprised to see that Roche 

Elecsys, claimed to be traceable to this standard, was not 

very well calibrated. Indeed, we observed differences as 

high as  – 9% and  + 25% in healthy individuals and HD 

patients after having restandardized the assay, compared 

to the values obtained with Roche calibration. 

 Calibrating the assays with our 13 points curve sig-

nificantly reduced the bias between the results obtained 

from 31.9% to 2.3%. From a global perspective, this is 

very important because these results show that, if both 

kits were correctly calibrated against the traceable WHO 

IS, the variation between laboratories using these assays 

would decrease. The reference ranges could be the same 

with the two assays and raw values, instead of multiples 

of upper reference ranges, could be used in HD patients 

for clinical cut-offs. Finally, the traceability of the assays 

to the WHO IS could be achieved with the recently pub-

lished liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) method allowing the quantification of serum 

1-84 PTH after trypsic digestion  [11] . 

 These conclusions, however, are only correct for third 

generation PTH assays. Indeed, for second generation 

ones, even if a standardization can be achieved in healthy 

populations, this will probably not be the case for CKD 

patients due to different cross-reactivity of the antibodies 

with the 7-84 PTH. 

 Restandardization of the assays with the WHO IS sig-

nificantly reduced the systematic error as expected, but 

it did not logically reduce the random error of approxi-

mately   ±  18% around this bias, as shown by the Bland- 

Altman plots. This random error is due to different factors, 

but the imprecision of the methods remains the most impor-

tant source of error. It is thus important to keep in mind 

that restandardization will not overcome all the problems 

linked to PTH assays variation. Manufacturers still need to 

improve their methods to reduce the coefficient of variation 

of PTH assays which should be, at least, lower than 7.5% 

(50% of the intra-individual coefficient of variation of PTH). 

 Our study has some limitations as it is a single center 

study on a limited number of patients. Using percent 

changes in the lower range of PTH may also be mislead-

ing. However, by directly diluting the standards in human 

serum after the WHO IS reconstitution, we have tried to 

overcome the very important commutability problem  [12] , 

which does not mean that our standard is completely com-

mutable. Indeed, we did not demonstrate that the IS, as 

reconstituted by our method, had the same characteris-

tics as PTH in patients ’  samples when measured with all 

the immunoassays  [9] . Unfortunately, we have no means 

to assess its total commutability. Finally, it has been sug-

gested that PTH secretion increases with age  [13] . As mean 

ages of our studied groups were only moderately different 

(56 years in healthy subjects, 68 years in HD patients, and 

64 years in patients with PHPT), we did not consider that 

they could have impacted the results. 

 In conclusion, our results show that restandardization 

of automated third generation PTH assays with the WHO 

1-84 PTH Standard significantly reduces inter-method 

variability. Reference ranges and raw values are totally 

transposable from one method to the other in healthy sub-

jects, but also in diseased patients, e.g., with HD or those 

suffering from PHP.   
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