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Special Report

Recommendations for Setting a Criterion for Assessing
Commutability of Secondary Calibrator Certified
Reference Materials

W. Greg Miller,®* Thomas Keller b Jeffrey Budd,® Jesper V. Johansen,® Mauro Panteghini,® Neil Greenberg,1c
Vincent Delatour,? Ferruccio Ceriotti (), Liesbet Deprez,i Robert Rej J Johanna E. Camara,*
Finlay MacKenzie,' Alicia N. Lyle (®,™ Eline van der Hagen," Chris Burns,® Pernille Fauskanger,?
and Sverre Sandberg,P*" for the IFCC Working Group on Commutability in Metrological Traceability

A secondary higher-order calibrator is required to be com-
mutable with clinical samples to be suitable for use in the
calibration hierarchy of an end-user clinical laboratory in
vitro diagnostic medical device (IVD-MD). Commut-
ability is a property of a reference material that means re-
sults for a reference material and for clinical samples have
the same numeric relationship, within specified limits,
across the measurement procedures for which the refer-
ence material is intended to be used. Procedures for asses-
sing commutability have been described in the literature.
This report provides recommendations for establishing a
quantitative criterion to assess the commutability of a cer-
tified reference material (CRM).

The criterion is the maximum allowable noncommut-
ability bias (MANCB) that allows a CRM to be used as
a calibrator in a calibration hierarchy for an IVD-MD
without exceeding the maximum allowable combined
standard uncertainty for a clinical sample result
(umaxcg). Consequently, the MANCB is derived as a
fraction of the #maxcg for the measurand. The suit-
ability of an MANCSB for practical use in a commut-
ability assessment is determined by estimating the
number of measurements of clinical samples and
CRMs required based on the precision performance
and nonselectivity for the measurand of the

measurement procedures in the assessment. Guidance
is also provided for evaluating indeterminate commut-
ability conclusions and how to report results of a com-
mutability assessment.

Introduction

Clinical laboratory test results are used for making deci-
sions regarding the medical condition of patients.
Equivalent results for clinical samples (CSs) among dif-
ferent end-user in vitro diagnostic medical devices
(IVD-MDs) used in clinical laboratories are important
for making medical decisions using clinical practice
guidelines and decision thresholds. Establishing metro-
logical traceability of results for CSs to a certified refer-
ence material (CRM), used as a secondary commutable
calibrator in position m.3 in the calibration hierarchies
described in the International Organization for
Standardization (ISO) standard 17511:2020 (1), is an
accepted approach to achieve equivalent results for the
CSs irrespective of the IVD-MD used for making mea-
surements. A higher-order commutable secondary cali-
brator used in the calibration hierarchies of IVD-MDs
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may be a CRM consisting of the measurand in a matrix
that closely simulates that of CSs or may be prepared by
adding a pure substance CRM into a matrix suitable for
use as a calibrator. In either case, a secondary calibrator is
required to be commutable with CSs for all of the
end-user IVD-MD:s for which it is used as part of their
calibration hierarchy (2, 3). In addition, the calibrator
needs to be commutable with CSs when used with a
manufacturer’s selected, or standing, measurement pro-
cedure (MP) in a calibration hierarchy when that MP is
different than the end-user IVD-MD (3). If there are
differences between the selected or standing MP and
the end-user IVD-MD, then the manufacturer of the
IVD-MD is responsible for determining the suitability
for use of the CRM in its calibration hierarchy.

Commutability is a property of a reference material
that means results for a reference material and for CSs
have the same numeric relationship, within specified lim-
its, across the measurement procedures for which the ref-
erence material is intended to be used. Experimental
designs for assessing commutability have been published
(2, 4-6). For the difference in bias approach (4),
IVD-MDs are evaluated in pairs, and a CRM is consid-
ered commutable for use with those IVD-MDs that con-
sistently meet the criterion when compared across most
pairs in the assessment. For the calibration effectiveness
approach (5), all IVD-MDs are evaluated simultaneously,
and a CRM is considered commutable for use with those
IVD-MD:s that fulfill the criterion. A CRM is considered
noncommutable for use with an IVD-MD for which the
magnitude of noncommutability bias plus its uncertainty
is outside the criterion. In such cases, the CRM may still
be suitable for use if a correction for noncommutability
bias with small enough uncertainty is included in the cali-
bration hierarchy for such an IVD-MD (7).

In this report, we provide a process to determine a
quantitative criterion for acceptable commutability of a
CRM, or of a calibrator prepared from a pure substance
CRM by dilution in a suitable matrix. The criterion is
based on an allowable contribution from noncommut-
ability bias in the calibration hierarchy of an end-user
IVD-MD such that the total combined uncertainty for
the CS result allows the maximum allowable combined
standard uncertainty for the CS (#maxcs) to be fulfilled.
The same approach is applicable for trueness controls
used to verify the calibration traceability of an end-user

IVD-MD.

Propagation of Measurement Uncertainty to a
Clinical Sample Result in the Calibration
Hierarchy of an IVD-MD

There is a measurement uncertainty (MU) associated

with each step in a calibration hierarchy. The MU of
each calibration step is propagated through the
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calibration hierarchy and contributes to the combuined
MU at each step. There is a combined MU for the CS
result that reflects the cumulative uncertainty contribu-
tions from all steps in the calibration hierarchy. A
umaxcs is intended to represent an acceptable risk of
harm when the CS result is used for medical decisions.
Note that usually the MU is expressed as standard uncer-
tainty (%), corresponding to the 1 SD (absolute) or the
CV (relative) of a material’s assigned value. The ex-
panded uncertainty defines an interval where the true va-
lue is expected to lie with a stated level of probability. A
coverage factor (k) indicates the expansion, where U=
k-u. A kof2is typically used to define a coverage prob-
ability of 95.45%. How to establish an #maxcs is out of
scope for this report, and the reader is referred to guid-
ance in the literature (8, 9).

When a commutability assessment is performed,
the difference in bias between a CRM and CS results
measured for a pair of IVD-MDs is determined and is
called the noncommutability bias. The uncertainty asso-
ciated with an acceptable noncommutability bias will be
propagated through the calibration hierarchy to the CS
result but is small enough that #maxcg is fulfilled. A de-
cision that a CRM is commutable with CSs is made
when the noncommutability bias is within a specified
criterion that is consistent with the noncommutability
bias being small enough that the umaxcs is fulfilled
without correcting for that amount of noncommutabil-
ity bias. The magnitude of a noncommutability bias is
determined at a point in time when a commutability
study is performed. In current practice, we assume
that the noncommutability bias observed in a commut-
ability assessment is representative of what would be ob-
served if the assessment were repeated and does not
change throughout the life of a CRM (7). This assump-
tion implies that the IVD-MDs used in the commutabil-
ity assessment have no changes regarding reagent
formulation or operating parameters.

Determining the Criterion for Assessing
Commutability of a CRM

A commutability assessment typically includes a number
of IVD-MDs with varying performance characteristics
for selectivity and repeatability. Consequently, the mag-
nitude of noncommutability biases will vary from one
IVD-MD to another. Each IVD-MD can have a differ-
ent noncommutability bias because the influence of the
CRM matrix on the measurement response of each
IVD-MD can be different. An acceptable noncommut-
ability bias can have any value within an interval where
the criterion is met. Consequently, for commutability
assessment, the noncommutability biases from a group
of IVD-MDs are assumed to be randomly distributed.
Therefore, the acceptable limit of the randomly
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distributed  individual IVD-MD noncommutability
biases is expressed as the maximum allowable # from
noncommutability (#maxyc). The maximum allowable
noncommutability bias (MANCB) is derived from the
umaxyc which is derived from the #maxcs. Thus, the
MANCSB is derived from the #maxcs.

There is no preset fraction of wmaxcg that is as-
signed to each step in a calibration hierarchy. The MU
from each step can have any reasonable value as long
as the combined # for the CS fulfills the #maxcs. A
model has been proposed to estimate allowable MU in
the calibration hierarchy by partitioning the zmaxcg
among 3 major steps: the MU of the value assigned to
a commutable CRM, the MU of the value assigned by
the IVD-MD manufacturer to the end-user calibrator,
and the MU of the CS that includes all uncertainty
sources associated with the IVD-MD measurement pro-
cess and the individual medical laboratory’s operation of
the IVD-MD to produce a result for a CS (10, 11). As
shown in Fig. 1, we modified this model to include a
MU  contribution from the allowable interval
of noncommutability biases. Historically, an allowable
noncommutability bias of a commutable CRM has
been assumed to be negligible and thus not corrected
for in the calibration hierarchy. However, to set a
MANCSB requires that an estimate of an acceptable non-
commutability bias be made. In Fig. 1, we propose as-
signing 3/8 of the #maxcg to the allowable individual
standard uncertainty for the umaxyc, with the assump-
tion that the allowable noncommutability bias can be
adequately represented as an uncertainty contribution
to umaxcs. This model is intended to allow sufficient
u for each step in the calibration hierarchy. A different
fraction for any of the sources of #, including the
umaxyc, is allowed as long as the #maxcg is fulfilled.

Once umaxyc is determined, the MANCB can be
derived. Using the difference in bias approach (4), the
acceptable noncommutability bias is allowed to have
any random value in the interval [-MANCB;
+MANCB]. A rectangular distribution gives the most
conservative (largest) estimate of such variability with

width (W) which has the SD indicated in Eq. 1 (12):

sp="Y_

Since W=2-MANCSB (i.e., -MANCB to +MANCB),
the SD is equal to:

2. MANCB

SD=———
v @)

Since umaxyc is the SD for the distribution of accept-
able noncommutability values, the MANCB is:

MANCB = /3 - umaxnc 3)

Using the difference in bias approach for commutability
assessment (4), any noncommutability bias plus its CI
falling entirely within the interval [-MANCB;
+MANCB] is accepted, and the CRM is considered
commutable with CSs and suitable for use with all com-
binations of IVD-MD pairs in the commutability assess-
ment that satisfied this criterion. The CRM
commutability is considered “inconclusive” for use
with an IVD-MD if the CI for the difference in bias
overlaps the criterion. A CRM determined to be “incon-
clusive” needs further evaluation as discussed in a later
section. A CRM is considered noncommutable with
CSs for IVD-MDs in a pairwise comparison for which
the noncommutability bias plus its CI exceeds the
MANCSB criterion. A CRM determined to be noncom-
mutable is not suitable for use in the calibration hier-
archies of IVD-MDs wunless a correction for
noncommutability bias is included (7).

In the calibration effectiveness approach (5), each
IVD-MD is calibrated using the CRM in its calibration
hierarchy. The average difference (bias) from an expected
value is determined for each CS for each IVD-MD. If the
CS bias values are normally distributed, the mean bias,
and its CI, is determined for each IVD-MD. If, due to
nonselectivity of an IVD-MD for the measurand in
some CS, the distribution is skewed or has high kurtosis,
then the median bias, and its CI, is determined. The
IVD-MDs are sorted in order of their average biases
and the highest bias minus the lowest bias is computed
as the inter-MP bias range. The CRM is considered com-
mutable for use with those IVD-MDs for which the
inter-MP bias range does not exceed 2 - MANCB. After
excluding IVD-MDs where the CRM is not commutable
with CSs, the CRM commutability is considered “incon-
clusive” for those IVD-MDs whose bias estimates and
their associated Cls overlap the criterion.

Evaluating the MANCB Criterion for
Commutability Assessment as Practical for Use

Before conducting a commutability experiment, the
MANCSB should be assessed for its suitability for use
with a practical experimental design to demonstrate
that the CRM is commutable with CSs within prede-
fined limits. As described in the Supplemental
Material Parts 2 and 3, the statistical approach is a test
for equivalence with the null hypothesis that the CRM
is not commutable with CSs. Sample sizes are estimated
to determine the number of CSs and the number of re-
plications of both CS and CRM measurements. Because
commutability assessment is a complex experimental de-
sign, closed sample size formulas using effect size, SD(s),
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Individual Combined

Sources of standard standard
standard uncertainty uncertainty uncertainty
allowance allowance

Equation to calculate
combined standard
uncertainty

CRM (umaxcgwm) 1/3 of umaxcs

CRM noncommutability (umax,c) 3/8 of umaxcs 1/2 of umaxcs SQRT(Ucrm™2 + UnM2)

IVD-MD

A A N
end-user calibrator (umaxc,) SQRT(Ucrm"2 + Unc"2 + Uca/2)

3/8 of umaxcs 5/8 of umaxcs

L\ A A

Clinical lab measurement

A A A A
using IVD-MD (umaxay) SQRT(Ucrm™2 + Unc™2 + Uca™2 + Upy"2)

3/4 of umaxcs umaxcs

Fig. 1. Allocation of standard measurement uncertainty (u) to the major steps of a calibration hierarchy.
umaxcs represents the maximum allowable combined u for a CS result. The other u terms are what are
allowable for each contributor, assuming the model allocation is applicable, and are derived from the
umaxcs. The umaxcgw is the uncertainty of the value assigned to the commutable CRM, umax,, is the un-
certainty from noncommutability of the CRM, umax, is the uncertainty of the value assigned to
the end-user calibrator, and umaxg,, is the uncertainty estimate based on data obtained under intermedi-
ate precision conditions of measurement as defined in ISO/TS 20914 (Medical laboratories—practical
guidance for the estimation of measurement uncertainty. I1SO, Geneva, Switzerland, 2019).
Contributions to u at positions below the umaxcgy are shown as individual contributions from that
step and for the combined uincluding that step. Note that the diagram is not itself a calibration hierarchy.

This figure is expanded from the concept described in (10).

and alpha and beta error are not available.
Consequently, simulations were used to investigate the
number of CSs and replications needed to achieve a pre-
defined probability of a successful experiment. This
probability is known as the power of the experiment
and is typically chosen as 80% or 90%. The power
can be estimated by performing simulations for example
data sets using the analysis program provided in the dif-
ference in bias approach (4). The simulations were based
on estimates of precision of CS and CRM measure-
ments, magnitude of acceptable noncommutability
bias, and the influence of nonselectivity for the measur-
and, which was assumed to be an additional normally
distributed random error contributing to the measured
values of the CSs. The simulations were performed by
applying scenarios of varying numbers of CSs and repli-
cate measurements and evaluated as the proportion of si-
mulations when a conclusion of “commutable” was
reached for a given MANCB. This proportion is the
statistical power of the experiment. The number of
CSs and replicates needed to reach the desired power
can then be evaluated for their suitability to be imple-
mented. Details and a table showing possible experimen-
tal designs are described in the Supplemental Material
Part 3.

Because simulation requires advanced statistical
support, we developed a table of sample sizes based
on an alternative estimation using the two one-sided
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#-test (TOST) equivalence test for a series of common-
ly encountered commutability assessment designs. The
sample size estimation via the TOST approach pro-
vides the overall total numbers of measurements of
CS and CRM but ignores the clustered variance struc-
ture associated with a specified number of replicate
measurements of a CS or CRM. Consequently, the
user must allocate the total number of measurements
into a reasonable number of CSs and replicates of
each CS. For example, TOST might indicate that 40
measurements are needed but does not distinguish be-
tween 1 single measurement of 40 CSs, 4 replicate
measurements of 10 CSs, or 40 replicate measure-
ments of 1 CS. However, TOST provides an
easy-to-use table of possible numbers of measurements
to estimate the size and practicality of an experimental
design. If needed, nonselectivity for the measurand can
be taken into account by adding an additional normal-
ly distributed random error component to the SD for
the CS measurement results. Details for using the
TOST approach and a table showing possible experi-
mental designs are described in the Supplemental
Material Part 2.

From simulations shown in Supplemental Table 3.2
in the supplemental material, the smallest numbers of
samples and measurements are needed when the same
number of measurements are made for the CRM and
for the CSs. However, in most cases, it is not logistically
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practical to have the same number of measurements for
the CRM and for the CSs. Consequently, the TOST ap-
proximation of sample sizes in Supplemental Table 2.2
includes lower ratios of 1:12, 1:8, and 1:4, i.e., 1 CRM
measurement for every 12, 8, and 4 CS measurements, re-
spectively. Ratios lower than 1:4 have little effect on the
number of CRM measurements needed and a large influ-
ence on increasing the number of CS measurements
needed. A ratio of 1:4 is a practical choice for an effective
commutability assessment.

Examples Deriving the Commutability
Criterion MANCB and Evaluating the
Practicality of a Commutability Assessment
Experiment Using a Given MANCB

The examples that follow evaluate the practicality of an
MANCSB using the difference in bias approach for com-
mutability assessment (4). The Supplemental Material
Part 1 shows the evaluation using the calibration effective-
ness approach (5). Note that this report describes how to
derive a commutability assessment criterion (MANCB)
from a umaxcs but does not address how to determine
the umaxcg, which is described elsewhere (8, 9).

SERUM CREATININE

For serum creatinine we used a #maxcg of 7.6% based on
recommendations from the National Kidney Disease
Education Program (13). Using the model in Fig. 1, the
umaxng is 2.85%. Using Eq. 3, the MANCB is 4.94%.
For the difference in bias approach, this criterion is
+0.05 mg/dL at 1.0 mg/dL (4.6 pmol/L at 88.5 pmol/
L) and +0.20 mg/dL at 4.0 mg/dL (17.5 pmol/L at
354 pmol/L). Based on internal quality control data for
serum creatinine (14), the intermediate within-laboratory
SD was approximately 0.02 mg/dL at 0.8 mg/dL, 2.5%
CV (1.8 pmol/L at 71 pmol/L) and 0.06 mg/dL at
7.0 mg/dL, 0.9% CV (5.3 pmol/L at 619 pmol/L).

The sample sizes necessary for the commurtability
experiment for serum creatinine were investigated using
TOST and simulation approaches. The measurement
SD (or CV) as a fraction of MANCB for both
IVD-MDs in a comparison for commutability assess-
ment was 0.05 (2.5%/4.94%), thus the sample sizes in
row 4 of Supplemental Table 2.2 based on TOST apply
(see blue highlighted cells). For 90% power, 1:4 ratio of
CRM:CS and noncommutability bias 0.33 of MANCB
(which leaves the remaining 0.67 of the MANCSB to ac-
commodate the CI for the noncommutability bias), 14
measurements of CRM and 56 measurements of CSs
are needed.

For simulation under the same assumptions,
Supplemental Table 3.2, scenario 7 (see blue highlighted
cells) shows that the CRM measured in triplicate in 5

positions distributed among the CSs, and 20 CSs mea-
sured in triplicate were needed, which is a total 15 mea-
surements of CRM and 60 measurements of CSs. The 2
approaches gave similar estimates of the total number of
CRM and CS measurements needed.

The estimates suggest a reasonable experimental de-
sign and we conclude the MANCB of 4.94% (rounded
to 5%) is reasonable for assessing commutability of a
CRM for creatinine without considering nonselectivity
of IVD-MDs for creatinine.

The potential influence of nonselectivity of
IVD-MDs can be estimated by arbitrarily increasing
the SD for the measurement of CSs to reflect an increase
in random variability of the biases for CSs caused by
nonselectivity for the measurand. The magnitude of in-
crease should consider the analytical capability of the
IVD-MD:s in the commutability assessment but is an as-
sumption only used to determine if the MANCSB is real-
istically suitable for use. If the nonselectivity is known to
be too large, a MP will be excluded from commutability
assessment (2).

For the creatinine example, the SD for CS measure-
ments was arbitrarily doubled to reflect the potential in-
fluence of nonselectivity. Using the same measurement
procedure parameters as previously described, the
TOST estimation in Supplemental Table 2.2, row 6
(see green highlighted cells) shows that a total of 20 mea-
surements of CRM and 80 measurements of CS are
needed. The simulation results when the same SD con-
tribution for nonselectivity in CS measurements is in-
cluded is shown in Supplemental Table 3.3, scenario 7
(see green highlighted cells). In this simulation, the
CRM measured in triplicate in 8 positions and 30 CS
measured in triplicate were needed, which is a total 24
measurements of CRM and 90 measurements of CSs.
The 2 approaches gave similar estimates of the total
number of CS and CRM measurements needed.
Assuming a larger SD or increased power would increase
the total number of measurements needed. Note that
when nonselectivity is present, more CSs are needed,
not more replicates of the same number of CSs because
replication does not reduce the influence of nonselectiv-
ity. The size of the experiment remains reasonable,
suggesting that the MANCB for creatinine is suitable
for use.

SERUM SODIUM

For serum sodium, we used 0.4% for umaxcs, which is
the minimum value based on biological variability of
this measurand (0.75Xmedian within-individual CV)
(15). Using the model in Fig. 1, the umaxync is
0.15%. Using formula 3, the MANCB is 0.26%. For
the difference in bias approach, this criterion is
+0.36 mmol/L at 140 mmol/L. Based on internal
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quality control data for serum sodium (14), the inter-
mediate within-laboratory SD was approximately
1 mmol/L between 114 and 160 mmol/L, which is
CV 0.7% at 140 mmol/L. The sample sizes necessary
for the difference in bias commutability experiment
for sodium were estimated using TOST. The SD for
all measurements was 2.7 times MANCB (0.7%/
0.26%). The sample sizes in row 46 of Supplemental
Table 2.2 for a 2-2 ratio of SDs were used (see yellow
highlighted cells). We used the 2-2 ratio because 2.7
exceeds 2 and the number of replicates at or above a
2-2 ratio are very large, making the 2-2 row suitable
for determining the feasibility of a commutability as-
sessment experiment. Table 1 shows that 140 measure-
ments of CRM and 560 measurements of CS would be
needed for a 1:4 allocation design, 80% power, and
noncommutability bias that is 0.33 of the MANCB
from Supplemental Table 2.2. We conclude that the
experimental design using this MANCB is not realistic.
When an initially proposed MANCB is unrealistic, a
larger value needs to be used and the influence of the
noncommutability bias on fulfilling #maxcg needs to
be investigated and stated. Table 1 shows several pos-
sible MANCB values and the corresponding numbers
of measurements needed using the TOST approach
from Supplemental Table 2.2. An MANCB of 0.56%
is likely not achievable because of the cost of the total
number of measurements and the typical fill volume
of a CRM may require an excessively large number of
vials to support the assessment. If the MANCB is in-
creased to 0.70%, the experimental design may be feas-
ible with 36 CRM and 144 CS measurements,
although this is a fairly large number of measurements
with associated cost and logistical challenges.

If an 0.70% MANCB was used for sodium, then
the influence of the noncommutability bias on fulfilling
umaxcs needs to be investigated. The noncommutabil-
ity bias of a single IVD-MD could be close to 0 or
just within the MANCB criterion for the CRM to be
considered commutable for use with that IVD-MD.
When the acceptable noncommutability biases of all
IVD-MDs in an assessment are considered, the
MANCB can be treated as a random contribution to
the combined # of the CS results. Following the ap-
proach in Fig. 1, Table 2 shows the combined # for
the final CS result using the larger 0.7% MANCB.
The combined # of 0.84% for a CS result is approxi-
mately double the 0.4% wmaxcg criterion based on
the biological variability model. Serum sodium is an ex-
ample of a measurand with stringent #maxcg for which
it is challenging to demonstrate commutability of a
CRM with CSs. Suggesting alternatives to the #maxcg
for sodium is beyond the scope of this report on deter-
mining the MANCSB criterion, but such an investigation
may be indicated (16).
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Discussion and Recommendations

SETTING A CRITERION FOR COMMUTABILITY ASSESSMENT

The MANCSB is established by first setting a #maxcg for
the CS result. Following Fig. 1, the #umaxyc is set as 3/8
of the #maxcg assuming the magnitude of noncommut-
ability bias is randomly distributed among the
IVD-MDs in a commutability assessment. Calculate
the MANCB as +/3- umaxyc, which incorporates the
random distribution of noncommutability biases.
Finally, determine that the MANCSB is consistent with
a reasonable number of CS and CRM measurements
in a commutability assessment experiment using the
TOST table, a TOST statistical application or a simula-
tion approach based on the performance characteristics
of the IVD-MDs in the study. Consequently, the
MANCSB is related to the #maxcg which is intended

to represent clinically relevant measurement results.

CONSIDERATIONS WHEN THE CRITERION FOR
COMMUTABILITY ASSESSMENT IS NOT PRACTICAL FOR USE
If the experimental design required to use an MANCB is
not reasonable from a logistical or cost perspective, i.e., a
large number of CSs or replicates is needed, then a larger
MANCSB needs to be used. The influence of a larger
MANCB on the combined # for CS results needs to
be considered from the perspective of potential increased
risk of harm to a patient from larger acceptable noncom-
mutability biases when the CRM is used in the calibra-
tion hierarchies of IVD-MDs.

Specification of #maxcg is challenging where differ-
ent models exist and within each model different “sub-
models” can be presented (8). In principle, the
preferred model depends on the measurand and its bio-
logical and clinical characteristics (8, 9). The commonly
accepted approaches to determine #maxcg may have im-
portant limitations (17-23). In situations when the
MANCB will not allow the #maxcg to be fulfilled, the
umaxcs may need to be reconsidered for its suitability
and a different approach considered to establish the
umaxcs. A MANCB that will allow a CRM to be useful
in a calibration hierarchy to improve harmonization
among CS results may be sufficient justification to estab-
lish an MANCSB criterion for commutability assessment
even if an umaxcg is not fulfilled. It is important that
scientists and the medical profession cooperate to set
analytical performance specifications for different mea-
surands and for different clinical situations and thereby
establish a #zmaxcg that is suitable for medical decisions.

ASSESSING INCONCLUSIVE COMMUTABILITY DECISIONS

The conclusion about commutability is “inconclusive”
when the CI overlaps the MANCB criterion.

Inconclusive means the experiment did not provide an
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Table 1. Number of measurements of CSs and CRM needed for different MANCB values for sodium.

80% Power; 1:4 (CRM:CS); NCB is 0.33 of

Abbreviations: nc, noncommutability; cal, calibrator; ug,, un-
certainty for end-user clinical laboratory result based on data
obtained under intermediate precision conditions of measure-
ment (see Fig. 1).

unequivocal decision regarding a CRM being commut-
able or noncommutable with CSs. The relationship be-
tween measurement imprecision, including specimen
specific influences, and MANCB determines the fre-
quency that inconclusive conclusions are encountered.
Larger imprecisions and smaller MANCB lead to more
frequent inconclusive commutability decisions.

The user of a CRM needs to determine if a CRM
with an inconclusive commutability status is suitable
for use in a calibration hierarchy. Figure 2 shows exam-
ples of several inconclusive situations. Example CRM1
has mean noncommutability bias within the MANCB
with only a small fraction of the CI exceeding the
MANCSB. In this example, the relatively small excess un-
certainty would likely not cause the #maxcs to be

MANCB Possible experimental design
CRM
MANCB CV (0.7%)/ Table $2.2 Total number of CRM Total number of CS positions in CRM CS
(%) MANCB row measurements measurements run Rep CS Rep
0.26 2.0 46 140 560 28 5 112 5
0.56 1.25 27 55 220 11 5 44 5
0.70 1.0 20 36 144 9 4 36 4
0.93 0.75 12 21 84 7 3 28 3
Abbreviations: NCB, noncommutability bias; Rep, repetitions.
Table 2. Calculation of combined uncertainty CRM6
of clinical sample results for sodium based on
an MANCB of 0.7%. CRM4
CRM2
CRM3
Source of CRM1 * CRMS5
u (see Individualu Combined u e e TTTe T i
Fig. 1) (%) (%) Comment N o ° °
s ° [ ) [ )
UCRM 0.2 From reference a L4 L s °* °
L J T L J L J
(10) s, * O
8 . .
Unc 0.4 0.45 Eq. 3 and 0.7% @ d . (] ° L4
MANCB | | @ TTTTmmmmmmmmomTTTTTTTTETTTITTTT
Concentration in clinical samples
Ucal 0.15 0.47 3/8 of umaxcs
per Fig. 1 Fig. 2. Examples of possible inconclusive com-
URw 0.7 0.84 From reference mutability assessment situations using the dif-
(14) at ference in bias approach. The solid line is the
mean bias between the 2 measurement proce-
140 mmol/L

dures for CSs shown as solid circles and the
dashed lines are the MANCB. The solid squares
are the mean bias for each CRM and the error
bars are the 95% ClI for the difference in bias be-
tween each CRM and the CSs. Note that the ex-
ample CRMs are shown vs the same underlying
concentration interval of clinical sample results
for convenience in the figure, but each CRM is
not from the same commutability assessment,
which would have the same Cl for the difference
in bias between each CRM and the clinical
samples.

exceeded, but its contribution to umaxcs should be
checked. Example CRM2 has approximately the same
noncommutability bias estimate as CRMI1, but a
much larger fraction of its CI is beyond the MANCB.
For CRM2, the larger uncertainty makes it more likely
that the #maxcg is exceeded unless other contributors
to wmaxcg are small enough to accommodate the

Clinical Chemistry 00:0 (2023) 7

€202 ¥snBny || uo 3senB A 98€ L ¥Z /701 PEAUWSYOUID/EE0 L 0 L/IOP/SI0E-00UBADE/WSLDUII0/W00" dNO0IWSPEOE//:S)Y WO} POPEOjUMOQ



uncertainty in the noncommutability bias. Examples
CRM3 and CRM4 are analogous to the preceding ex-
cept the estimated noncommutability bias exceeds the
MANCSB increasing the probability that #maxcg may
not be fulfilled. Example CRM5 has a very small esti-
mated noncommutability bias with a large CI that is al-
most contained within the MANCB so would be
handled similarly to CRM1. Example CRMS6 has a large
estimated noncommutability bias and a large CI and
would be the most likely to cause the #maxcs to be ex-
ceeded. In all the “inconclusive” examples, a CRM with
inconclusive commutability may be suitable for use
when the combined # for the CS results, including the
u of the noncommutability bias, the # from other
sources in the calibration hierarchy, and the # for oper-
ation of the IVD-MD, is within the #zmaxcs. A CRM
with inconclusive commutability can be used if the
umaxcg will be fulfilled. Otherwise, a correction for
the noncommutability bias can be added to the calibra-
tion hierarchy (7).

REPORTING THE RESULTS OF A COMMUTABILITY ASSESSMENT
We have previously recommended that the CRM certifi-
cate of analysis include all IVD-MD:s for which a CRM
has been assessed for commutability and those for which
the CRM was commutable with CSs (2). We recom-
mend that all CRMs have a certification report that
compliments the certificate of analysis by providing de-
tailed information on the commutability assessment
along with documentation of other aspects of the
CRM production and characterization. The CRM cer-
tificate or certification report must include the
MANCSB criterion used in the commutability assess-
ment. Although the magnitudes of noncommurtability
bias will vary among IVD-MDs for which the CRM is
commutable with CSs, the MANCB reflects the max-
imum potential contribution of noncommurtability
bias to the combined # of CS results measured using
all IVD-MDs.

The CRM certification report should include the
magnitude of noncommutability bias and its # for
each IVD-MD in a commutability assessment including
those for which the CRM was determined to be com-
mutable for use and those with indeterminate or non-
commutable conclusions. This detailed information
will assist [IVD manufacturers to determine how to use
the CRM in a calibration hierarchy and if a correction
for noncommutability or inconclusive commurtability
should be considered.

As previously recommended (2, 4, 5), some
IVD-MDs with inadequate performance may need to
be excluded from assessing commutability of a CRM.
In such cases, the CRM would not be suitable for use
with those excluded IVD-MDs. We recommend that
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IVD-MDs excluded from a commutability assessment
be identified in the certification report to provide poten-
tial users of the CRM with all available information re-
garding its suitability for use.

LIMITATIONS

Selectivity of IVD-MD:s for the measurand is a challenge
that affects the estimated noncommutability bias as well
as the selection of CS for use in a commutability assess-
ment. Poor selectivity causes sample specific influences
that may contribute a bias to some individual CS results.
The magnitude of a sample specific bias for an individual
CS is a function of the amount of the particular influ-
ence quantity in an individual CS. The variable magni-
tude of sample specific biases across a set of CSs is
usually observed as random variability in the set of
CSs. Excessive sample specific influences can cause an
unacceptable large noncommutability bias and/or an as-
sociated large CI leading to an inconclusive commut-
ability decision, or can be a reason to exclude an
IVD-MD from a commutability assessment. In either
case, the CRM is considered not suitable for use with
such an IVD-MD. The calibration effectiveness ap-
proach (5) reduces the effect of nonselectivity on results
by taking the median value over all CSs, which mini-
mizes the influence of those CSs with larger sample spe-
cific biases.

The model described to derive an MANCB applies
for all types of measurands including complex and het-
erogeneous molecules such as protein complexes or si-
tuations when nonselectivity changes across the
measuring interval due to altered molecular forms in
pathological conditions. The influence of nonselectivity
of MPs for such measurands will likely increase the mag-
nitude of the MANCB and the experimental design
needed to assess commutability. The amount of nonse-
lectivity that can be accepted should be established
when designing the commutability assessment experi-
ment. The suitability of an MANCB needs to be evalu-
ated in relation to the influence of noncommutability on
the #maxcg specification.

If the required MANCSB is small, the # required for
the experimental design may not be achievable at an ac-
ceptable cost regarding the number of CSs and replicate
measurements of each CS and CRM. A larger MANCB
may be needed to have a feasible experimental design. In
this situation, the potential influence of a larger
MANCSB on the « of CS results needs to be considered
and stated in the certificate or the certification report.
Consideration of the MANCB in the context of im-
provement in harmonization of CS results made possible
by a CRM, and lacking suitable alternatives, may be
considered even if the #umaxcg is not fulfilled.

Sourcing a sufficient number of single-donation
CSs to cover the appropriate concentration interval
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may be challenging in particular when the value assigned
to the CRM is at pathological concentrations. A CRM
producer should consider collaborating with other
CRM producers, external quality assessment providers,
and IVD manufacturers to cost share by including other
candidate materials in the commutability assessment.
Potential drawbacks of this approach are that inclusion
of more materials may require more CSs to suitably cov-
er the concentration interval needed, and the study can
become very large as the CRM replicate measurements
from Supplemental Table 2.2 need to be made for
each individual CRM.

Supplemental Material

Supplemental material is available at Clinical Chemistry
online.

Nonstandard Abbreviations: CS, clinical sample; IVD-MD, in vitro
diagnostic medical device; CRM, certified reference material; 1SO,
International Organization for Standardization; MP, measurement
procedure; #, standard uncertainty; #maxcs, combined standard un-
certainty for the clinical sample; MU, measurement uncertainty; 4,
coverage factor (for expanded uncertainty); #maxyc, maximum allow-
able # from noncommutability ; MANCB, maximum allowable non-
commutability bias; TOST, two one-sided #test.
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