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ARTICLE INFO ABSTRACT

Keywords: Background: Laboratory test results are crucial for clinical decisions, yet inconsistencies arise when measurements

Laboratory medicine are not harmonized due to the lack of suitable higher-order references. This study introduces an approach to

?armsnlzatlf’n improve result comparability across different measurement systems, applicable until full metrological harmo-
ransformation

nization of the measurand is achieved.

Methods: A linear transformation formula was developed, utilizing the 2.5th and 97.5th percentiles of data from
source and target methods, to adjust source method results. The feasibility of this formula was tested using
carbohydrate antigen 125 (CA 125) data from two commercial assays provided by Roche Diagnostics and Abbott
Diagnostics. Method comparison statistics, including difference plots and Passing-Bablok regression, were used to
evaluate the transformation’s effectiveness before and after adjustment. A web application, “Result Trans-
former,” was developed to facilitate the application of the transformation process.

Results: Prior to transformation, the median relative difference between the Roche and Abbott CA 125 assays was
37.7% (95% CI: 34.5-40.8%), exceeding acceptable bias. Passing-Bablok regression yielded a slope of 1.450
(95% CI: 1.400-1.485) and an intercept of —0.83 kU/L (95% CI: —1.50 to —0.29). After adjustment using the
proposed approach, the median relative difference decreased to 6.0% (95% CI: 4.3-7.7%), falling within the
desirable acceptable bias goal. The slope and intercept of the regression equation improved to 1.075 (95% CI:
1.039-1.102) and —0.12 kU/L (95% CI: —0.71 to 0.19), respectively.

Conclusion: The proposed transformation method effectively improved the comparability of results from different
assays, permitting a more consistent test result interpretation during patient follow-up.

Method comparison
Result adjustment formula

1. Introduction

Laboratory results are indispensable tools in clinical decision-
making, providing critical information for diagnosis, treatment, and
patient monitoring[1,2]. Their interpretation often relies on comparison
to reference intervals, clinical decision limits[3], or previous results[4].

The application of universal clinical decision limits, i.e., thresholds

associated with significantly increased risk of adverse outcome or
diagnostic criteria for specific diseases[5], necessitates harmonized re-
sults for reliable application[6]. This is because nonequivalent results
from different measurement systems can compromise the consistency of
clinical decisions based on a single common limit. Similarly, the use of
common reference intervals is contingent upon equivalent results from
different measurement systems[7].

* Corresponding author at: General Directorate of Health Services, Rare Diseases Department, Turkish Ministry of Health, Bilkent Yerleskesi, 6001 Cadde, Uni-

versiteler Mahallesi 06800, Cankaya, Ankara, Turkey.
E-mail address: hikmetcancubukcu@gmail.com (H.C. Gubukcu).

https://doi.org/10.1016/j.cca.2025.120355

Received 30 April 2025; Received in revised form 8 May 2025; Accepted 8 May 2025

Available online 15 May 2025

0009-8981/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


mailto:hikmetcancubukcu@gmail.com
www.sciencedirect.com/science/journal/00098981
https://www.elsevier.com/locate/cca
https://doi.org/10.1016/j.cca.2025.120355
https://doi.org/10.1016/j.cca.2025.120355
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cca.2025.120355&domain=pdf

H.C. Gubukgu et al.

Standardization and harmonization are critical in laboratory medi-
cine to achieve comparable test results across measurement systems.
However, both rely on calibration traceability to higher-order references
(methods or materials), which are often still unavailable. Consequently,
many measurands remain unharmonized, exhibiting non-equivalent
results across measurement systems. As an example, a recent article
has confirmed inadequate harmonization of some tumor marker mea-
surements, such as those of Carbohydrate Antigen (CA) 125, CA 15-3,
and CA 19-9, highlighting significant bias between different measure-
ment methods[8].

CA 125 is the recommended biomarker for the evaluation and
management of epithelial ovarian cancer (EOC)[9]. However, mea-
surement procedure-based differences hinder the proper utility of CA
125. These differences in CA 125 assays stem from various factors,
including the use of different antibodies, calibration procedures, and
assay designs[10]. As a result, as for other non-harmonized measurands,
using the same measurement system is the only recommended solution
for monitoring biomarker results in the same patient[11]. However,
patients should be enabled to receive interchangeable and comparable
laboratory results across different providers and locations, eliminating
the need to rely on a single laboratory, as a patient-centered approach
prioritizes consistency regardless of geographical or logistical con-
straints[12].

While harmonization of measurement procedures remains the ulti-
mate goal, current non-comparability necessitates interim but immedi-
ate solutions. The use of the International Normalized Ratio (INR) is a
longstanding example in laboratory medicine of mitigating the non-
comparability of results from different measurement systems through
transformation, aiming to reduce variability in prothrombin time results
[13].

This study proposes a transformation method applicable to wide
range of measurands to obtain comparability across different measure-
ment procedures for non-harmonized measurands, facilitating their use
in patient result monitoring and clinical decision-making.

To this end, we developed a transformation approach that accounts
for the linear relationship between methods and their respective per-
centiles derived from the data distribution of measurements from each
method. The feasibility of this approach was demonstrated using CA 125
as a model measurand.

2. Materials and methods
2.1. Development of the formula

The development of the proposed transformation formula relied on
some key premises: a linear relationship between two distinct methods
(source and target), the presence of significant bias between these
methods, and their intended use on similar patient populations.

The “source method” was identified as the measurement procedure
whose results necessitated adjustment to facilitate comparison or
consistent monitoring alongside results from the target method.
Conversely, the “target method” served as the reference to which the
source method results were adjusted to ensure consistency in inter-
method comparison. Notably, the term “target” did not denote superi-
ority but rather indicated the method whose reference intervals or result
scale was used as the basis for consistent monitoring. For example, if a
patient’s previous CA 125 result was obtained using Method A and her
current result using Method B, and these methods yield non-equivalent
results, a transformation can be applied. In this scenario, we may choose
Method A as the target and then convert the results from Method B (the
source) to align with Method A’s scale. Designations are arbitrary; the
roles of ’target’ and ‘source’ could be reversed without affecting the
principle of the transformation.

The formula’s objective was to transform the source method’s results
to achieve enough comparability with those of the target method,
thereby ensuring consistent interpretation in result monitoring and
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clinical decision-making. This transformation formula employed a linear
approach to account for both constant and proportional bias, utilizing
the 2.5th and 97.5th percentiles of the population data distributions
obtained using the target and source methods.

The formula is based on two assumptions:

I. Linear Relationship: A linear relationship exists between the results
of the target and source methods, allowing one method’s results to be
transformed into the other using a linear equation. This relationship
can be confirmed either indirectly through existing literature or
directly via a method comparison study.

II. Similar Distribution of Population Data Across Methods:
Although the 2.5th and 97.5th percentiles may differ between
methods, the underlying population data for the measurand exhibit a
similar shape of distribution. The similarity can be shown statisti-
cally (Kolmogorov-Smirnov test, etc.). This similarity ensures that a
linear adjustment based on these percentiles can effectively align the
source method’s data with that of the target method.

The linear relationship between source and target methods was
represented by the following equation:

AdjustedResult(Equivalanttotargetmethodresult) = a + b x Resultypyree (1)
Where a and b were the constant bias (intercept) and the proportional
bias (slope), respectively. Resultsoyrce Standed for source method result.

Equation (1) was applied to the 2.5th and 97.5th percentiles of the

same population data of concern for each method.
At the lower percentile (2.5th percentile):

Ltarget =a+bx Lsource (2)

At the upper percentile (97.5th percentile):
Uta]get =a+bx Usource (3)

Where:

® Liarger: Lower percentile (2.5th percentile) of the data from target
method

® Utarger: Upper percentile (97.5th percentile) of the data from target
method

e Lource: Lower percentile (2.5th percentile) of the data from source
method

e Ugource: Upper percentile (97.5th percentile) of the data from source
method

Step 1: Calculation of the proportional bias (b).
The equation (2) was subtracted from the equation (3):

U target — Lmrget = b X (Usource - Lsource) (4)
b was isolated on the left side of the equation:

b= Umrget - Ltarget (5)

Uxource - Lsource

Step 2: Calculation of the constant bias (a).
The equation (2) was rearranged to isolate a on the left side:

a= Lmrget —bx Liource (6)

Step 3: Transformation of equation (1):
a) Adding constant bias formula (Equation (4)) to Equation (1):

Adjusted Result = (Lyarger — b X Lyource) +b X Resultsource 2]
b) Group the terms involving b:
AdjustedResult = Ltﬂrge[ +b x (Resuztsource - Lsource) (8)

c) Adding proportional bias formula (Equation (5)) to Equation (8) to
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achieve the final formula

U, —L
AdjustedResult = Lygger + 8% 8% o (Resultsource — Lsource) 9

Usaurce _Lsou_rce

2.2. Demonstration of the use of the adjustment formula

To demonstrate the efficacy of the adjustment formula, a two-stage
evaluation was performed (Fig. 1). First, we conducted a simulation
study to showcase the transformation method’s applicability in sce-
narios involving varying measurement methods on the same patient
population. Second, a real-world method comparison study was under-
taken to demonstrate the formula’s use across two different laboratories
serving two diverse patient populations.

2.2.1. Proof-of-concept simulation study

This simulation aims to replicate the common scenario of different
measurement methods yielding non-comparable data for the same pa-
tient population, to test the transformation formula when a linear
relationship exists between hypothetical methods. The simulation study
utilized a large dataset of serum CA 125 measurements from Istanbul
Cam Sakura City Hospital (n = 19,096), obtained with the Roche Cobas
€801 electrochemiluminescence immunoassay, as the target method. To
simulate biased source methods, both negatively and positively biased
results were generated using specific formulas, incorporating a 5 %
standard measurement uncertainty, which is below minimum analytical
performance specification for relative standard measurement uncer-
tainty (6.5 %). Subsequently, the 2.5th and 97.5th percentiles were
calculated for distribution of all datasets, and the simulated biased re-
sults were transformed using an adjustment formula to align with the
target method. Finally, 120 paired samples were randomly selected from
both the target and simulated datasets for method comparison analysis,
as detailed in the following sections.

2.2.1.1. Simulation data. Two sets of source method results were

Simulation study

Retrospective target
method (Roche)
data of CA 125
(n =19,096)

Simulated source
method
CA 125 results with
positive bias
(n =19,096)

Simulated source

CA 125 results with
negative bias
(n = 19,096)

2.5th and 97.5th
percentiles of the
simulated source
method data

2.5th and 97.5th
iles of the

target method data

2.5th and 97.5th
percentiles of the
simulated source
method data

i,
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simulated to exemplify methods with negative and positive biases. The
following formulas were used to generate the biased source method
results:

Resultnegarivebias = 0.80 X Resultyqrges — 0.5
Resultyosicivebias = 1.20 X Resultgrge: + 10
Where:

o Resultyarger: Target method result
o Resultpegative bias: Negatively biased source method result
o Resultpositive bias: Positively biased source method result

To take into account the method standard measurement uncertainty,
a 5 % relative variation was applied to both positively and negatively
biased source method results, resulting in the final source method re-
sults, as previously reported[14]:

ResultMU+negativebiu.s = Resultnegativebiusx [1 + Tl(O, l)xurel}

ResultMU.‘r itivebias = Resulrr i obi y[]_ +n(0, 1)xurel]

Where:

Resultyy negative bias: Negatively biased result with measurement
uncertainty.

Resultyypositive bias: Positively biased result with measurement
uncertainty.

e n(0,1): A random number generated with a normal distribution
having a mean of 0 and a standard deviation of 1.

Urel: Relative standard measurement uncertainty assigned as 5 % (in
the formula, expressed as fraction as 0.05)

2.2.1.2. Determination of the 2.5th and 97.5th percentiles. The 2.5th and
97.5th percentiles were calculated from the distribution of the original

Method comparison study

—
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method (Roche)
data of CA 125
(n = 19,096)

Retrospective source
method (Abbott)

data of CA 125
(n =38,151)

2.5th and 97.5th
percentiles of the
target method data

25th and 97.5th
percentiles of the
source method data

N
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from simulated source
method data
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(n=120)
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Result transformation

L

Adjusted source
method results (with
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Fig. 1. Study design for transformation method evaluation.
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population data, as well as for the simulated positively and negatively
biased source method results.

2.2.1.3. Transformation of biased results using adjustment formula. The
simulated positively and negatively biased source method results were
transformed to align with the target method results using the adjustment
formula (Equation (9)). This transformation was performed using the
2.5th and 97.5th percentiles of both the target and source methods.

2.2.1.4. Sampling from population and simulation data sets. A set of 120
paired results was randomly selected from the target and simulated
source method datasets. The sampling was stratified based on the target
method results: 60 results were selected with target method values at or
below 35 kU/L (i.e., the upper reference limit for the Roche CA 125 II
assay) and 60 results were selected with target method values between
35 kU/L and 1,000 kU/L. These paired samples were then used for
method comparison analysis (Fig. 1).

2.2.2. Real-world method comparison study

The real-world method comparison study was conducted to evaluate
the use of the formula across two laboratories measuring their patient
populations by different non-harmonized assays for CA 125. The study
was based on the presumption of a linear relationship between the re-
sults of these different CA 125 measurement methods, as supported by
previous research[10,15].

Two datasets from laboratories from different cities using different
measurement methods (one designated as the target and the other as the
source for demonstration purpose) were obtained. We then confirmed
that the two distributions exhibit similar patterns statistically.

The 2.5th and 97.5th percentiles were calculated for each original
dataset, and these were used for result transformation. After trans-
formation, 134 fresh serum samples were analyzed for CA 125 using
both target and source methods. Using Roche assay, the biomarker
concentrations ranged between 2.8 and 472 kU/L. The previously
determined percentiles were then used to transform the source method
CA 125 results. Finally, method comparison statistics were applied to
assess the results of the transformation approach, comparing the target
method results to both the original source method results and the
transformed source method results.

2.2.2.1. CA 125 measurement methods and the study data. For the
demonstration of the transformation method, the Roche electro-
chemiluminescence immunoassay for CA 125 measurement (Elecsys CA
125 II assay) was selected as the target method, while the Abbott
chemiluminescent microparticle immunoassay for CA 125 measurement
(Architect CA 125 II assay) was designated as the source method.

While both assays leverage OC125 and M11 antibodies, they differ in
their format and detection principles. The Abbott assay uses OC125 as
the capture antibody, while the Roche assay uses M11 as the capture
antibody. The Abbott assay uses chemiluminescence for detection, while
the Roche assay uses electrochemiluminescence.

The Abbott Architect CA 125 II assay calibrators are referenced,
through an intermediate step of value transfer by Abbott AxSYM
measuring system, to the Fujirebio Diagnostic standard OC 125, with a
stock antigen solution value assigned using the Fujirebio CA 125 II
radioimmunoassay (RIA). The Roche Elecsys CA 125 II assay is stan-
dardized against the Enzymun-Test CA 125 II method, which itself is
standardized against the Fujirebio Diagnostics CA 125 II RIA. Therefore,
although both manufacturers state to use the same higher-order material
at the top of the traceability chain, there are some aspects that can blame
the unsatisfactory harmonization between the two assays. Recent papers
have reported examples showing that referring the IVD-MD calibration
to the same metrologically higher-order references does not automati-
cally lead to equivalence of results by different IVD-MDs[16,17]. The
metrology approach theoretically allows for multiple traceability

Clinica Chimica Acta 575 (2025) 120355

schemes and leaves it up to the IVD manufacturer to develop and vali-
date the calibration scheme. Since there is no coordination among
different IVD manufacturers, they use different internal standardization
procedures (meaning traceability paths) in which each step of the cali-
bration hierarchy should be governed to obtain final unbiased results on
clinical samples. In the case of CA 125 assays employed in this study, the
assigned values for the two commercial calibrators, although both
derived from “metrologically legitimate” traceability chains, produce
nonequivalent results as probably in some steps of the traceability
implementation some important source of bias has not been removed.
Information sharing of employed practices would be very helpful to
understand the correctness of the traceability implementation. Howev-
er, exhaustive information on how IVD manufacturers have procedur-
ally implemented the calibrator traceability to the selected higher-order
reference is lacking.

Study data were collected from two laboratories located in different
cities in Tiirkiye (Istanbul and Van), using these two CA 125 measure-
ment methods. CA 125 serum data obtained using the target method (n
= 19,096) were sourced from Istanbul Cam Sakura City Hospital, where
the Roche Cobas 8000 e801 immunoassay module was used. Meanwhile,
CA 125 serum data for the source method (n = 38,151) were collected
from Van Yiiziincii Y1l University Hospital, utilizing the Abbott Architect
i4000SR immunoassay analyzer.

Both laboratories perform daily internal quality control to check the
system alignment using PreciControl Tumor Marker for Roche assay and
Technopath Multichem IA Plus for Abbott assay, at two and three con-
centration levels, respectively. Over the past three months, Cam Sakura
City Hospital (Roche) reported a CV of 4.03 % (at 28.2 kU/L) and 3.63 %
(at 85.8 kU/L), while Van Yiiziincii Y1l University Hospital (Abbott)
reported CVs of 1.94 % (at 22.3 kU/L), 2.77 % (at 40.1 kU/L), and 2.27
% (at 70.2 kU/L), respectively. Both laboratories participate in monthly
external quality assessment (EQA) programs for CA 125. All EQA results
covering the period of patient laboratory result collection were within
the permissible limits of the EQA programs.

2.2.2.2. Assessing distributional similarity across data sets. The two data
sets exhibited comparable histogram distribution patterns (see Supple-
mentary Material). To further assess the similarity in distribution
shapes, we randomly sampled 2,000 results from each dataset and
rescaled them using the formula ((result —median)/interquartilerange)
which aligns each dataset on a common scale—centering the median at
zero and setting the interquartile range to one—while preserving the
original shape of the distributions. Finally, we confirmed that the two
distributions of rescaled data sets were similar by performing a Kol-
mogorov-Smirnov test, considering p value higher than 0.05 insignifi-
cant (Kolmogorov-Smirnov statistic: 0.03, p-value = 0.43).

2.2.2.3. Determination of the 2.5th and 97.5th percentiles. The 2.5th and
97.5th percentiles were calculated for both original target (Roche) and
source (Abbott) method data.

2.2.2.4. Transformation of source method results using percentiles. After
obtaining percentiles for transformation, 134 fresh serum samples were
analyzed for CA 125 using both target (Roche Elecsys CA 125 II assay)
and source (Abbott Architect CA 125 II assay) methods. Samples were
selected based on the following criteria: women aged between 18 and
90 years, CA 125 concentrations from 2 kU/L (i.e., the limit of quanti-
fication for the Roche assay) to 1,000 kU/L (i.e., the Architect dilution
threshold), and absence of significant hemolysis, icterus, and lipemia.

The source method results were transformed to align with the target
method results using the adjustment formula (Equation (9)). This
transformation was performed using both the 2.5th and 97.5th percen-
tiles of the target and source methods. Finally, method comparison
analysis was performed to evaluate the performance of the trans-
formation formula.
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2.2.3. Evaluation of conformance between target and source method results

Method comparison was performed using difference plots and
Passing-Bablok regression analysis both prior to and following the
adjustment of source method results. In the simulation study, the target
method served as the comparative method across all analyses, while the
simulated biased results (Resultyy  negative biass ReSultyu positive bias) and
their adjusted counterparts were considered candidate method results.
In the real-world method comparison study, the target method results
(Resultiarger) were consistently used as the comparative method. The
source method results (Resultgsoyce) and their adjusted values were
designated as candidate method results.

The Passing-Bablok regression plots and difference plots were
generated using Pandas version 1.3.5[18]and NumPy version 1.21.2
[19]and Plotly version 5.15.0[20]through the VerifyMyLab software
[21]. As analytical performance specifications for bias between CA 125
assays, +10.1 % (minimum quality level) and + 6.7 % (desirable quality
level) were employed[22]. In difference plots, the minimum acceptable
bias was depicted to evaluate assay conformance. For the Passing-
Bablok regression analysis, clinical equivalence was deemed accept-
able if the 95 % confidence interval (CI) of the intercept included 0, and
the slope fell within the relative acceptable bias range of 10.1 % (cor-
responding to slope values between 0.899 and 1.101).

2.2.4. Development of the web application

A web application, “Result Transformer,” was developed to stream-
line the transformation and calculation process for future applications.
The application was built using Python 3.12[23]), Pandas 2.2.3[18];
NumPy 2.2.3[19]; Plotly 6.0.0[20], and Streamlit 1.29.0[24], with
Microsoft Visual Studio Code version 1.77.3 as the development envi-
ronment. Both the source code and the application’s URL are publicly
available on GitHub at https://github.com/hikmetc/result_transformer.
The web application itself is freely accessible at https://resulttransforme
r.streamlit.app.

3. Results
3.1. Simulation study

The original population data had 2.5th and 97.5th percentiles of
4.1-263.6 kU/L. For the positively biased source method results

(Resultyy.ypositive bias), the percentiles were found to be 14.7-329.7 kU/
L, while the negatively biased source method results (Resultyy. negative

Table 1
Method comparison results for CA 125.
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bias) €xhibited percentiles of 2.8-212.7 kU/L.
For the positively biased source method results, the adjustment for-
mula with percentiles was applied as follows:

263.6—4.1

AdjustedResult = 4.1 + 00— ——7— X (

Resultmu+positivebias - 14'7) (9)

For the negatively biased source method results, the adjustment formula
with percentiles was applied as follows:

. 263.6—4.1
AdjustedResult = 4.1 + 315798 < (Resultyy: posicvebias — 2.76) 9

Due to the non-parametric distribution of data, as confirmed by the
Kolmogorov-Smirnov test, the median relative difference was used as
the difference plot metric. Both simulated positive (y = 1.2x + 10) and
negative (y = 0.8x — 0.5) biased source methods showed significant
deviations from the target method, failing acceptability criteria for
median relative difference, slope, and intercept (Table 1).

The relative difference plots (Figs. 2A and 3A) and regression ana-
lyses (Fig. 2C and Fig. 3C) illustrate these deviations. Following
adjustment, both the simulated positive and negative biased source
methods met acceptability criteria at the desirable quality level
(Table 1), as shown in the difference plots (Figs. 2B and 3B) and the
Passing-Bablok regression analyses (Figs. 2D and 3D).

3.2. Real-world method comparison study

For the target method, the 2.5th and 97.5th percentiles were deter-
mined to be 4.1 kU/L and 263.6 kU/L, respectively. For the source
method, the corresponding percentiles were 5.0 kU/L and 354.4 kU/L.

The percentile-based transformation was applied as follows:

263.6—4.1

AdjustedSourceMethodResult = 4.1 + 354450

x (Resultsoyrce — 5.0)

In the real-world comparison of Roche (target) and Abbott (source) CA
125 methods, the unadjusted Abbott method exhibited significant bias
(Table 1), with a 37.7 % median relative difference (Fig. 4A) and a slope
of 1.450 (Fig. 4C). After adjustment, the Abbott CA 125 method
demonstrated acceptable equivalence, with a 6.0 % median relative
difference, meeting the acceptability criteria at the desirable quality
level (Fig. 4B). The adjusted method also achieved a slope of 1.075,
meeting the minimum quality level criteria, and an intercept of —0.12

Difference plot

Passing-Bablok regression Clinical Equivalence Acceptability*

equation
N Median relative difference Slope (95 % CI)  Intercept, kU/ Relative Slope Intercept
(95 % CI) L difference
(95 % CI)
Simulation study
Target method vs. simulated positive biased method (y 120  50.3 % (40.1, 60.5) 1.184 (1.165, 10.0 (9.7,10.4) No No No
=1.2x + 10) 1.209)
Target method vs. adjusted simulated positive biased 120 —0.6 % (—1.4, —0.3) 0.975 (0.959, 0.3 (0.0, 0.5) Yes Yes Yes
method (y = 1.2x + 10) 0.996)
Target method vs. simulated negative biased method (y 120 -23.8 % (—24.6, -23.0) 0.789 (0.778, —0.4 (0.6, No No No
=0.8x — 0.5) 0.804) -0.3)
Target method vs. adjusted simulated negative biased 120 -1.1 % (-1.6, —0.5) 0.976 (0.962, 0.1 (-0.1,0.3) Yes Yes Yes
method (y = 0.8x — 0.5) 0.994)
Real-world method comparison study
Target method (Roche) vs. source method (Abbott) 134 37.7 % (34.5-40.8) 1.450 (1.400, —-0.8 (-1.5, No No No
1.485) -0.3)
Target method (Roche) vs. adjusted source method 134 6.0 % (4.3, 7.7) 1.075 (1.039, —0.1 (-0.7, Yes Yes** Yes
(Abbott) 1.102) 0.2)

*Defined as: median relative difference within & 10.1 % for the minimum quality level and within + 6.7 % for the desirable quality level; slope between 0.889 and
1.101 (corresponding to + 10.1 % proportional bias) for the minimum quality level, and between 0.933 and 1.067 (corresponding to + 6.7 % proportional bias) for the

desirable quality level; confidence interval of the intercept including zero.
** At minimum quality level.
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kU/L, with a confidence interval including zero (Fig. 4D).

4. Discussion

In laboratory medicine, achieving equivalent results from different
measurement systems can theoretically be attained through standardi-
zation and harmonization procedures. However, for many analytes,
standardization remains challenging due to factors such as the hetero-
geneity of complex molecules[25]and the lack of higher-order reference
materials and procedures[26]. Even when reference materials are
available, their non-commutability with patient samples can lead to
inaccurate results when used for calibration[27]. In such cases, correc-
tive actions, such as developing correction factors and protocols, are
necessary to reduce non-commutability bias[28].

When standardization to SI (International System of Units) is not
possible, harmonization can be employed to achieve agreement between
measurement procedures. This involves using the results of a single
measurement procedure or the trimmed mean of multiple procedures to
establish consensus values for a set of commutable materials[26,29].
Subsequent recalibration using various statistical approaches is then
applied to harmonize the results[29,30].

Despite ongoing harmonization efforts, many measurands are still
non-harmonized, and even for those that have been theoretically
harmonized, non-equivalent results are often observed across different
measurement systems[16,17,31]. Clinicians must be aware of these
limitations and interpret results cautiously while considering the spe-
cific assay used.

First-generation CA 125 assays utilized the OC125 monoclonal
antibody to detect the respective antigen. To improve sensitivity and
specificity, second-generation assays introduced a double-determinant
monoclonal antibody targeting the OC125 and M11 antigenic domains
[32]. Although studies have demonstrated a linear relationship between

methods[10,15], CA 125 assays still exhibit a significant inter-method
bias[32].

In this study, we compared two second-generation CA 125 assays
that employ different measurement principles, but are created traceable
to the same higher-order reference. The Roche electrochemiluminescent
immunoassay utilizes M11 as the capture antibody, whereas the Abbott
chemiluminescent microparticle immunoassay uses OC125 as the cap-
ture antibody. These differences in measurement principles and some
issues in the implementation of the calibration traceability likely
contribute to discrepancies between the two methods, as evidenced by a
median relative difference of 37.7 %. However, the commonality in their
assay format likely contributes to the strong linearity between results,
enabling effective transformation.

According to CLSI EP09c and EP28 guidelines, when a candidate
measurement procedure produces non-quivalent results compared to a
comparative method, separate reference intervals should be established
for the candidate method[33,34]. Non-equivalent results are commonly
observed for measurands that are neither harmonized nor standardized.
In such cases, distinct reference intervals must be determined for each
measurement procedure rather than relying on a common reference
interval. For example, given the lack of result comparability mentioned
above, CA 125 reference intervals vary depending on the specific assay
used. The 97.5th percentile upper reference limits, determined using the
same cohort of healthy women, have been reported to range from 22
kU/L to 45 kU/L[32]. Similarly, in our study, in addition to the non-
comparable CA 125 results observed between Roche and Abbott CA
125 assays, we identified different 97.5th percentile upper reference
limits using RefineR: 36.5 kU/L for the Roche assay and 42.8 kU/L for
the Abbott assay (data not shown). Our findings highlighted the need for
harmonization efforts for CA 125 to reduce variability across assays to
support the effective use of common reference intervals and decision
levels, and ensure consistent interpretation of results across different
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measurement systems[8].

Although recalibration or other harmonization efforts remain the
definitive solutions, such endeavors are often reliant on stakeholder
engagement and the availability of commutable reference materials. In
practical settings where harmonization is difficult and slow to be
implemented, the transformation formula we presented in this study
may offer an interim, patient-centered approach that can be readily
deployed to immediately improve the clinical utility of non-harmonized
measurands, such as CA 125 and other tumor markers[8]. Our approach
takes inspiration from the well-established INR system, which has suc-
cessfully harmonized prothrombin time measurements for patients un-
dergoing vitamin K antagonist treatment [13]. Our proposed method
can be applied to a broader range of measurands with a demonstrable
linear relationship between measurement systems, as exemplified for CA
125 in our study.

The simulation study replicated scenarios where different measure-
ment methods yield non-equivalent results for the same patient popu-
lation. By introducing both positively and negatively biased results and
subsequently applying the adjustment formulas, significant improve-
ments in agreement with the target method were observed. Both biased
datasets initially failed the acceptability criteria for bias, but after
transformation, they met all predefined criteria, suggesting that the
adjustment formula effectively minimizes systematic bias. The real-
world method comparison further validated the formula’s applica-
bility across laboratories serving different patient populations and uti-
lizing distinct measurement systems but having comparable histogram
patterns of data distribution. Despite initial significant bias between the
unadjusted Abbott (source) and Roche (target) methods, the trans-
formation, utilizing 2.5th and 97.5th percentiles, resulted in acceptable
comparability. This was reflected by the substantial reduction in median
relative difference and the improved alignment of slope and intercept
parameters (Table 1). The ability to achieve acceptable method com-
parison results across different laboratory settings and patient pop-
ulations underscores the practical utility of the proposed adjustment
formula for medical laboratories from different locations. The ability to
align diverse measurement systems fosters consistency in clinical
decision-making and patient monitoring, crucial when a measurand,
such as CA 125, serves as a biomarker in detecting and monitoring
disease.

While the premises of the adjustment formula can be easily met in
many cases, some important factors should be carefully considered.
Linearity is a key assumption that must be satisfied for the proper utility
of our approach. However, linearity is not always present and therefore
necessitates indirect confirmation from published literature (if avail-
able) or direct confirmation through a prior method comparison study,
as mentioned in this study. Inherent differences in assay design and
analytical principles, such as variations in antibody selectivity, can
contribute to non-linear relationships between measurement systems
[35]. Therefore, even if proportional or constant bias exists, a linear
relationship between the measurement systems is essential for proper
use of the adjustment formula. Furthermore, the adjustment formula is
expected to be more effective for laboratories serving similar pop-
ulations, as this ensures that proper transformation can be achieved
using results corresponding to 2.5th and 97.5th percentiles obtained in
similar populations. Laboratories serving different populations may
encounter datasets with varying distributions for the same measurands,
which can hinder proper adjustment. In such cases, it is essential for
laboratories to ensure that their datasets exhibit a similar distribution
pattern to those of their counterparts before to apply our approach.
Moreover, in case of reagent/calibrator lot changes causing a significant
bias, the transformation percentiles shall be re-established. Finally,
while this approach can momentarily improve result comparability, it
should not replace harmonization efforts, which remain fundamental for
standardize laboratory results globally[17].

In support of applying our proposed transformation method into
routine practice, we developed the “Result Transformer” web
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application, providing a user-friendly platform that enables rapid,
automated calculation of adjusted results. By integrating established
percentiles, as well as input values for individual patient samples, the
application streamlines the transformation process without necessi-
tating in-depth statistical expertise, thus accelerating the use of this
interim harmonization strategy.

5. Conclusion

In conclusion, this study introduced and validated a simple,
percentile-based transformation formula to address the persistent chal-
lenge of non-equivalent results from different measurement procedures,
exemplified by the CA 125 assays. By leveraging the 2.5th and 97.5th
percentiles, our method effectively aligned source method results with
target method results for CA 125. This approach offers a practical,
interim solution for enhancing result comparability, particularly for
measurands where standardization and harmonization efforts are slow
and challenging. The development of the “Result Transformer” web
application further facilitates the adoption of this method into clinical
practice, ensuring consistent interpretation, monitoring, and clinical
decision-making across different non-harmonized measurement pro-
cedures. Although this approach does not replace the need for harmo-
nization initiatives, it provides a valuable tool for improving patient care
by minimizing measurement-dependent differences until harmonization
of test results is achieved.
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