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Abstract

An interlaboratory study was conducted through the Vitamin D Standardization Program 

(VDSP) to assess commutability of Standard Reference Materials® (SRMs) and proficiency 

testing/external quality assessment (PT/EQA) samples for determination of serum total 25­

hydroxyvitamin D [25(OH)D] using ligand binding assays and liquid chromatography – tandem 

mass spectrometry (LC-MS/MS). A set of 50 single-donor serum samples were assigned target 

values for 25-hydroxyvitamin D2 [25(OH)D2] and 25-hydroxyvitamin D3 [25(OH)D3] using 

Reference Measurement Procedures (RMPs). SRM and PT/EQA samples evaluated included SRM 

972a (four levels), SRM 2973, six College of American Pathologists (CAP) Accuracy-Based 

Vitamin D (ABVD) samples, and nine Vitamin D External Quality Assessment Scheme (DEQAS) 

samples. Results were received from 28 different laboratories using 20 ligand binding assays and 

14 LC-MS/MS methods. Using the test assay results for total serum 25(OH)D [i.e., the sum of 

25(OH)D2 and 25(OH)D3] determined for the single-donor samples and the RMP target values, 

the linear regression and 95% prediction intervals (PIs) were calculated. Using a subset of 42 

samples that had concentrations of 25(OH)D2 below 30 nmol/L, one or more of the SRM and 

PT/EQA samples with high concentrations of 25(OH)D2 were deemed non-commutable using 5 of 

11 unique ligand binding assays. SRM 972a (Level 4), which has high exogenous concentration of 

3-epi-25(OH)D3 was deemed non-commutable for 50% of the LC-MS/MS assays.

Graphical Abstract
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Introduction

Concerns about comparability of measurements among laboratories for the determination 

of total serum 25-hydroxyvitamin D, [25(OH)D], which is defined as the sum of 25­

hydroxyvitamin D2 [25(OH)D2] and 25-hydroxyvitamin D3 [25(OH)D3] excluding the 3­

epimer of 25(OH)D3 and is the primary marker of vitamin D status, led to the creation 

of the Vitamin D Standardization Program (VDSP) in 2010 by the U.S. National Institutes 

of Health, Office of Dietary Supplements (NIH-ODS) [1]. The VDSP is a collaboration 

among NIH-ODS, the U.S. National Institute of Standards and Technology (NIST) [2], the 

U.S. Centers for Disease Control and Prevention (CDC), national survey laboratories in 

several countries, and vitamin D researchers worldwide [1]. With a goal of standardizing 

measurements of 25(OH)D among laboratories worldwide to improve clinical practice and 

public health [1], the VDSP established a reference measurement system that includes 

reference measurement procedures (RMPs) based on isotope dilution liquid chromatography 

– tandem mass spectrometry (ID LC-MS/MS) at NIST [3,4], Ghent University [5], and 

CDC [6]; NIST Standard Reference Materials® (SRMs) [7–9]; the CDC Vitamin D 

Standardization – Certification Program [10]; and collaborations with two accuracy-based 

performance testing/external quality assessment (PT/EQA) programs, i.e., the U.S. College 

of American Pathologists (CAP) accuracy-based vitamin D (ABVD) program [11] and 

the Vitamin D External Quality Assessment Scheme (DEQAS) [12,13]. The VDSP also 

implemented performance criteria and guidelines to establish traceability [14] and developed 

approaches for the prospective and retrospective standardization of serum total 25(OH)D, 

serum 24R,25-dihydroxyvitamin D3 [24,25(OH)2D3], and vitamin D binding protein [15–

19].

In 2011, the VDSP coordinated an interlaboratory study to address two major areas related 

to measurements of 25(OH)D using ligand binding assays and LC-MS/MS. The first aspect 

of the study was a comparison of different assays to assess performance regarding variability 

and bias [20]. A second focus of the study was to assess commutability of SRMs and 

PT/EQA study materials from CAP ABVD and DEQAS. Establishing the commutability 

of SRMs and test materials used in accuracy-based PT/EQA programs is an essential 

task in establishing a reference measurement system for 25(OH)D. Commutability is 

defined as the equivalence of mathematical relationships between results obtained using 

different measurement procedures for a reference material and for representative patient 

samples [21–23]. SRMs and PT/EQA materials typically use pooled serum samples and 

commutability of these materials cannot be assumed but must be demonstrated through an 

appropriately designed study. The results of this first commutability study, denoted as VDSP 

Commutability Study 1, were reported by Phinney et al. [24] and demonstrated that, with 

few exceptions, SRM 972a Vitamin D Metabolites in Frozen Human Serum (four levels), 
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CAP ABVD, and DEQAS materials were commutable with multiple assays. Unfortunately, 

the conclusions of Commutability Study 1 were limited in that all participants did not agree 

to identification of their laboratories or assays used.

A second set of VDSP intercomparison/commutability studies, designated as 

Intercomparsion Study 2 and Commutability Study 2, was undertaken in late 2016 with all 

participants agreeing to identification of laboratories and assays used. For Intercomparison 

Study 2 and Commutability Study 2, 50 single-donor serum samples were obtained and 

characterized for 25(OH)D2, 25(OH)D3, and 24R,25-dihydroxyvitamin D3 [24,25(OH)2D3] 

using RMPs [3,4], and for 3-epi-25(OH)D3 using an isotope dilution (ID) LC-MS/MS 

method similar to the RMPs [3]. To identify specific challenges for the determination of 

serum total 25(OH)D and to expand the boundaries for commutability assessment, 8 of the 

50 single-donor samples had high concentrations of 25(OH)D2 (>30 nmol/L).

For Commutability Study 2, SRM 972a (four levels) [8] was evaluated again as well as 

a more recent SRM with a higher level of 25(OH)D3, SRM 2973 Vitamin D Metabolites 

in Frozen Human Serum (High Level) [9], and six CAP ABVD samples [11] and nine 

DEQAS samples [12]. For the DEQAS samples, two sets of the same nine samples were 

shipped frozen and at ambient temperature to investigate the effect of shipping temperature 

on the commutability assessment. For Commutability Study 2, results were received from 

28 different institutions/laboratories using 20 ligand binding assays methods and 14 LC­

MS/MS methods. In this paper, we report the results of VDSP Commutability Study 2. The 

results of Intercomparison Study 2 are reported by Wise et al. for the LC-MS/MS assays 

[25] and for the ligand binding assays [26].

Methods

Measurands

The measurand for Commutability Study 2 was serum total 25(OH)D in concentration 

units of nanomoles per liter (nmol/L). Serum total 25(OH)D is defined as the sum of the 

concentrations of 25(OH)D2 and 25(OH)D3, without the inclusion of the concentration of 

3-epi-25(OH)D3. The concentrations of two additional metabolites, 3-epi-25(OH)D3 and 

24R,25(OH)2D3, were also determined in the 50 single-donor and SRM/PT/EQA samples.

Commutability Study 2 - Coordination and Responsibilities

Commutability Study 2 was co-designed and coordinated by NIST and NIH-ODS through 

the VDSP, including acquisition and distribution of 50 single-donor serum samples, 

recruitment of participating laboratories, and compilation of the results [27]. Samples were 

distributed to the participating laboratories in November 2016 and results were received 

in January/February 2017. NIST was responsible for analysis of the 50 single-donor 

serum samples and the SRM, ABVD, and DEQAS samples to assign target values for 

25(OH)D2, 25(OH)D3, 3-epi-25(OH)D3, and 24R,25(OH)2D3. NIH-ODS and VDSP LLC 

were responsible for conducting the data analyses.
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Single-Donor Serum Samples

The 50 single-donor serum samples used in Commutability Study 2 were procured from 

Solomon Park Research Laboratories (Seattle, WA). Single-donor serum samples from 50 

healthy human donors (i.e., no known disease states, pregnant, renal failure patients) were 

prepared according to the Clinical Laboratory Standards Institute (CLSI) C37-A guidelines 

[28,29] and contained only endogenous vitamin D metabolites with a distribution of total 

25(OH)D concentrations across the clinically-relevant range of 15 nmol/L to 150 nmol/L. 

All single-donor samples were anonymous to the study. A number of serum samples were 

requested with high levels of 25(OH)D2. The details of the preparation of and distribution of 

25(OH)D concentrations for these 50 human single-donor samples are described elsewhere 

[25].

SRMs and PT/EQA Samples

The samples evaluated in Commutability Study 2 included: SRM 972a (Four Levels), SRM 

2973, six CAP ABVD samples, and nine DEQAS samples. With the exception of SRM 

972a L4 (fortified with 3-epi-25(OH)D3), all SRM/PT/EQA samples were unprocessed 

serum pools containing only endogenous 25(OH)D2, 25(OH)D3, and 3-epi-25(OH)D3. The 

DEQAS samples were from serum pools previously distributed as part of DEQAS quarterly 

exercises. DEQAS samples 1 through 9 were the following samples from DEQAS exercises 

conducted in April 2015 and July 2015: (1) 472, (2) 473, (3) 474, (4), 475 (5) 479, (6), 

476, (7) 478, (8) 477, (9) 480. In DEQAS, the quarterly exercise samples are shipped to the 

participants at ambient temperature [12]. To assess the commutability of samples shipped 

differently, two sets of the same nine samples were shipped to the study participants; one 

set was shipped at ambient temperature (i.e., no temperature control) and the second set was 

shipped frozen on dry ice. Therefore, participating laboratories were not blinded as to the 

identity of the DEQAS samples that were shipped at ambient temperature since they arrived 

separately from the other samples shipped frozen. The 29 SRM and PT/EQA samples were 

assigned target values for serum total 25(OH)D using the NIST RMPs [3,4] as described 

below.

Commutability Study 2 Design

Participating laboratories agreed prior to the study that their results, including the 

identification of laboratory and assay, would be included in publications reporting the 

results. VDSP Commutability Study 2 was designed and conducted according to CLSI 

EP14-A3 and EP30-A guidelines prior to the publication of new recommendations for 

commutability assessment by the IFCC Working Group on Commutability [30–32]. Each 

participant received the 50 single-donor serum sample set (one cryovial containing 0.50 

mL of serum per single-donor sample) and one vial each of 6 CAP ABVD samples 

(each containing approximately 1.0 mL serum), 5 NIST SRM samples (each containing 

approximately 1.1 mL of serum), and 18 DEQAS samples (each containing 0.6 mL of 

serum). Prior to distribution, all CAP ABVD, DEQAS, and SRM samples were stored at 

< −40 °C. All samples (except 9 DEQAS samples) were shipped to the participants frozen 

on dry ice and participants were instructed to store all samples frozen at −60 °C or lower 

(including the DEQAS samples shipped at ambient temperature) until the time of analysis.

Camara et al. Page 6

Anal Bioanal Chem. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Participants were to analyze the 50 single-donor samples (DS) and the 29 SRM and PT/EQA 

samples in duplicate on the same day. Duplicate measurements (i.e., sample preparations) 

were to be made from one vial. For laboratories that needed a greater volume of serum 

than provided in the single-donor sample vial (i.e., 0.5 mL), an additional vial was provided 

to facilitate the duplicate measurements. The second vial was to be pooled with the first 

vial prior to analysis. The protocol specified a run order of analyzing the samples first 

in ascending (DS01-DS50) and then descending order (DS50-DS01) with the SRMs and 

PT/EQA materials interspersed among the donor samples. Participants were requested to use 

their routine laboratory operation procedures with normal internal QC criteria.

Participants were requested to provide results using a reporting template provided by NIST. 

Results for 25(OH)D2, 25(OH)D3, 3-epi-25(OH)D3, and total 25(OH)D were requested 

in units of nmol/L with three significant figures. The following information was also 

requested: (1) instrument description and measurement technology, (2) assay performance 

characteristics such as limit of detection and measurement range, and (3) lot numbers of 

reagent(s), calibrators, and controls used in the analysis.

NIST Value Assignment of 50 Single-Donor Serum Samples and SRMs and PT/EQA 
Samples

Mass fractions (ng/g) of 25(OH)D2, 25(OH)D3, and 24R,25(OH)2D3 were determined in 

each of the 50 single-donor serum samples using the ID LC-MS/MS-based RMPs as 

described by Tai et al. [3,4]. Although not designated as an RMP, a similar ID LC-MS/MS 

method was used for determination of the 3-epi-25(OH)D3. The 50 single-donor serum 

samples and the DEQAS, CAP ABVD, and SRM samples were distributed among 15 

sample sets (a total of 79 samples in duplicate). SRM samples also served as control 

materials for the analyses of the single-donor samples. Each of the 15 sample sets was 

analyzed separately as described in detail elsewhere [25]. The results for 25(OH)D2, 

25(OH)D3, 3-epi-25(OH)D3 and 24R,25(OH)2D3 in the 50 single-donor samples are 

reported elsewhere [25] and the results for the SRM and PT/EQA samples are summarized 

in Table 1. The results for 25(OH)D2, 25(OH)D3, 3-epi-25(OH)D3, and 24R,25(OH)2D3 

were determined as mass fraction (ng/g), converted to mass concentration (ng/mL) using a 

universal serum sample density value of 1.02 g/mL, and converted to molar concentration 

(nmol/L) using the appropriate molecular mass ratios of 25(OH)D2 (2.42), 25(OH)D3 

(2.50), 3-epi-25(OH)D3 (2.50), and 24R,25(OH)2D3 (2.40). The results for the CAP ABVD 

and DEQAS samples as determined in ng/g and converted to nmol/L are reported in 

Tables S1 through S4 (see Supplementary Information, ESM) for 25(OH)D2, 25(OH)D3, 

3-epi-25(OH)D3 and 24R,25(OH)2D3, respectively. The analyses of SRM 972a (L1-L4) and 

SRM 2973 served as controls as well as providing target values for 25(OH)D2, 25(OH)D3, 

3-epi-25(OH)D3, and 24R,25(OH)2D3, and the results are summarized in Tables S5 through 

S8, respectively (see ESM). All results for 25(OH)D2, 25(OH)D3, 3-epi-25(OH)D3, and 

24R,25(OH)2D3 determined in the SRMs as controls were within the uncertainties of the 

certified and reference values as demonstrated in ESM, Tables S5 through S8.
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Participants and Assays Used in This Study

Forty sets of the 50 single-donor samples were distributed to 34 laboratories. Results were 

received from 28 laboratories for 34 assays including 20 ligand binding assays (12 unique 

assays) and 14 LC-MS/MS assays. The results of the analysis of the 50 single-donor 

samples and the SRMs and PT/EQA samples reported by all laboratories are provided 

as Excel file in ESM identified as Data VDSP Commutability Study 2. The laboratories, 

assay manufacturers, and assay name/model used in this study are listed in Table 2. Several 

laboratories used the same assay resulting in two or more data sets including (number 

in parentheses is number of labs using this assay): Abbott (4), bioMérieux (2), DiaSorin 

(2), Roche (2), Siemens (2), and SNIBE (2). The ligand binding assays evaluated in this 

study included the most frequently represented assays in recent DEQAS exercises [12], i.e., 

DiaSorin, Roche, Siemens, IDS, and Abbott. To avoid repetition of the assay name/model, 

the assay will be referred to by the manufacturer’s name.

Data Analysis

Statistical assessment of the results was based on CLSI EP09c-ED3, EP14-A3, and EP30-A 

guidelines [33–35]. Using only the first of the two replicates for the determination of 

25(OH)D in each of the single-donor samples and the NIST assigned target values for total 

serum 25(OH)D, Ordinary Deming regression analysis and 95% prediction intervals (PIs) 

were calculated for each assay as recommended by CLSI EP14-A3 [34]. All calculations for 

the Deming regression with 95% PIs were performed using Analyse-it (Analyse-it Software, 

Leeds, UK), a statistical analysis add-in for Microsoft Excel.

Commutability was assessed using the Methods Comparison tab within Analyse-it using 

the Ordinary Deming Regression. The Analyse-it Methods Comparison function is based 

on the CSLI EP14-A3 and EP30-A guidelines and provides a regression line with 95% PIs 

based on the patient samples and places the SRMs and PT/EQA samples on the plot and 

determines whether they are located within the 95% PI. The Deming regression requires 

input of the ratio of the variances of the NIST RMP versus the test assay (X/Y = λ). For 

consistency in the assessment of all assays, we used λ = 0.1, which was the mean of all 

the individual λ values (N = 34) for each of the ligand binding assays (λ = 0.07, N =20) 

and LC-MS/MS assays (λ = 0.15, N = 14). However, changes in the values for λ between 

0.01 and 1 had little impact on the regression analysis plots and ultimately the results of 

the commutability assessment. The standard deviation of the measurements (two replicates) 

from each method was calculated and the mean SD for the methods ranged from 1.2 nmol/L 

to 8.2 nmol/L (mean 4.4 nmol/L) for the ligand binding assays and from 1.6 nmol/L to 

4.2 nmol/L (mean 2.8 nmol/L) for the LC-MS/MS assays. The mean variance (SD2) was 

calculated for the ligand binding assays (17.6 nmol/L) and for the LC-MS/MS (8.5 nmol/L). 

The variance of the NIST RMP was determined to be 1.2. Use of the Analyse-it Methods 

Comparison function for commutability assessment eliminated potential bias associated with 

visual examination of the plots to determine commutability.
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Results and Discussion

NIST Assignment of Target Values for Single-Donor, SRM, and PT/EQA Samples

The 50 single-donor serum samples and the SRMs and PT/EQA samples were assigned 

target values using RMPs for 25(OH)D2 [3], 25(OH)D3 [3], and 24R,25(OH)2D3 [4], and 

an ID LC-MS/MS method for the determination of 3-epi-25(OH)D3. The results for the 50 

single-donor serum samples are reported in Intercomparison Study 2 Part 1 [25]. The results 

for the determination of the same vitamin D metabolites in the SRM, CAP ABVD, and 

DEQAS samples are summarized in Table 1. The distribution of 25(OH)D2, 25(OH)D3, 

3-epi-25(OH)D3, and 24R,25(OH)2D3 concentrations in the SRM, CAP ABVD, and 

DEQAS samples is shown graphically, arranged as increasing concentration of 25(OH)D, 

in Figure S1 (see ESM). The relationship between the concentrations of 3-epi-25(OH)D3 

and 24R,25(OH)2D3 with the concentration of 25(OH)D3 in the SRM/PT/EQA samples is 

illustrated in Figure S2 (see ESM).

The 50 single-donor samples had serum total 25(OH)D concentrations across a clinically­

relevant range of 16 nmol/L to 148 nmol/L, with 25(OH)D3 ranging from 10 nmol/L to 

141 nmol/L. For the 50 single-donor samples, concentrations for 25(OH)D2 ranged from 0.3 

nmol/L to 7.6 nmol/L (only 3 samples between 3 nmol/Land 7.6 nmol/L) with the exception 

of 8 samples with 25(OH)D2 concentrations of > 30 nmol/L ranging from 32 nmol/L to 

137 nmol/L (with 4 samples ≥ 99 nmol/L), which were obtained from donors who were 

taking ergocalciferol supplements. Although levels of 25(OH)D2 >30 nmol/L are rare in the 

healthy U.S. population [17,36], these extremely high concentration 25(OH)D2 single-donor 

samples provided an opportunity to better assess assay response to both 25(OH)D2 and 

25(OH)D3. Because these higher concentration 25(OH)D2 samples were problematic for 9 

of the 12 different ligand binding assays evaluated, as described below, the assays were 

evaluated using both the 50-sample set and the 42-sample subset (excluding samples with 

concentrations of 25(OH)D2 >30 nmol/L).

Regression Analysis

The regression models (i.e., slope, intercept, and R2) are summarized in Table 3 for all 

assays for both the 50- and 42-sample sets. Of particular interest for comparison of the 50- 

and 42-samples sets are the y-intercepts for the 95% PIs (Min and Max), which were used 

to determine the width of the PI. These regression models and PIs based on only the first 

replicate measurement were used as the basis for the commutability assessment; however, 

similar regression models using the mean of the two replicates were used to assess assay 

performance in a broader scope as described elsewhere [25,26].

The regression plots with PIs are shown in Figure 1 for three assays to illustrate the 

differences in slope and PI widths with removal of the high concentration 25(OH)D2 

samples. For the Bio-Rad assay (Lab 4) shown in Figure 1A and 1B, removal of the 

higher concentration 25(OH)D2 samples does not significantly change the slope or PIs for 

the regression line. The regression analysis plot for an LC-MS/MS assay (Lab 7), shown 

in Figure 1E and 1F, also indicates only minor changes for the 50- versus 42-sample 

sets. However, as shown in Figure 1C and 1D, removal of the higher concentration 
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25(OH)D2 samples significantly alters the slope and PIs for the Abbott assay and would 

therefore influence the assessment of commutability. Because the 42-sample subset is 

more representative of the distribution of 25(OH)D2 concentrations in clinical assays, the 

assessment and discussion of commutability will focus on using the 42-sample subset. In 

addition, the significantly wider PIs for the 50-sample set for several ligand binding assays 

due to the influence of the high 25(OH)D2 concentration samples from donors supplemented 

with ergocalciferol would provide an overly liberal assessment of commutability of the SRM 

and PT/EQA samples for several of the assays. Similar regression plots comparing the 50- 

versus 42-samples sets are provided for all remaining assays as Figures S3 through S13 (see 

ESM).

Commutability Assessment

Regression analysis plots for the 42-sample subset used to assess commutability are shown 

in Figures 2 through 5 for each of the 12 unique ligand binding assays and for the 14 

different LC-MS/MS assays. A summary of the commutability assessment by laboratory/

assay and SRMs and PT/EQA materials for the 42-sample subset is provided in Table 4. A 

similar commutability assessment summary using the 50-sample set is provided in Table S9 

(see ESM). Commutability was assessed for both the frozen and ambient DEQAS samples; 

however, the determination of the equivalence of the frozen versus ambient samples with 

respect to the various 25(OH)D assay responses is described elsewhere [37].

For the Bio-Rad assay (Figure 1B), all of the CAP ABVD, DEQAS, and SRM samples are 

assessed as commutable. The results for the Bio-Rad assay are similar to results for several 

other ligand binding assays that are not significantly influenced by the higher concentration 

25(OH)D2 samples including IDS-EIA (Figure 2F), Beckman Coulter (Figure 3A), Roche 

(Figure 3C), and Siemens (Figure 3D). All SRM and PT/EQA samples were deemed to be 

commutable for these assays.

As shown in Figure 1D, CAP ABVD-1, DEQAS-9 (frozen and ambient), and SRM 972a L3 

are non-commutable using the Abbott assay. These four samples all have concentrations of 

25(OH)D2 >30 nmol/L (see Table 1). CAP ABVD-04 also has a relatively high 25(OH)D2 

concentration (23.8 nmol/L) and was assessed as non-commutable by two of the laboratories 

using the Abbott assay (see Table 4 and ESM Figure S3D and S3F). The IDS-iSYS-2 assay 

(Lab 20) also had difficulties with samples with high concentrations of 25(OH)D2, as shown 

in Figure 2E indicating that the two materials with the highest 25(OH)D2 concentrations, 

CAP ABVD-1 and DEQAS-9, are non-commutable. Interestingly, for the IDS-iSYS-1 (Lab 

39) assay, which was an earlier version of the IDS-iSYS-2 assay (see Table 2), all SRM 

and PT/EQA samples were found to be commutable (see Figure 2D). DEQAS-9 was 

also assessed as non-commutable with the SNIBE assay (Figure 2C) but only for the 

ambient shipped sample. The SNIBE assay was one of four assays that were found to have 

statistically different results for the ambient versus frozen DEQAS samples as described 

elsewhere [37].

As summarized in Table 4, CAP ABVD-1 was assessed as non-commutable for Abbott, 

bioMérieux (Lab 34), DiaSorin (Lab 24), IDS-iSYS-2, and SNIBE (Lab 31). For the 

two laboratories reporting results for the bioMérieux, DiaSorin, and SNIBE assays, 
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one laboratory provided results indicating that all SRMs and PT/EQA samples were 

commutable, whereas the results from the second laboratory indicated that CAP ABVD-1 

was non-commutable. In all three cases, the CAP ABVD-1 sample is near the 95% PI line. 

When all 50 single-donor samples are used to assess commutability (see Table S10 in ESM), 

only three samples were found to be non-commutable, and all three samples were measured 

using the IDS-iSYS-2 (Lab 20) assay.

For the LC-MS/MS assays, the main issue related to commutability of the SRMs and 

PT/EQA samples is whether 3-epi-25(OH)D3 and 25(OH)D3 are chromatographically 

separated. The results shown in Figure 1F illustrate this non-commutability issue for one 

LC-MS/MS assay (Lab 7). As shown in Figure 1E and 1F, the width of the PI does 

not change significantly between the 50-sample (E) and 42-sample (F) sets for Lab 7 LC­

MS/MS assay when compared to the ligand binding assays (see Table 3). However, because 

of the high exogeneous concentration of 3-epi-25(OH)D3, SRM 972a L4 is readily assessed 

as non-commutable. In Figure 4, the results for six additional LC-MS/MS assays are shown 

for which SRM 972a L4 is assessed as non-commutable. For Lab 36 (Figure 4E), the result 

for SRM 972a L4 is only slightly outside the 95% PIs whereas for the other LC-MS/MS 

assays for which this sample is non-commutable, the results are significantly outside the 

95% PIs. Of the 14 different LC-MS/MS assays evaluated, 6 assays do not appear to 

separate the 3-epi-25(OH)D3 and 25(OH)D3, and therefore, SRM 972a L4 becomes non­

commutable for these assays (Table 4). Lab 17 (Figure 5E) intentionally did not analyze 

SRM 972a L4 because these VDSP samples were not analyzed with the alternative test 

method offered by LapCorp (Lab 17) that separates and quantifies the epimers of both 

25(OH)D2 and 25(OH)D3.

Several additional samples are assessed as non-commutable with three LC-MS/MS assays. 

DEQAS-9 (both frozen and ambient) with high 25(OH)D2 concentration is also non­

commutable for Lab 33’s LC-MS/MS assay as shown in Figure 4D. For Lab 16’s 

LC-MS/MS assay (Figure 5D), CAP ABVD-01 [high 25(OH)D2] and DEQAS-4A were 

assessed as non-commutable. Four samples, including DEQAS-9F [high 25(OH)D2], were 

found to be non-commutable using the LC-MS/MS assay at Lab 37 (see Figure 5C). 

However, these commutability assessments for samples other than SRM 972a L4 [high 

exogeneous 3-epi-25(OH)D3] and DEQAS-09 [high 25(OH)D2] may be attributed to the 

narrow width of the PI for the 42-sample set rather than an actual commutability problem. 

When all 50 single-donor samples are used for the assessment of commutability for 

LC-MS/MS assays (see ESM Table S10), the results are similar to using the 42-sample 

subset, i.e., SRM 972a L4 is deemed non-commutable using seven LC-MS/MS assays, and 

DEQAS-9 is assessed as non-commutable with one assay (Lab 33).

Comparison to Commutability Study 1

Beyond the identification of the laboratories and assays in Commutability Study 2, there 

were several other significant improvements over Commutability Study 1 [24]. Results from 

only 9 laboratories (6 ligand binding assays and 3 LC-MS/MS assays) were reported in 

Commutability Study 1 compared with 34 sets of results (20 ligand binding assays and 

14 LC-MS/MS) in this second study. In Commutability Study 2, target concentrations of 
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25(OH)D2 were reported for all 50 single-donor samples, ranging from 0.3 nmol/L to 137 

nmol/L with eight samples > 30 nmol/L, compared with Commutability Study 1, where 

only 17 of 50 samples had concentrations of 25(OH)D2 above the LOQ, and there were no 

samples with concentrations > 20 nmol/L.

The 20 SRM, CAP ABVD, and DEQAS samples in Commutability Study 2 (compared to 17 

samples in the first study) provided a greater range of serum total 25(OH)D concentrations 

ranging from 30 nmol/L to 148 nmol/L (with 5 samples > 98 nmol/L) compared with 

a range of 28 nmol/L to 127 nmol/L (with only one sample > 98 nmol/L) in the first 

study. Five samples in Commutability Study 2 had endogenous concentrations of 25(OH)D2 

>20 nmol/L compared with only three samples in the first study. The 3-epi-25(OH)D3 

concentrations in the SRM/PT/EQA samples were similar in both studies with endogenous 

levels between 1 nmol/L and 7 nmol/L (study 2 had one sample at 12.8 nmol/L); 

however, the first study had three samples with high concentrations of 3-epi-25(OH)D3 (all 

exogenous), whereas the second study had only one sample with exogenous 3-epi-25(OH)D3 

(i.e., SRM 972a L4).

For Commutability Study 1, all SRMs and PT/EQA samples were deemed commutable 

using the ligand binding assays with the exception of one CAP ABVD sample (inconclusive 

commutability for two assays). For the second commutability study, the SRM and PT/EQA 

samples with concentrations of 25(OH)D2 > 20 nmol/L were deemed as non-commutable 

by five assays (i.e., Abbott, bioMérieux, DiaSorin, IDS-iSYS-2, and SNIBE). For the three 

LC-MS/MS assays in the first study, two samples with high exogenous 3-epi-25(OH)D3 

concentrations were identified as inconclusively commutable for one assay, and SRM 972a 

L3 and DEQAS-8 with high 25(OH)D2 concentrations (33.1 nmol/L and 47.3 nmol/L, 

respectively) were determined to be inconclusively commutable and non-commutable, 

respectively, for the two remaining assays. In the current study, 50% of the LC-MS/MS 

assays did not adequately separate 25(OH)D3 and 3-epi-25(OH)D3 resulting in non­

commutability for SRM 972a L4. While SRM 972a L4 provides an excellent performance 

challenge for LC-MS/MS assays, endogenous concentrations of 3-epi-25(OH)D3 at this high 

level would rarely, if ever, be encountered in actual patient samples. Significant positive 

biases observed for 50% of the LC-MS/MS assays in the interlaboratory comparison study 

[25] also point to the lack of separation of 25(OH)D3 and 3-epi-25(OH)D3 as the major 

LC-MS/MS performance issue.

Conclusions

VDSP Commutability Study 2 is a comprehensive commutability assessment of SRMs 

and PT/EQA samples for 25(OH)D measurements based on results from 12 unique ligand 

binding assays and 14 different LC/MS/MS assays. For several ligand binding assays 

(i.e., Abbott, bioMérieux, DiaSorin, IDS-iSYS-2, and SNIBE), SRM and PT/EQA samples 

with high concentrations of 25(OH)D2 were assessed as non-commutable, which may be 

attributed to unequal responses of these assays to 25(OH)D2 and 25(OH)D3 resulting in 

significant bias for the measurement of total 25(OH)D when concentrations of 25(OH)D2 

> 20 nmol/L [26]. SRM and PT/EQA samples with high 3-epi-25(OH)D3 concentrations 

were found to be non-commutable for 7 of the 14 LC-MS/MS assays evaluated indicating 
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that these assays probably do not adequately separate the 3-epi-25(OH)D3 and 25(OH)D3. 

While this lack of specificity for 25(OH)D3 and 3-epi-25(OH)D3 may or may not be an 

issue for clinical testing and patient care, it is a limitation that can be easily addressed with 

modifications to the LC-MS/MS assay.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Assay results for determination of serum total 25(OH)D in single-donor samples versus the 

NIST assigned target value for Laboratory 4 (Bio-Rad) using the BioPlex 2200 25(OH) 

Vitamin D assay for 50 samples (A) and 42 samples (B), Laboratory 1 (Abbott Diagnostics) 

using the Abbott Architect 25-OH Vitamin D assay for 50 samples (C) and 42 samples 

(D), and Laboratory 7 (Chromsystems Instruments & Chemicals) using the Chromsystems 

LC-MS/MS assay for 50 samples (E) and 42 samples (F).
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Figure 2. 
Assay results for determination of serum total 25(OH)D in the 42 single-donor sample 

subset versus the NIST assigned target value for (A) Laboratory 3 (bioMérieux) using the 

VIDAS 25OH Vitamin D Total assay, (B) Laboratory 24 (Imperial College Healthcare) 

using an DiaSorin Liaison 25 OH Vitamin D Total assay, (C) Laboratory 31 (SNIBE) using 

a prototype MAGLUMI 25-OH Vitamin D assay, (D) Laboratory 39 (Yale University) using 

the IDS-iSYS 25 Vitamin DS (IDS-iSYS-1), (E) Laboratory 20 (Immunodiagnostic Systems) 

using the IDS-iSYS 25 VitDS (IDS-iSYS-2), and (F) Laboratory 21 (Immunodiagnostic 

Systems) using the IDS-EIA 25-Hydroxy Vitamin DS EIA assay.
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Figure 3. 
Assay results for determination of serum total 25(OH)D in the 42 single-donor sample 

subset versus the NIST assigned target value for (A) Laboratory 26 (National Institute 

of Public Health) using the Beckman Coulter Access 25(OH) Vitamin D Total assay, (B) 

Laboratory 2 (Awareness Technology) using an DIAsource 25 OH Vitamin D Total ELISA 

assay, (C) Laboratory 29 (St. Vincent’s University Hospital) using a Roche Vitamin D 

Total II assay, (D) Laboratory 30 (Siemens) using the Siemens 25 Vitamin D (VitD), 

(E) Laboratory 11 (Canisius Wilhelmina Hospital) using an LC-MS/MS assay, and (F) 

Laboratory 12 (Prince of Wales Hospital) using an LC-MS/MS assay.

Camara et al. Page 19

Anal Bioanal Chem. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Assay results for determination of serum total 25(OH)D in the 42 single-donor sample 

subset versus the NIST assigned target value for (A) Laboratory 6 (Manchester Royal 

Infirmary) using an LC-MS/MS assay, (B) Laboratory 22 (Imperial College Healthcare) 

using an LC-MS/MS assay, (C) Laboratory 28 (Penn State University) using an LC-MS/MS 

assay, (D) Laboratory 33 (University of California at San Diego) using an LC-MS/MS 

assay, (E) Laboratory 36 (University of Washington) using an LC-MS/MS assay, and (F) 

Laboratory 38 (Waters Technologies Ireland Ltd.) using an LC-MS/MS assay.
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Figure 5. 
Assay results for determination of serum total 25(OH)D in the 42 single-donor sample 

subset versus the NIST assigned target value for (A) Laboratory 25–1 (University of 

Cambridge) using an LC-MS/MS assay, (B) Laboratory 25–2 (University of Cambridge) 

using an LC-MS/MS assay, (C) Laboratory 37 (University of Western Australia) using an 

LC-MS/MS assay, (D) Laboratory 16 (Endoceutics Inc.) using an LC-MS/MS assay, and (E) 

Laboratory 17 (Endocrine Sciences - LabCorp) using an LC-MS/MS assay.
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