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Abstract

Background: Cystatin C is increasingly used in glomerular filtration rate (GFR) estimation equations. The
dependence of cystatin C results upon the analytical method has been a major source of controversy.

Methods: Cystatin C was measured with non-standardized turbidimetric Roche Generation 1 and standardized
nephelometric Siemens assays in 3666 and additionally with standardized Roche Generation 2 and Siemens in
567 blood samples of the Berlin Initiative Study. Cystatin C-based GFR was assessed with CKD-EPIcys
(Chronic Kidney Disease Epidemiology) and CAPA (Caucasian, Asian, Pediatric, Adult) equations and the
impact of the assays on GFR estimation was determined. Equation performance compared to measured GFR was
evaluated.

Results: Concordance of Roche Gen2 and Siemens was high with median difference of 0.003+£0.13mg/L (limits
of agreement: -0.12 to 0.12) and Passing Bablok correlation was essentially perfect. Roche Genl assay showed
worse concordance with Siemens: median difference was 0.08+0.13mg/L (limits of agreement: -0.18 to 0.34)
and correlation was inferior. Mean difference (+SD) of estimated GFRckp-epicys Was 0+4mL/min/1.73m? for
Gen2 and Siemens compared to -5+8 with Genl. Performance of GFR estimating equations was not influenced
by the choice of Siemens or Gen2 assays.

Conclusions: Standardization of Roche Gen2 assay improved accuracy of cystatin C measurement compared to
Siemens. It suggests only negligible method bias and results in equal performance of both assays when
estimating GFR indicating that successful calibration has led to major progress in cystatin C analysis.

Highlights

* Cystatin C results of Siemens (PENIA) and Roche Gen2 (PETIA) assays are basically identical.
* GFR equation performance is not influenced by the choice of these cystatin C assays.

» Successful assay calibration has led to major progress in cystatin C analysis.
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1. INTRODUCTION

Since its first description by Grubb and colleagues [1] the role of cystatin C (cysC) has gained importance for
estimating GFR. Large cohort studies have demonstrated the added value of cysC-based or combined (including
both cysC and creatinine) equations over solely creatinine-based GFR equations [2-4]. Compared to serum
creatinine, the main advantages of cysC are its lower dependency on muscular mass as well as superior
predictability of mortality and ESRD risk [5-7]. Additionally, it has been shown that including cysC into GFR
equations has led to higher accuracy of GFR estimates compared to measured GFR [3;4;8]. As a consequence
the "kidney disease improving global outcome™ (KDIGO) guidelines recommend to confirm the diagnosis of
chronic kidney disease (CKD) using a cysC-based GFR equation in patients with a creatinine-based GFR value
between 45 and 59ml/min/1.73m? In the context of estimating GFR, standardization of biomarker measurement
methods is of outstanding importance. Several authors have illustrated the negative impact of lack of
standardized calibration for GFR estimation based on both creatinine and/or cysC [9-14]. As a consequence,
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major improvements have been achieved in the creatinine standardization process. At present the majority of
creatinine enzymatic assays are standardized to mass spectrometry and can be considered IDMS (isotope dilution
mass spectrometry)-traceable [15]. To achieve the same level of standardization as for creatinine, an
international standard and a reference method for accurate quantification of cysC in the standard material [16]
are mandatory. An important step in the standardization of cysC assays was achieved in 2010 when the
International Federation for Clinical Chemistry and Laboratory Medicine (IFCC) working group made the
international certified reference material ERM-DA471/IFCC available to manufactures [17; 18]. Also, an
ID/LSMS method has been recently published for cysC [16] which would allow the determination of the exact
concentration of cysC in the content of the IFCC standard. However, in recent papers it has been shown that the
use of such material has been inconsistent, leading to doubt about the accuracy of several cysC assays on the
market: Grubb et al. have shown that the variability of different cysC assays could be reduced [19], but these
optimistic results have not yet been confirmed by others [13; 19-22]. For example, Eckfeld et al. analyzed the
results of cysC from 132 laboratories and showed large bias in cysC results concluding that manufacturers
needed to improve their cysC measurement and calibration procedure [19;22]. The goal of the present study was
to investigate analytical differences between the two commonly used cysC assays in Europe (nephelometry by
Siemens, turbidimetry by Roche) and to study the impact of calibration on their inter-changeability. A second
focus was to investigate the difference in estimated GFR of two commonly used cysC-based equations, the
CKD-EPIcys (for "Chronic Kidney Disease epidemiology™) [3] and CAPA (Caucasian, Asian, Pediatric, Adult)
[19] with either assay. Finally, we compared the impact of those assays on the accuracy of cysC-based equations
to estimate measured GFR using blood samples of the Berlin Initiative Study (BIS), a cohort investigating the
epidemiology of CKD in older adults.

2. MATERIALS AND METHODS
2.1. Study participants and characteristics

Participants of the present study were part of the BIS, a cohort study that started in 2009. Details on inclusion
and exclusion criteria as well as study design and goals can be found elsewhere [4]. 2069 participants were
recruited for the baseline visit between January 2010 and June 2011 of which 1699 were followed longitudinally
for two years follow up until 2013. Among the initial 2069 subjects, 2065 had dual cystatin C measurement
(nephelometric Siemens and turbidimetric Roche analysis) at baseline and 1601 at the 2-year follow up,
summing up to a total sample of 3666 subjects with two measurement points. Additionally, in a sub-study of 570
out of the 2069 baseline participants, we performed iohexol plasma clearance for exact measurement of the GFR.
Out of these 570 subjects there were 567 with dual cystatin C measurement. The methodology used to measure
GFR has been described elsewhere [4;23]. Briefly, iohexol solution 5 mL (Accupaque, GE Healthcare Buchler,
Braunschweig, Germany), was administered intravenously. Blood samples were obtained from the contralateral
arm at eight time points over the course of five hours after injection. High performance liquid chromatography
(HPLC) on a Hitachi HPLC system with a Diode array detector (Hitachi, Mannheim, Germany] was used. GFR
was calculated with the area under the receiver-operating characteristic curve of plasma concentration versus
time. External quality control was provided by Equalis (Equalis AB, Uppsala, Sweden). lohexol results were
indexed for body surface area according to the DuBois and DuBois formula. All procedures involving
participants and data were in accordance with the revised Helsinki Declaration of 2000, concerning ethical
principles for medical research involving human subjects.

2.2. Cystatin C assays

All samples were frozen at -80 degrees Celsius, as cystatin C is known to be stable at this temperature [5]. In
2010, we used the non-calibrated particle-enhanced turbidimetric (PETIA) Roche Tina-quant® Generation 1
assay, on the Roche/Hitach Cobas S system (Integra 800) at Labor Synlab, Heidelberg. In the following text we
will refer to this assay as "Genl". The interassay coefficients of variation for the Ger assay were 5.57% and 4.51
% at mean concentrations of 1.04 mg/L and 4.48 mg/L, respectively. In 2013, cysC was measured at Labor
Limbach Heidelberg using the particle enhanced nephelometric (PENIA) N Latex® assay on the BN™ II System
(Siemens Health Care Diagnostics, ex-Dade-Behring, Marburg, Germany). The interassay coefficients of
variation for serum cysC were 3.4% and 4.6% at concentrations of 1.13 and 2.29 mg/L, respectively. The
manufacturer's reference interval for healthy subjects is 0.59 - 1.05 mg/L, after standardization of cysC
according to ERM - DA 471/IFCC for BN Systems. All reagents and control materia were provided by Siemens
Health Care Diagnostics.

Additionally, cysC was measured in 2014 at Labor Limbach, Heidelberg using the newly developed and
calibrated Tina-quant® Generation 2 assay on the Roche/Hitachi Cobas S system (Cobas ¢ 501). This assay will



Published in : Clinica Chimica Acta
Statuts: postprint (Author’s version)

be referred to as "Gen2". The interassay coefficients of variation were 2.3%, 3.2% and 1.3% at mean
concentrations of 1.0 mg/L, 1.7 mg/L and 4.1 mg/L, respectively. All reagents and control material was provided
by Roche Diagnostics.

The Genl assay was not standardized to ERM - DA 471/IFCC, in contrast to the more recent Gen2 assay, which
has been available for commercial clinical use since 2014.

2.3. Comparison of assays

Roche Genl and Siemens were compared in the total BIS cohort (n=3666). Roche Gen2 and Siemens were
compared in the sub-population with iohexol measurements (n=567).

2.4. Comparison of estimated GFR with different assays

In both study groups, the BIS population (n=3666) and the iohexol-subpopulation (n=567), we compared GFR
results estimated by the CKD-EPIcys and CAPA equations, as both have been developed with ERM-
DA471/1FCC-standardized cysC values and included individuals above the age of 70 in their equation
development samples.

CKD-EPIcys [3]:
Cystatin C <0.8: 133*(CysC/0.8)-04%9%0.996A%(*0.932 if female)
Cystatin C >0.8: 133*(CysC/0.8)1328%0,996A%(*0.932 if female)
CAPA [19]:
130*CysC1069%Age0117.7,

Finally the performances of these equations with Siemens and Gen2 assays were compared to the reference
method, i.e. GFR measured with iohexol.

2.5. Statistical Analysis

Descriptive analyses included means, standard deviations (SD), medians and quartiles for continuous variables
as well as absolute frequencies and percentages for categorical variables.

For assay comparisons, we performed the Passing Bablok method [24], a linear regression procedure that does
not include specific assumptions regarding the distribution of the samples or measurement errors. The advantage
of the non-parametric Passing Bablok procedure for comparing two analytical methods is that it is much less
influenced by outliers. We used Bland-Altman plots for method comparison including limits of agreement taking
into account random measurement errors when performing assay comparison [25]. Bias between assays was
assed as the mean difference between PETIA Roche and PENIA Siemens (PETIA Roche -PENIA Siemens),
with positive values indicating an overestimation with the PETIA Roche assay.

For comparison between estimations and comparison of estimated GFR versus measured GFR, we focused on
Bland and Altman analysis. Bias was assessed as the mean difference between eGFR and mGFR. Precision was
assessed as the SD of the bias, and accuracy as the percentage of estimates within 10% and 30% of the mGFR
(P10 and P30). Testing for significant difference of equation performance was done with the McNemar Test.

3. RESULTS

Main characteristics of the BIS population at baseline (n=2065 out of which n=1601 had a second cysC
measurement within two years, totaling n=3666 cysC blood samples) and the iohexol subpopulation (n=567) are
displayed in Table 1a and 1b, respectively. Mean age was slightly higher in the BIS population at baseline with
80.4 versus 78.5 years in the iohexol population. There were 53% females, 79% on antihypertensive medication,
26% were diabetics, and the mean BSA was 1.81 m? in the total BIS population; characteristics of the iohexol
population were 43% females, 77% individuals with hypertension, 24% diabetics, and a mean BSA of 1.85 m? In
Table 2 an overview of the three cysC assays and the two BIS study populations is displayed.
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Figure 1A: Passing Bablok correlation with details on slope, intercept, random difference and linear validity for
comparison of Roche Genl (PETIA) and Siemens (PENIA) cystatin C (mg/L) assays (n=3666).

Correlation equation: y (Siemens) = -0.0689101 + 0.998336 x (Genl); details: intercept A= -0.068919 (95% Cl:
-0.08107 to -0.05574); slope B= 0.9983 (95% CI: 0.9872 to 1.0088); residual standard deviation (RSD)= 0.09301
+0.1823, no significant deviation from linearity (p=0.08).
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Figure 1B: Passing Bablok correlation with details on slope, intercept, random difference and linear validity for
comparison of Roche Gen2 (PETIA) and Siemens (PENIA) cystatin C (mg/L) assays (n=567).

Correlation equation: y (Siemens) = 0.00 +1.00x (Gen2): intercept A= 0.00 (95% CI: -0.01837 to 0.00); slope
B=1.00 (95% CI of 1.00 to 1.0204); residual standard deviation (RSD)=0.04272 +0.08373; no significant
deviation from linearity (p=1.00).
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3.1. Comparison of assays
PETIA Roche Genl versus PENIA Siemens

Mean (xSD) cysC concentrations (n=3666) were 1.18+0.41 and 1.26+0.42 mg/L for the Siemens and Genl,
respectively. The Passing Bablok regression shows the following equation: y(Siemens) = -0.0689101 + 0.998336
X (Genl) (Figure 1A). Bland Altman (Figure 2A) analysis of both cysC assays revealed a mean difference
(xSD) between Genl and Siemens of 0.08+0.13mg/L and limits of agreement were -0.18 and 0.34 mg/L.
Relative difference between the Genl and Siemens assay was 7% (z 10). Agreement of Roche Genl compared
to Siemens assay was acceptable and P10, P20, and P30 were 62%, 90%, and 98%, respectively.

PETIA Roche Gen2 versus PENIA Siemens

Mean (£SD) cysC concentrations (n=567) were 1.14+0.38 and 1.14+0.37 mg/L for the Siemens and Gen2,
respectively. The Passing Bablok regression showed an essentially perfect equation up to (blank) decimal places:
y(Siemens) = 0,00 + 1,00 x (Gen2) (Figure 1B). Bland Altman (Figure 2B) analysis of both cysC assays
revealed a mean difference (xSD) between Gen2 and Siemens of 0.003+0.06 mg/L and limits of agreement were
-0.12 and 0.12 mg/L. Relative difference between the Siemens and Gen2 assay was -0.06% (+ 5). Agreement of
Gen2 compared with Siemens assay was substantially improved: P10, P20, and P30 were 95%, 100%, and
100%, respectively.

Figure 2A: Bland and Altman of PETIA Roche Genl versus PENIA Siemens cystatin C (mg/L) assay (n=3666).
The bias is represented by the solid middle line (0.08 mg/L). The upper (0.38 mg/L) and lower limits (-0.18
mg/L) of the interval of agreement are represented by the dashed lines.
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Figure 2B: Bland and Altman of PETIA Roche Gen2 versus PENIA Siemens cystatin C (mg/L) assay (n=567).
The bias is represented by the solid middle line (0.003 mg/L). The upper (0.12 mg/L) and lower limits (-0.12
mg/L) of the interval of agreement are represented by the dashed lines.
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3.2. Comparison of CKD-EPIcys and CAPA estimates of GFR using each cystatinC assay
PETIA Roche Genl versus PENIA Siemens:

Mean estimated GFRs based on CKD-EPIcys equation (n=3666) were 63+21 and 57+19 mL/min/1.73 m?, for
the Siemens and Roche Genl, respectively. Bland Altman analysis revealed a mean difference (xSD) between
Genl and Siemens of -5+8 mL/min/1.73 m? (Figure 3A). Agreement for eGFRckp-ep1 With Genl as compared to
Siemens was acceptable and P10, P20, and P30 were 54%, 88%, and 98%, respectively.

PETIA Roche Gen2 versus PENIA Siemens:

Mean estimated GFRs based on CKD-EPIcys equation (n=567) were 65+20 and 6520 mL/min/1.73 m?, for the
Siemens and Roche Genz2, respectively. Bland Altman analysis revealed a mean difference (xSD) between Gen2
and Siemens of 0+4 mL/min/1.73 m? (Figure 3B). Agreement for eGFRckp-ep1 between Gen2 and Siemens was
substantially improved: P10, P20, and P30 were to 89%, 99%, and 100%, respectively.

3.3. Performance of estimated GFR versus measured GFR (n=567)

The mean measured GFR was 6016 mL/min/1.73m?. Mean difference of eGFRckp-eri cOmpared to mGFR was
5+10 mL/min/1.73m? for Roche Gen2 and 5+11 mL/min/1.73m? for Siemens. There was no significant
difference in bias, precision or accuracy between Siemens and Gen 2 for eGFRckp-ep1 @5 compared to mGFR
(Table 3)

For the CAPA equation, mean eGFR values were 67+19 mL/min/1.73m? with Roche Gen2 and 66+19
mL/min/1.73m? with Siemens. Mean difference of eGFRcapa compared to mGFR was 610 mL/min/1.73m? for
Roche Gen2, and 6+10 mL/min/1.73m? for Siemens. As for the CKD-EPI equation there was no significant
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difference in bias, precision and accuracy between Siemens and Gen2 for eGFRcapa as compared to mGFR
(Table 3).

Comparing the performance of both GFR equations with mGFR, CKD-EPI showed a significantly better P30
(89%) value with Roche Gen 2 as compared to CAPA (86%) (p-value of 0.02). Otherwise no significant
differences in equation performance were found between both equations.

Table 1a: Main Characteristics of BIS participants at Baseline

N 2065
Age?, years 80.4 (69.8-99.8)
Female, n (%) 1087 (52.6)

body weight?, kg

75 (39.7-136.2)

height?, cm 164.4 (139-198)
BSA:, m? 1.81 (1.24-2.49)
BMIZ, kg/m? 27.7 (17.6-50.1)

Cystatin C (Siemens)?, mg/L

1.15 (0.52-3.91)

Cystatin C (Roche Gen1)?, mg/L

1.23 (0.41-4.06)

eGFRcara(Siemens)?, ml/min/1.73m?

66.4 (10.8-149.6)

eGFRcara(Roche Genl)?, ml/min/1.73m?

60.8 (10.1-198.5)

eGFRckp-gpi (Siemens)?, ml/min/1.73m?

64.3 (11.1-111.5)

eGFRckp-gri (Roche Genl)?, ml/min/1.73m?

58.6 (10.5-137.1)

Diabetes mellitus®, n (%)

536 (26.0)

Avrterial Hypertension®, n (%)

BSA= body surface area, BMI = body mass index, eGFR = estimated GFR, Genl = Generation 1 assay from

Roche
8mean, (range)

1627 (78.8)

®Diabetes was defined as either hemoglobin A1c>6.5% or prescription of antidiabetic medication

®Hypertension was defined as prescription of antihypertensive medication

Table 1b: Main characteristics of the iohexol cohort participants

N 567
Age?, years 78.5
Female, n (%) 242 (42.7)

body weight?, kg

77.4 (47.0-136.2)

height®, m 166.3 (143.0-192.0)
BSA?, m? 1.85 (1.35-2.40)
BMI?, kg/m? 27.9 (19.0-47.1)

Cystatin C (Siemens)?

1.14 (0.61-4.40)

Cystatin C (Roche Gen2)?

1.14 (0.59-4.35)

MGFR?, ml/min/1.73m?

60.3 (15.5-116.7)

eGFRcara(Siemens)?, ml/min/1.73m?

66.4 (9.0-127)

eGFRcara(Roche Gen2)?, ml/min/1.73m?

66.5 (9.2-131)

eGFRckp-epi (Siemens)?, ml/min/1.73m?

65.1 (9.4-114)

eGFRckp-eri (Roche Gen2)?, ml/min/1.73m?

65.2 (9.5-107)

Diabetes mellitus®, n (%)

136 (24.0)

Arterial Hypertension®, n (%)

BSA= body surface area, BMI = body mass index, mMGFR = measured GFR, eGFR = estimated GFR, Gen2=

Generation 2 assay from Roche
4mean, (range)

436 (76.9)

®Diabetes was defined as either hemoglobin A1c>6.5% or prescription of antidiabetic medication

®Hypertension was defined as prescription of antihypertensive medication
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GFR estimating equations:

CKD-EPIcys [3]: Cystatin C < 0.8: 133*(CysC/0.8)"04%*0.996A%(*0.932 if female)
Cystatin C >0.8: 133*(CysC/0.8)"1328%0.996A%(*0.932 if female)
CAPA [19]: 130*CysC-108%*%Age0117-7,

Table 2: Overview of study samples, number of blood samples and type of cystatin C assay

Sample non-standardized standardized standardized
PETIA Roche PENIA Siemens PETIA Roche
Gen 1 assay? assay” Gen 2 assay*

BIS cohort (n=3666):

2065 baseline and 1601 X X

follow up cystatin C

samples

BIS lohexol X X

subpopulation (n=567)
non-standardized turbidimetric Tina quant® Genereation 1 assay from Roche

bstandardized nephelometric N-Latex® assay from Siemens

‘non-standardized turbidimetric Tina quant® Generation 2 assay from Roche (on the market since 2014)

Figure 3A: Bland and Altman of GFR (ml/min/1.73m?) estimated by CKD-EPIcys with PETIA Roche Genl
versus PENIA Siemens (n=3666). The bias is represented by the solid middle line (-5 mL/min/1.73 m2). The
upper (10 mL/min/1.73 m?) and lower limits (-20 mL/min/1.73 m?) of the interval of agreement are represented
by the dashed lines.
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Figure 3B: Bland and Altman of GFR (ml/min/1.73m?) estimated by CKD-EPIcys with PETIA Roche Gen2
versus PENIA Siemens (n=567). The bias is represented by the solid middle line (0 mL/min/1.73 m?). The upper
(9 mL/min/1.73 m?) and lower limits (-9 mL/min/1.73 m?) of the interval of agreement are represented by the

dashed lines.
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Table 3: Bias, precision and accuracy for eGFRcapa and eGFRckp-er1 @5 compared to measured GFR with cysC
Siemens and Roche Gen2.

Mean Bias SD of Differences| Mean relative SD of P10 P30
(ml/min/1.73 m?) | (ml/min/1.73 m?) Bias relative (%) (%)
(%) Bias
(%)
eGFRcara
Siemens 6 10 11 18 41 86
Roche Gen2 6 10 11 18 41 862
eGFRckp-epi
Siemens 5 11 8 18 41 88
Roche Gen2 5 10 8 18 42 892

aComparing the performance of both GFR equations with mGFR, CKD-EPI showed a significantly better P30
value with Roche Gen 2 as compared to CAPA (p-value of 0.02). Otherwise no significant differences in
equation performance were found between both equations.

eGFR: estimated GFR, mGFR: measured GFR, SD: Standard deviation, Bias was assessed as mean difference
between eGFR and mGFR, P10 and P30 were calculated as the percentage of estimates within 10 and 30% of
MGFR. GFR estimating equations:

CKD-EPlcys [3]:
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Cystatin C < 0.8: 133*(CysC/0.8)049%*0,996/%(*0.932 if female)

Cystatin C >0.8: 133*(CysC/0.8)"1328%0.996A%(*0.932 if female)
CAPA [19]:

130*CysC1069%Age 01177,

4. DISCUSSION

In this study, we were able to demonstrate that the current calibrated cystatin C (cysC) assays provided by
Siemens (PENIA) and Roche (PETIA) give very comparable results. The bias between Roche and Siemens cysC
assays was reduced from 7% with the Genl down to 0% with the Gen2 assay demonstrating that actually Gen2
and Siemens can be used inter-changeably. Consequently the bias between assays when calculating eGFR has
also been reduced from -5 down to 0 ml/min/1.73m? Additionally we could show that eGFR assessed with either
Siemens or Gen2 from Roche achieve the same accuracy when compared to mGFR. Estimating GFR with
equations based on biomarkers requires that the measurement of such biomarkers be accurate and standardized to
minimize method-specific bias. Indeed, most equations have been developed from regression models in which
biomarkers, creatinine or cysC, had predominant mathematical weight [26]. Moreover, the relationships between
GFR and creatinine or cysC are exponential, so small variations in biomarker concentration, such as those
observed with the non-standardized Genl assay, could be sufficient to induce important differences in GFR
estimates [9-14;26;27]. This point is particularly relevant at normal creatinine or cysC levels and is easily
explained by the exponential relationship between renal biomarkers and GFR [26]. Therefore, standardization of
both serum creatinine and cysC measurement is very important in the general population and in particular in
epidemiological studies examining the association of kidney function with morbidity and mortality. Several
studies have illustrated large differences in CKD prevalence after the creatinine assay was standardized [12;27].

Today, the most popular creatinine-based equations have been developed with a calibrated, standardized and
traceable creatinine assay [2;4;28;29]. Manufacturers have successfully implemented standardization by
calibrating their assays against a reference method, i.e. mass spectrometry (the so-called IDMS-traceable assays).
Independent studies have shown that most enzymatic assays are effectively IDMS-traceable [15;30]. The
situation is less evident for Jaffe assays, even when manufacturers claim that traceability has been obtained
[30;31]. Due to its molecular structure, the measurement of cysC by mass spectrometry is much more complex
even if such a method has been recently made available [16]. However, to the best of our knowledge, this
method has not yet been used to determine the "true value" of the cysC content of the reference material ERM-
DAA471/IFCC proposed by the IFFC working group that manufacturers should use to calibrate their assays [17;
18]. CysC standardization is required to improve large discrepancies between the nephelometric and
turbidimetric methods, but also differences observed between different assays using the same turbidimetric
methods [9;11;13;14;20-22;32]. This will also prevent that, within a single method, calibrations change over
time, as it has been described with the PENIA method from Siemens [33]. Just as for creatinine, the
standardization of cysC measurement was a prerequisite before proposing cysC-based equations to estimate GFR
in clinical practice [3; 19]. Calibration is possible today but it remains to be proven whether manufacturers
actually use calibration procedures. Some authors have recently reported significant and relevant cysC
discrepancies, which warrants doubt about the manufacturer's commitment to use calibration effectively [13;20-
22]. Our results should be reassuring, as two of the most commonly used cysC assays, Roche (PETIA) and
Siemens (PENIA), give concordant results in terms of cysC concentrations and estimated GFR. Sensu stricto, we
are not able to prove that these assays are calibrated to the reference material. However, the fact that the new
assay proposed by Roche (Gen2) demonstrates more consistent results with the Siemens assay than the prior one
(Genl) is an indirect but important indication for calibration. Another indirect argument is the excellent
agreement of estimated GFR results observed in two equations, which were specifically developed with
calibrated cysC methods. These two cysC-based equations, i.e. the CKD-EPIcys and the CAPA equations, show
an acceptable performance with both assays to estimate GFR, with an accuracy within 30% of around 85-90% in
our general population of elderly subjects. There are two limitations to our study. First, our conclusions are only
applicable to the three specific assays studied here and additional comparisons between multiple assays available
on the market may be required to support their use. Second, our conclusion is applicable for these assays
provided in Europe. Based on the current literature, it is possible that calibration could be applied differently in
the US, as it has been speculated for the Siemens assay [13;20-22]. Globally, the studies about cysC calibration
show better concordance in European studies, including ours, [10;19;34;35] than in American ones [20-22].
However, this hypothesis should be addressed in future studies.

In summary, in our large cohort of older individuals, we show that both the Siemens (PENIA) and the newly
developed Roche Gen2 (PETIA) assay give basically identical results of cysC. Equation performance is not
influenced by the choice of either of these cysC assays and likewise CKD-EPIcys and CAPA can be used to
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estimate GFR with cysC in older adults. This work indicates that successful calibration has led to major progress
in cystatin C analysis.
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