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A measurement procedure is linear throughout a given interval when, in that interval, the measured results “on average”
(ie, abstracting from imprecision) are proportional to the measurand’s true quantity values, meaning that the measurand
results agree with the true values up to a constant multiplicative factor:

Measured value = k(True value) (k >0)

This characterization of linearity applies not only to measurement pro
(eg, nmol/L, ng/dL, ulu/mL), but also to those reporting enzyme agiffi ity, this guideline
a continuous scale, such
as tests measuring specific patient (auto)antibodies, cannot be expect® i gl ior for all patient samples.
i ical chemistry as applied
to conventional linearity-under-dilution studies. The

combining a high-concentration sample with a mea

Pa spectrum of mixtures by
erating and averaging replicate

measurement results for each mixture, and pected from the high
sample proportion (ie, relative volume) re d when, analytically and/or
graphically, the paired values (ie, obserye ts) all closely approximate a straight-line trajectory passing

ty (ie, within-run imprecision) exhibited in the experiment. Unfortunately, this
ement procedures with excellent repeatability at risk of inappropriately failing. Conversely, it
earity in measurement procedures with very poor repeatability.

, the second edition, EP06-P2, published in December 2001, and the first approved guideline,

ata, judging the measurement procedure to be linear if, by internal statistical criteria, the first-order
fitis best. In effect, EPO6-A asked whether the trajectory of experimental results had a shape more closely resembling
a straight line rather than a parabolic or sigmoidal curve. Unfortunately, this method placed no restriction on the
trajectory’s orientation. EP06-A, unlike major publications cited therein, was not sufficiently clear that, with suitable
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allowance for random error, the trajectory should be aligned with the origin. (Intuitively, for example, a measurement
procedure exhibiting little or no decrease in measured results under progressive dilutions, such as so-called “analog”
procedures for free thyroxine, is not considered linear even when the trajectory of results approximates a straight-line
segment.)

This edition of EPO6 builds on the previous editions, introducing several important refinements, including:

+ The discussion of dilution schemes, designed to minimize errors in preparing the test panels, has been extend
There is no longer any suggestion that samples need to be equally spaced. This guideline encourages jug
interpolation of additional mixtures to improve coverage of concentration gaps between calibrators,
concentrations important for decision-making or monitoring.

- Like EPO6-A, this edition emphasizes that suitable visualizations of the study data are
are provided.

more relevant to clinical practice and more informative as to the location,
deviations from linearity.

- Chapter 3 is devoted to validating linearity (intended for manufacturers 3 er 4 covers
verifying (ie, spot-checking) linearity (intended for end-user laboratories).

+ Two study designs are discussed: one study design include is known to exceed
the procedure’s analytical measuring interval) and a mea . dy design includes high
and low samples with known concentrations or a kn erve different purposes,
have different limitations, and use somewhat di

+ Computationally, this edition’s approach is sim fitting second- and
third-order polynomials is no longer inclu idati linearity (although developers might find
such analysis informative). Conversely, weigh lysis is recommended under appropriate

+ The importance of stating

R CLSI consensus process and does not necessarily reflect the views

Measurement error Weighted linear regression

Proportionality
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Introduction

This chapter includes:

Guideline’s scope and applicable - Terminology inforri n, inclu

exclusions
— Terms and definitions din the

Background information pertinent to the guideli

guideline’s content L :
— Abhreviations and acronyms used in

Standard precautions information th deline
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© Introduction

1.1 Scope

This guideline provides recommendations for designing, analyzing, and interpreting linearity studig

calibration points, although the experimental design and data analysis
during that phase.

bias, etc.

1.2 Background

EPO6 is one of the CLSI method evaluation wental evaluation

of quantitative measurement proced cribe studies covering, eg, precision (see CLSI
documents EPO5" and EP152), measure and bias (see CLSI document EP09®), recovery
(see CLSI document EP152), and limits of g ment EP17). EPO6 is devoted to linearity
studies.

The recommendations j [ I n whether the study is intended to validate a
measurement proced ineari i nd also on whether fully commutable, measurand-free

material is available ft

ctessitate a smaller, less rigorous study than would be required
purposes. For example, compared with validation, verification

egment of the measurement procedure’s stated analytical measuring
are constraints, end users might not be able to generate explicit numerical
centrations beyond the upper and/or lower limits of the procedure’s analytical

ent procedures for a given measurand that differ in their stated analytical measuring
interva rty providers of samples for linearity (or calibration) verification studies sometimes restrict
the samples’ concentration span for that measurand to an interval deemed medically essential for any such

procedure.

© © ¢ 0 0 0000000000000 00000000000 0000000000 0000000000000 000000000000 000000000000 000 0000 0
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The linearity of the measurement procedure can be only demonstrated for a given

interval [LLLI, ULLI] with a calculated deviation from linearity.

2.5 Linearity vs Modeling of the Calibration Relationship

A measurement procedure’s linearity refers to the proportional relationship between the repg

In a measurement procedure with a linear calibration relat’s = = » ere Aand B are parameters
ionships can result in
Pvith a nonlinear calibration

0 a sample with a high measurand level, “sample
d, and “sample LOW” refers to a sample with a low (but nonzero)

vays to check linearity is to conduct an experiment using samples for which the

n true measurand values is known by formulation (eg, linearity study samples are prepared by
IGH with sample Blank in known proportions). The values of sample HIGH and sample Blank
be known by measuring them with a reference measurement procedure:

ment procedure’s bias does not exist (or is not easily available), linearity interval evaluation for
easurement procedure is especially important, because it evaluates how well the measurement
procedure is calibrated with the measurement procedure calibrators. The results could identify certain
types of commutability issues between patient samples and the measurement procedure calibrators. The
linearity study does not provide information about trueness of the measurement procedure. However, it does

© © ¢ 0 0 0000000000000 00000000000 0000000000 0000000000000 000000000000 000000000000 000 0000 0
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3.6.2.2 Precision Profile

For preliminary evaluation of whether the repeatability in the linearity study is acceptable and for determination
of the weights to be used in the linear regression, the precision profile from the linearity study is determined
and compared for consistency with the precision profile from the precision studies specified in CLSI document
EPO5.* See Subchapter 3.6.3 for an example of preliminary evaluation of repeatability and Subchapter 3.6.4.2 for
information on WLS linear regression.

The linearity data might need to be divided into subintervals for analysis, depending on the number,

tfor each
pfile asg

- Four or more replicates: In general, each level S; should be measured with at least four replic
sample level, when possible. Four or more replicates are sufficient to deter
(and SD) vs measured concentration (ie, mean values of R replicates).

3.6.3 Example1

For example 1, when a subinterval has three levels w
Ry, and R3 replicates, the pooled variance is:

(30)

ce such as within-run, between-run, and between-day can be extracted from the
ce components might not all be present in the linearity study. For example, when
inall M « R measurements, the limits of imprecision are based on the repeatability
nt. When the M « R measurements are obtained from different runs, the limits of

on within-run and between-run components.

only one run is used
(ie, witia-run)

The precision profile of the pooled SD in the linearity study is visually compared for consistency with the precision
profile from the precision studies specified in CLSI documents EPO5* and EP17.* When the precision profile in the
linearity study is not consistent with the precision profile from the precision studies, the inconsistency should be
investigated (see CLSI document EPO5Y).

© © ¢ 0 0 0000000000000 00000000000 0000000000 0000000000000 000000000000 000000000000 000 0000 0
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Appendix C. (Continued)

1.4375V 14375V
0.9375V. €0.9375V 0.9375VF
0.875 v»?«o.ws v 0.875 V-
0.75 v—»ﬂ«ws v

0.5V 0.5V
N

Symbols: C, concentration; V, volume.
Figure C5. Flow Chart for Preparing 11 Concentration Lev
Symmetrically Decreasing From the Middle as Series 8

concentrations C1 and Cs3 are 5.5 V each.

The mixing schemes in Figures C2 to C5 enab i ings near the
expected limits of the linearity interval ¢ i he 17-level

scheme and 3.125% for the 33-level s he interval. In
some cases, tightening the claimed i e extreme helps
meet the acceptance criteria wi i data, while sacrificing little in terms of

the width of the interval. Othe oncentration spacings can be
achieved using the equal-volume

are more than five g ] ixing schemes lose the advantage of smaller
ixi me described in section C2.2

Ci can be obtained by mixing f; proportion of concentration
portion of concentration Cy (high), the total number of levels being N:

(C11)

f; —_N i (C12)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Appendix G. An Example of a Linearity Study With Two Replicates

Abbreviations for Appendix G

% deviation deviation from linearity expressed as a percentage

ADL allowable deviation from linearity
LLoD lower limit of detection

SD standard deviation

WLS weighted least squares

Symbols for Appendix G

A slope

E expected value

w weight

Y measured value for panel member

The proposed linearity interval is 55 to 500 U/
(ADL) is £10%. Ten samples are prepared by g
with sample Blank, which has a value of zero
twice, and all 20 replicates are obtainegsi

Table G1. Linearity Study Results

Dilution RC Replicate1 "= icate2 » red Value (mean) |

1 1 5.657 1.07

2 0.9 18.880 | 3.80

3 0.8 20.365 | 4.36

4 0.7 11.243 | 2.87

5 0.6 4.879 1.40

6 0.5 6.293 2.16

0.4 5.586 2.41

0.3 0.354 0.18

9 0.2 1.838 1.61

| 10 0.1 0.354 | 0.73
Abbreviatio On expressed as a percentage; RC, relative concentration; SD, standard

deviati
1 presents idual replicates vs mean measured value. A visual assessment of the
a shows no app outliers.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Related CLSI Reference Materials?
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EPO5 Evaluation of Precision of Quantitative Measurement Procedures. 3rd ed., 2014. This document
provides guidance for evaluating the precision performance of quantitative measurement procedures. It
is intended for manufacturers of quantitative measurement procedures and for laboratories that develop
or modify such procedures.

EPO7 Interference Testing in Clinical Chemistry. 3rd ed., 2018. This guideline provj

EPO9 Measurement Procedure Comparison and Bias Estimation Usi
This guideline covers the design of measurement procedure compariso
samples and subsequent data analysis techniques used to determine the

EP15 User Verification of Precision and Estimation o 3rd ed., 2012
estimation of imprecision and of bias for clinical 1aB quantitative

t describes the
rement procedures using

EP17 Evaluation of Detection Capability, ent Procedures. 2nd ed.,
2012. This document provides guida ation of the detection capability
of clinical laboratory measure ie, li : AN, and quantitation), for

EP34 Establishing and Veri
e ecessary to provide results for specimens with
easuring interval of an in vitro diagnostic measurement procedure.

ers From Occupationally Acquired Infections. 4th ed., 2014. Based
ent provides guidance on the risk of transmission of infectious agents by

2 CLSI documents are continually reviewed and revised through the CLSI consensus process; therefore, readers should refer to the most
current editions.
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