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Abstract

Objectives: The CA 19-9 tumor marker measures the sialy-
lated Lewis a blood group antigen (sLe(a)) expressed on
circulating proteins. CA 19-9 is primarily used to monitor
pancreatic and gastrointestinal cancers. Studies have
demonstrated the lack of comparability of CA 19-9 assays.

Methods: Data from three EQA programs were used to
simulate the potential for increasing the CA 19-9 harmoniza-
tion. The simulation was based on method comparison studies
of each pair of measurement procedures (MPs), selection of
comparable MPs for value assignment of EQA samples, and
mathematical recalibration of MPs. Harmonization status was
determined pre- and post-harmonization, using consensus
mean of all MPs, as reference, and method comparison studies.
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MPs (Abbott, Beckman, Roche and Siemens (Atellica)) were
present in all EQA programs and five others from Siemens
(Immulite), Ortho, Fujirebio, Biomerieux and Thermo
Fisher, in at least one EQA program. The obtained harmo-
nization procedure required recalibration of all MPs. Post-
harmonization mean difference improved from -50.3 to
92.0 % into —-0.48-1.25 %. The range of slopes from individual
MP method comparisons improved from 0.090 to 2.56 into
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normal diversified after application of the harmonization
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Conclusions: Overall, CA 19-9 harmonization can be improved
by recalibration, though a significant lack of correlation re-
mains. The feasibility of achieving CA 19-9 harmonization of
today’s clinical assays is questionable.
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Introduction

Carbohydrate antigen 19-9 (CA 19-9) is an important tumor
marker for pancreatic cancer and other gastrointestinal
cancers. The original 1116-NS-19.9 antibody was raised after
mouse immunization with the human colonic carcinoma cell
line SW 1116 and collection of murine hybridoma’s produc-
ing several monoclonal antibodies [1]. The antigen targeted
by the monoclonal CA 19-9 antibody was found to represent
the sialyl Lewis a (sLe®) blood group antigen [2] and to be
rather specifically elevated in sera of patients with pancre-
atic and gastrointestinal cancers, in which the epitope is
predominantly expressed on high-molecular-weight mucin-
type glycoproteins [3-5]. The first CA 19-9 sandwich
(radio)immunoassay, developed by Centocor in 1982, used
two 1116-NS 19-9 antibodies in its immunoassay design; one
connected to the solid phase and a second radioiodinated '*I-
labeled antibody [5]. This method was calibrated against
purified antigen preparations isolated from SW1116 cell
culture supernatant. The clinical validation study of this
method using amongst others 1,020 healthy volunteers, 314
patients with cancer and 323 patients with benign diseases,
was conducted to determine the cut-off of 37 U/mL [5].

Clinically CA 19-9 is primarily recommended to be used
for monitoring pancreatic cancer and gastrointestinal can-
cers [6, 7]. Although CA 19-9 is elevated in nearly 80 % of
patients with advanced pancreatic cancer, it is not consid-
ered useful for screening purposes. Particularly patients
with Lewis antigen negative phenotypes cannot express the
CA19-9 antigen [6] and false positive findings are observed in
various benign conditions and particularly in case of
obstructive jaundice [8]. ASCO clinical practice guidelines
state that CA 19-9 is not considered an optimal substitute for
imaging when assessing treatment response [9]. Concen-
trations at or above the upper limit of normal (ULN) as well
as concentrations greater than 500 U/mL, have been rec-
ommended as being relevant prognostic cut-offs. The latter
being relevant for the evaluation of resectable or borderline
resectable pancreatic cancer [6, 10]. Interestingly, references
to measurement procedures used for CA 19-9 are generally
lacking in studies aiming to determine clinical decision cut-
offs [11-13].

Today several measurement procedures are marketed
as a CA 19-9 test. Method comparison studies as well as
previous EQA studies have shown that results from different
CA 19-9 measurement procedures can differ significantly
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[14-16]. Since the development of the first CA 19-9 immu-
noradiometric assay by Centocor, there has been a shift in
assay design toward non-isotopic assays and other CA 19-9
assay designs [16, 17]. The observation was made that the
introduction of new non-isotopic assays for CA 19-9 has
decreased the agreement between the CA 19-9 assays [18].
Unfortunately, specific information on the exact calibration
and traceability of today’s CA 19-9 assays is often not publicly
available and standardization traceability is most often
referred to as being based on internal standard, commercial
standard, or historical CA 19-9 assay.

In a recent investigation, the IFCC and international
society of oncology and biomarkers (ISOBM) working group
on tumor marker harmonization (WG-TMH) has examined
the current harmonization status of six commonly used tu-
mor markers, including CA 19-9, by external quality assur-
ance programs (EQA). It was concluded that among others,
CA 19-9 was insufficiently harmonized [19]. As a follow-up
study, additional EQA samples were added to provide a more
reliable estimate of today’s CA-19-9 harmonization status,
and particularly investigating the feasibility of harmoniza-
tion through recalibration. The approach used, was similar
to the previously described harmonization simulation
method applied to the CA 15-3 and CEA tumor markers [20].

Materials and methods
EQA samples and data

Data of the patient-pool based EQA samples were obtained
from the Korean Association of External Quality Assessment
Service (KEQAS), Stichting Kwaliteitshewaking Medische
Laboratoriumdiagnostiek (SKML) and United Kingdom Na-
tional External Quality Assessment Service (UK NEQAS).
Sample data from KEQAS originated from the 2023 program,
SKML from the 2021 to 2023 programs and from UK NEQAS
originated from the 2020 to 2023 programs and are an
expansion of the previously used EQA data [19]. Duplicates
or dilutions of EQA samples within programs were excluded
from the study and in total 75 unique EQA samples were
included in the study that are specified per EQA program in
Supplementary Data 2.

Only assays, referred to as measurement procedures
(MPs), present in all EQA programs, and for which a result
was available for each EQA sample, were included in
calculation of the consensus mean. These were the MPs from
Abbott (Architect/Alinity), Beckman (DxI/Access), Roche
(Cobas) and Siemens (Centaur/Atellica). Other MPs included
were Ortho (Vitros), Fujurebio (Lumipulse) and Biomerieux
(Vidas) which were present in the KEQAS program and
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Siemens (Immulite) and Thermo Fisher (Kryptor) which
were present in the SKML program.

Harmonization protocol

The harmonization investigation was based on the previ-
ously described procedure used for CEA and CA15-3 [20]. In
brief, in step 0 the pre-harmonization status was determined
similarly as previously been performed and based on the
extended datasets [19]. The consensus mean of all MP pre-
sent in all EQA programs was used as the reference EQA
value. The mean difference, obtained by Bland-Altman dif-
ference analysis, was used to investigate the average relative
systematic difference with the consensus mean EQA values.
The harmonization status was determined by comparing the
observed bias to the minimum, desirable and optimum bias
criteria of 21.6, 14.4 and 7.2 % respectively. These criteria
were derived from estimates of biological variation listed by
the EFLM [21].

Step 1 investigated the systematic differences and cor-
relations between each pair of MPs using Passing-Bablok
regression analysis and Spearman correlations. Step 2
included the selection of MPs to be included in the EQA value
assignment, based on equivalence and correlation as ob-
tained by results in step 1. This was based on first, the slope
being within the 0.95 to 1.05 ranges as obtained from indi-
vidual method comparison and second on the correlation
coefficient being greater than 0.95. The EQA value assign-
ment was then performed by calculation of mean EQA value
of the included MPs. In step 3, Passing—Bablok regression
analysis were performed between value assigned EQA and
values obtained for each MPs. In step 4, for each MP a
harmonization procedure was proposed based on regression
results observed in Step 3. Here recalibration was only
required if the slope observed in step 4 was outside the 0.95
to 1.05 range. Finally, in step 5, the harmonization proced-
ures were applied by mathematical calculation of the
adjusted CA 19-9 value. Post-harmonization status was
determined using Bland-Altman difference analysis, simi-
larly to the pre-harmonization procedure.

Impact on reference intervals

The impact of the harmonization procedure on the current
reference intervals was investigated by converting the up-
per limits of normals (ULN) defined as the one-sided 95
percentile interval or otherwise provided in the instruction
for use documentation, to the post-harmonization ULN
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values by using the obtained mathematical recalibration
procedure.

Statistical analysis

All data management and analyses were performed using
Analyze-it for Microsoft Excel software (version 6.15). For
method comparison investigations, Passing-Bablok regres-
sion analysis and Spearman’s correlation coefficients were
used. The Bland-Altman difference analysis was based on
relative differences, and the 95 % CI of the mean values were
obtained. Furthermore, the CV (%) of these values was used
to estimate of magnitude of the remaining scatter of indi-
vidual EQA samples, around the mean difference.

Results
Harmonization status of CA 19-9

The current harmonization status, investigated by Bland-
Altman difference analysis is presented in Figure 1 and a
summary of results is provided in Table 1. Those MPs not
available in all EQA programs were also included in the
analysis. However, for these MPs the consensus mean of the
MPs available in all EQA programs Abbott, Beckman, Roche
and Siemens (Atellica/Centaur) was used as consensus mean
value in order to maintain a comparable consensus values
across EQA programs.

For three of the four MPs present in all EQA programs
(Abbott, Beckman, Roche and Siemens Atellica/Centaur), the
mean bias was outside the minimum bias criterion (Abbott,
Beckman, and Roche). Furthermore, clear CA 19-9
concentration-dependent systematic differences with the
consensus mean were observed. At CA 19-9 concentrations
below 20 U/mL, Abbott MPs exhibited a negative systematic
difference while Siemens (Atellica/Centaur) MP had a posi-
tive systematic difference. At concentrations above 80 U/mL
however, Abbott MP had a positive systematic difference,
while Beckman, Roche and Siemens had a negative system-
atic difference with the consensus mean (Supplementary
Data 1). Similarly, for the other MPs Siemens (Immulite),
Biomerieux (Vidas) and Thermo Fisher (Kryptor) the mean
difference exceeded the minimum bias criterion (Table 1).

Harmonization protocol

An overview of the CA 19-9 harmonization protocol and the
results obtained for each step are presented in Table 2. As a
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Figure 1: Pre- and post-harmonization Bland-Altman difference analysis. The Bland-Altman difference analysis is presented for the four MPs available in
all EQA programs. Black circles represent the post-harmonization EQA values and the gray crosses the pre-harmonization values. The blue line represents
the post-harmonization mean difference and the dotted blue lines the 95 % level of agreement thereof. The post-harmonization consensus mean was
calculated by mean of MPs present in all EQA programs only. # Missing value for Biomerieux (Vidas) is due to a negative post-harmonization value.



DE GRUYTER

Table 1: Pre- and post-harmonization status.
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Vs. pre-harmonization consensus

Vs. post harmonization consensus

Estimate 95 % CI Estimate 95 % CI
Abbott (Alinity/Architect)
n=75
Slope 2.492 2.357 to 2.694 0.9900 0.8643 to 1.192
Intercept -20.49 -53.84 to -15.36 0.5144 -12.68 to 2.867
Correlation 0.980 0.968 to 0.987 0.955 0.928 to 0.972
Bland-Altman mean difference, % 91.95% 73.766 % to 110.141 % 1.25% —4.358 % to 6.854 %
CV (%) from Bland-Altman analysis 79.05 % 24.36 %
Beckman (Access/DxI)
n=75
Slope 0.5751 0.4672 to 0.6320 0.9842 0.9089 to 1.059
Intercept 3.721 2.539 to 5.002 0.1154 -1.223 t0 0.9923
Correlation 0.964 0.943 to0 0.977 0.986 0.978 to 0.991
Bland-Altman mean difference, % -32.34% —37.079 % to —27.606 % -0.66 % —3.858 % to 2.530 %
CV (%) from Bland-Altman analysis 20.59 % 13.88%
Roche (Cobas)
n=75
Slope 0.2630 0.2136 to 0.3072 1.039 0.9071 to 1.102
Intercept 8.171 7.038 to 11.69 -1.019 -3.330 to 1.529
Correlation 0.952 0.924 to0 0.970 0.979 0.967 to 0.987
Bland-Altman mean difference, % -50.15% —58.036 % to —42.272 % -0.11% -4.532% t0 4.315%
CV (%) from Bland-Altman analysis 34.26 % 19.09 %
Siemens (Atellica/Centaur)
n=75
Slope 0.7104 0.6594 to 0.7420 0.9915 0.9348 to 1.036
Intercept 6.915 4.366 to 14.71 0.7828 —1.447 to 4.723
Correlation 0.985 0.975 to 0.990 0.989 0.983 to 0.993
Bland-Altman mean difference, % -9.46 % —16.463 %to —2.450 % -0.48 % -3.191% t0 2.237 %
CV (%) from Bland-Altman analysis 30.45% 11.80 %
Siemens Immulite
n=35
Slope 0.3259 0.1841 to 0.4256 1.070 0.7889 to 1.237
Intercept 8.742 6.236 t0 24.92 -1.254 -5.651 to 4.767
Correlation 0.949 0.899 to 0.975 0.968 0.937 to 0.984
Bland-Altman mean difference, % -3539% -50.442 % to —20.345 % -5.95% —15.466 % to 3.556 %
CV (%) from Bland-Altman analysis 43.81% 27.69%
Ortho Vitros
n=6
Slope 0.8955 0.6583 to 1.777 1.086 0.8043 to 1.756
Intercept 3.153 —-129.0 to 103.5 -1.431 —69.67 to 53.38
Correlation 1.000 1.000 to 1.000 1.000 1.000 to 1.000
Bland-Altman mean difference, % -6.21% —26.640 % to 14.219% 8.30% —8.456 % to 25.049 %
CV (%) from Bland-Altman analysis 19.47 % 15.96 %
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Table 1: (continued)
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Vs. pre-harmonization consensus

Vs. post harmonization consensus

Estimate 95 % CI Estimate 95 % CI
Fujirebio
n=6
Slope 0.7169 0.4999 to 1.124 1.125 0.7650 to 1.392
Intercept 15.92 —30.74 t0 126.0 —-6.949 —29.29 to 78.58
Correlation 0.986 0.861 to 0.999 0.986 0.861 to 0.999
Bland-Altman mean difference, % -14.79% —32.077 % to 2.504 % 3.01% —16.768 % to0 22.795 %
CV (%) from Bland-Altman analysis 16.48 % 18.85%
Biomerieux Vidas
n=5
Slope 0.4423 0.2740 to 0.9517 1.017 0.3131 to 2.020
Intercept 50.65 -50.31 to 208.4 21.95 —127.7 to 494.5
Correlation 1.000 1.000 to 1.000 1.000 1.000 to 1.000
Bland-Altman mean difference, % -36.71% —-56.734 % to —16.685 % 9.69 % —-13.107 % to 32.496 %
CV (%) from Bland-Altman analysis 16.13% 14.33%
Thermo Fisher Kryptor
n=36
Slope 0.2792 0.2019 to 0.2999 1.012 0.9012 to 1.112
Intercept 11.14 9.857 to 20.68 -0.6721 —2.829 to0 1.849
Correlation 0.964 0.928 to 0.982 0.978 0.956 to 0.989
Bland-Altman mean difference, % -31.30% —49.561 % to —13.033 % -0.84% —6.144 % to 4.458 %
CV (%) from Bland-Altman analysis 53.98 % 15.67 %

The pre-harmonization and post-harmonization method comparison, correlation and difference analysis with respect to consensus mean. Consensus mean
is based on Abbott (Alinity/Architect), Beckman (Assess/DxI), Roche (Cobas) and Siemens (Atellica/Centaur) MPs only.

first step, the method comparison studies were performed
between each pair of MPs available in all EQA programs.
The pre-harmonization method comparison by Passing-Bablok
regression analyses are presented in Figure 2. Table 3 presents
the results of the regression, correlation and difference-
analysis, of these method comparison investigations.

In step 2, the MPs from Beckman (Access/DxI), Roche
(Cobas) and Siemens (Atellica/Centaur) were selected for EQA
value assignment. This selection was based on their avail-
ability in all EQA programs, and superior correlations of these
MPs with each other (>0.967), when compared to the corre-
lations obtained with the Abbott (Alinity/Architect) MP
(<0.953). None of the method comparisons met the slope
requirement being within the 0.95-1.05 range. EQA value
assignment was performed for each EQA sample by calcu-
lating the mean of these three MPs included for value
assignment.

The third step of the harmonization protocol was to
perform a Passing-Bablok regression analysis between the
value assigned EQA values and each individual MPs. The
obtained slope and intercept are presented in Table 2. Since

none of the obtained slopes were within the 0.95-1.05 range,
each MP required recalibration, based on the obtained slope
and intercept (Step 4).

In the final step of the harmonization-procedure,
harmonization was simulated by mathematical recalibra-
tion of each MP using the slopes and intercepts as presented
in Table 2.

Performance of the harmonization protocol

The post-harmonization values obtained for each MP were
used to determine the post-harmonization status (Table 1)
and the Bland-Altman difference analysis before and after
the harmonization procedure are presented in Figure 1. The
post-harmonization method comparison studies are pre-
sented in Figure 2 and Table 3.

The mean differences observed with the consensus
mean improved from —50.26 to 91.95 %, into —0.48-1.25%
post-harmonization. However large uncertainty of align-
ment of individual EQA samples remained as CV (%), as
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Table 2: Summary of CA 19-9 harmonization procedure. Results of the different steps of the CA 19-9 harmonization investigation study.

Step 0 Determine pre-harmonization harmonization
Table 1, Figure 1
Step 1 Determine systematic difference between each pair of MPs
Table 3, Figure 2
Step 2 Select MP for EQA value assignment
Beckman, Roche & Siemens (Centaur/Atellica)
Step 3 Regression analysis between value assigned EQA and MPs
Value 95 % CI
Abbott (Alinity/Architect) Slope 4.903 4.258 t06.156
Intercept -53.69 -146.3 to -36.67
Beckman (Access/DxI) Slope 1.105 1.025 to 1.168
Intercept —-3.587 —-7.671 to -2.021
Roche (Cobas) Slope 0.5203 0.4904 to 0.5538
Intercept 4.633 3.466 to 5.670
Siemens (Atellica/Centaur) Slope 1.398 1.307 to 1.469
Intercept —2.455 —3.820 to 1.603
Siemens (Immulite) Slope 0.6153 0.4696 to 0.7096
Intercept 4.960 2.618 to 7.806
Ortho (Vitros) Slope 1.387 0.9777 to 2.488
Intercept -11.00 -128.6 t079.32
Fujirebio (Lumipulse) Slope 1.131 0.8275 to 1.504
Intercept 9.244 -21.74 to 103.9
Biomerieux (Vidas) Slope 0.6888 0.4077 to 1.201
Intercept 50.45 -15.15 to 217.9
Thermo Fisher (Kryptor) Slope 0.5122 0.4890 to 0.5502
Intercept 7.798 6.766 to0 9.047
Step 4 Determine MP recalibration procedures
For all MP based on Slope and Intercept obtained from Step 3
Step 5 Recalibrate MP and determine post-harmonization harmonization

Table 1, Figure 1

obtained from the Bland-Altman difference analysis post-
harmonization, ranged from 11.80 to 24.36 %.

Additionally, the range of slopes, obtained from individ-
ual MP pair regression analysis improved from 0.0903 to 2.560
pre-harmonization to 0.9250 to 1.099 post-harmonization,
while the post-harmonization variability expressed as CV (%),
as obtained from the method comparison of individual MP
pairs, ranged from 22.0 to 49.2 % (Table 3).

Impact on reference intervals

Finally, the effect of the harmonization procedure on the
ULN was investigated and is presented in Table 4. The range
of ULN increased from 27 to 37 U/mL pre-harmonization to
18.5-43 U/mL post-harmonization when the harmonization
calculation was performed on the ULN values provided.

In an attempt to decrease the impact of the CA 19-9
harmonization procedure on the ULN and to try to keep the
ULN of the different MPs as aligned as possible, additional
harmonization procedures were investigated by making the

ULN part of the Passing-Bablok regression analysis (step 3).
Therefore a specified number of ULN values of each MP were
also added as individual observations to the regression
analysis to “force” the linear regression line to a consensus
ULN (column A in Table 4). This resulted in a ULN differences
with a maximum of 0.2 U/mL. However, for the Roche MP,
the newly obtained harmonization procedures would
translate eight of the samples into negative CA 19-9 con-
centrations. To overcome this issue, a second modification
was made: the regression lines were all forced to go through
the 0.0 point to avoid negative values (column B in Table 4).
Unfortunately, as with the original harmonization proced-
ure, this compromised the ULN with a then observed ULN
range of 12.8-43.7 U/mL (column B in Table 4).

Discussion

This study investigated the feasibility of improving the
harmonization status of CA 19-9 by recalibration using in
silico simulations of data obtained from three EQA



7000 -

6000

5000

4000

3000

2000

Beckman Access/Dxl (U/mL)

1000

7000 -

6000

5000

4000

3000

2000

Siemens Atellica/Centaur (U/mL)

1000

1500

1250

1000

750

500

Siemens Atellica/Centaur (U/mL)

250

——Passing-Bablok fit
(y=8.108 +0.2174 x)

L

R T T T T 1
0 1000 2000 3000 4000 5000 6000 7000
Abbott Alinity/Architect (U/mL)
——Passing-Bablok fit
(y=14.11+0.2788 x)
s "
4 L] " L]
.
"
0 1000 2000 3000 4000 5000 6000 7000
Abbott Alinity/Architect (U/mL)
——Passing-Bablok fit . -
(y=1.428+1.279x)
.
N
.
.
A
1 L]
¥

- - o

2w L

oy

0 250 500 750 1000 1250 1500

Beckman Access/Dxl (U/mL)

7000

6000

5000

IS
o
=3
=)

3000

Roche Cobas (U/mL)

2000

1000

1000

@ ~ ® ©
Q Q Q Q
=] =] =] =]

Roche Cobas (U/mL)
w
8

= N w
Q Q Q
=] S S

(=}

1500 -

1250

Siemens Atellica/Centaur (U/mL)

—— van Rossum et al.: Feasibility of improving sLe(a)/CA 19-9 harmonization

DE GRUYTER

—— Passing-Bablok fit
(v =10.24 + 0.09033 x)

0 1000

T T T T T

2000 3000 4000 5000
Abbott Alinity/Architect (U/mL)

6000 7000

——Passing-Bablok fit
(y = 6.805 + 0.4576 X)

1000

0 T T T

T T T T T T T T T

500 600 700 800 900
Beckman Access/Dxl (U/mL)

1000

——Passing-Bablok fit
(y=-12.3+2.56x)

500 750 1000 1500

Roche Cobas (U/mL)

1250
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Table 3: Pre- and post-harmonization method comparisons.

DE GRUYTER

CA 19-9 pre-harmonization

CA 19-9 post-harmonization

Estimate 95 % CI Estimate 95 % CI
Beckman vs. Abbott
Slope 0.2174 0.1637 to 0.2689 1.099 0.7830 to 1.230
Intercept 8.108 6.938 to 24.36 -1.758 —4.389 to 4.694
Correlation 0.919 0.872 to 0.949 0.919 0.872 to 0.949
Bland-Altman mean difference, % -42.00 % —-55.689 % to —28.319 % 6.61% —-2.365 % to 15.583 %
CV from Bland-Altman analysis 59.48 % 39.00 %
Roche vs. Abbott
Slope 0.09033 0.07762 to 0.1293 1.051 0.7703 to 1.290
Intercept 10.24 9.183 to 23.04 -1.040 —-5.595 t0 6.511
Correlation 0.907 0.855 to 0.941 0.907 0.855 to 0.941
Bland-Altman mean difference, % -45.71 % —63.010 % to —28.404 % 8.26 % —-3.051 % to 19.579 %
CV from Bland-Altman analysis 75.20% 49.18 %
Siemens (Atellica/Centaur) vs. Abbott
Slope 0.2788 0.2419 to 0.3185 1.016 0.8653 to 1.125
Intercept 14.11 9.379 to 31.96 0.3271 —-3.887 to 12.05
Correlation 0.953 0.926 to 0.971 0.953 0.926 to 0.971
Bland-Altman mean difference, % -18.03% —40.074 % to 4.019 % 4.50 % -2.242 % t0 11.242 %
CV from Bland-Altman analysis 95.82 % 29.30 %
Roche vs. Beckman
Slope 0.4576 0.4295 to 0.4886 0.9780 0.9244 to 1.042
Intercept 6.805 5.861 to 10.27 0.7777 —-1.084 to 6.941
Correlation 0.983 0.973 to 0.989 0.983 0.973 to 0.989
Bland-Altman mean difference, % -31.75% —38.350 % to —25.143 % -0.09 % —5.219 % to 5.037 %
CV (%) from Bland-Altman analysis 28.70% 22.29%
Siemens (Atellica/Centaur) vs. Beckman
Slope 1.279 1.105 to 1.462 1.007 0.8752 to 1.150
Intercept 1.428 -0.8724 to 8.015 -0.3139 —2.413 to 5.031
Correlation 0.970 0.952 to 0.981 0.970 0.952 to 0.981
Bland-Altman mean difference, % 37.52% 29.964 % to 45.077 % 277 % —2.294 % to 7.840 %
CV (%) from Bland-Altman analysis 32.84% 22.02%
Siemens (Atellica/Centaur) vs. Roche
Slope 2.560 2.367 to 2.954 0.9250 0.8694 to 1.092
Intercept -12.30 -19.01 to -8.235 1.773 —1.715 to 5.440
Correlation 0.967 0.947 to 0.979 0.967 0.947 to 0.979
Bland-Altman mean difference, %’ 125.40 % 107.252 % to 143.554 % 4.75% —2.930% to 12.437 %
CV (%) from Bland-Altman analysis 78.89 % 33.16%

Pre-harmonization method comparison and correlation results of each pair of MPs available in all EQA programs and each EQA sample. *Post-
harmonization values were obtained after removal of 1 outlier.

programs. The results show that the current harmonization
of the numerical CA 19-9 values obtained by different MP is
insufficient and extreme differences in results exceeding a
factor of 10 were observed. Additionally, it was found that
the harmonization status could be significantly improved by
simulating MP recalibrations. However, challenges arose in

keeping the ULN aligned, as the obtained harmonization
procedure deteriorated the alignment of ULN of the different
MPs and significant variation of individual EQA samples
from the mean differences, remained.

Despite the historical development of the CA 19-9 tumor
marker test in 1983, and the standardization of the name “CA
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Table 4: Impact harmonization procedures on ULN. Harmonization procedure us applied for the ULN.

Current Post-harmonization A) Post-harmonization ULN, B) Post-harmonization ULN,
ULN, U/mL ULN, U/mL U/mL [ULN n=75] U/mL [ULN n=75, 0.0]
Abbott (95th percentile) 37 18.5 33.0 12.8
Beckman (95th percentile) 35 3.9 33.0 33.0
Roche (95th percentile) 27 43.0 32.8 43.7
Siemens (95th percentile) 37 28.2 33.0 30.8

Roche n=0 below 0

Roche n=8 below 0 Roche n=0 below 0

19-9” for various globally available measurement proced-
ures targeting sLe(a), the numerical CA 19-9 concentration
values obtained using different MP for the same sample,
can differ significantly. This study shows that, of the pre-
harmonization method comparisons, the slope that differed
the most from 1 was 0.09, found in the Roche vs. Abbott
comparison (Table 3, Figure 2). This indicates that, on
average, numerical CA 19-9 results of the same sample differ
approximately by a factor 10 particularly at the very high
end of the measurement range. Others have also performed
CA 19-9 method comparison studies using patient materials
and also found significant differences between MPs, with
Abbott also found to be reporting the highest CA 19-9 con-
centrations in high CA 19-9 samples, particularly when
compared to the Roche method [14-16, 22, 23]. However, the
exact relationship between MPs as obtained by regression
analysis was highly variable. One reason for this could be the
limited correlation reported by several studies that can
affect the accuracy of the regression. The concentration
range included as well as the regression method used;
parametric (Deming) vs. nonparametric (Passing-Bablok)
can also be of major influence for the differences obtained in
the final regression results.

The lack of a high correlation between MPs for CA 19-9,
which has also been observed by others [14, 16, 22], remains a
challenge that cannot be corrected by recalibrating todays
MPs. Post-harmonization scattering around the regression
line and expressed as CVs as obtained from the Bland-Altman
difference analysis, ranged from 22.0 to 49.2% in the indi-
vidual MPs comparisons. Although significantly better than
the pre-harmonization values, this indicates that even after
harmonization by means of recalibration, significant differ-
ences in individual EQA samples remain between the MPs. As
the EQA samples used comprise pools of patient samples,
some sort of averaging of individual samples is already
included in individual EQA samples. True between method
variability for individual patient samples might therefore be
even higher (or lower) and the presented data will not allow to

provide a reliable estimate of variability observed in indi-
vidual patient samples. It remains uncertain whether, after
recalibration and harmonization efforts, the residual vari-
ability is sufficiently low to consider the investigated CA 19-
9MPs comparable, thereby allowing the use of universal
clinical decision limits and interchangeability among MPs.
Transparency of the CA 19-9 method used to determine CA 19-
9 in patients and for follow-up, and adherence to a single MP
during follow-up seems to be of major importance to avoid
clinical misinterpretation. This is definitely the case for to-
day’s CA 19-9 MPs. In some countries like the US regulatory
requirements necessitate that tumor markers manufacturers
and methods to be available to clinicians and state that results
from different methods may not be comparable. However, in
many countries this is not a common practice. Particularly
caution is advised for using clinical decision cut-offs. The
ESMO 2023 guideline defines biological borderline resect-
ability in pancreatic cancer using a CA 19-9 cut-off of >500 U/
mL [6, 10]. These recommendations were largely based on a
study by Hartwig et al. that used Roche CA 19-9 MP [24]. Based
on our results and the results obtained by method comparison
studies using individual patient samples, the recommended
CA 19-9 cut-off of 500 U/mL seems highly questionable for the
other MPs.

The differences between these assays are hypothesized to
be related to the heterogeneity of the CA 19-9 or sLe(a) meas-
urand and highly related analogous glycan structures that
express similar epitopes. Furthermore, tumor related micro-
environmental and metabolic CA 19-9 glycan epitope modifi-
cations, that can generate further structural isoforms has been
suggested as a factor [15]. Together with the variation in the
monoclonal antibodies used and assay designs for the CA 19-
9 MPs, these factors are thought to be the cause of the limited
correlation and relationship among clinically marketed CA 19-
9 assays [15]. Studies on the epitope recognition of various
antibodies targeting sialyl Lewis(a) and related antigens have
been conducted. The ISOBM TD6 workshop has analysed the
reactivity of antibodies targeting the molecular sLe(a) (CA 19-9)
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epitope and identified reactivity of 20 antibodies against
various neoglycoconjugate epitopes [4]. More recent studies
have also investigated the cross-reactivity of antibodies tar-
geting sLe(a) and found variation in the reactivity for struc-
turally related glycan epitopes [25]. Proper interpretation and
understanding of the results obtained, requires a clear un-
derstanding of the antibodies used and detailed assay designs
of the different MPs. Unfortunately, the instructions for use of
these CA 19-9 MPs do not provide the relevant information
other than that the 1116-NS-19-9 antibody, which is only
available from Fujirebio Diagnostics, is being applied for the
Abbott, Roche and Siemens Atellica MPs. Based on this infor-
mation, one could assume that these MPs have similar epitope
recognition. Beckman has validated an alternative antibody
setup that uses the C192 antibody as tracer, which was claimed
to recognize the same epitope (same specificity) as the original
1116-NS-199 antibody. Thorough validation, including a
method comparison with the Roche method and a clinical
validation study, demonstrated comparable technical and
clinical characteristics [26]. As with most CA 19-9 methods, the
exact design and assay conditions remain unclear. Therefore,
it is impossible to understand or explain the observed differ-
ences and lack of correlation. Additionally, there is no clear
traceability to the calibration standard or material used for
calibration, and an internal standard is often applied. In the
original EQA study of this group, differences were observed
between EQA programs that use leftover patients samples to
obtain high CA 19-9 concentrations and those that used com-
mercial CA 19-9 materials [19]. This was thought to indicate a
lack of commutability of some of these commercial materials.
Potentially, application of these non-commutable materials as
basis for calibration, might explain the large systematic dif-
ferences between certain MPs. Particularly if for instance a CA
19-9 assay is calibrated using the material used in the 2021-
2022 KEQAS program that was at the time based on BioRad
controls as a source material, to obtain elevated CA 19-9 re-
sults. Here, one would think the assays are aligned, but as this
material seems to behave different than true patient samples
such a calibration material could theoretically cause some of
the discrepancies observed (reprint provided in Supplemen-
tary Data 1).

One of the major challenges observed in this simulation
study was the undesirable and unforeseen effect of the
harmonization procedure on the ULN. In this case, the ob-
tained harmonization procedure would actually diverge the
currently rather well aligned ULN of the CA 19-9 MPs. Un-
fortunately, efforts to retain the ULN within the harmoniza-
tion simulation were unsuccessful and resulted in negative CA
19-9 values for some MPs. Others who have also identified
similar systemic differences by method comparison studies,
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had also investigated the clinical performance of the ULN
provided for the MPs [14]. They found that for the investigated
MPs (Abbott Architect, Roche Elecsys and Bayer Immuno 1
analyzers) the cut-off of 37 U/mL provided the best differen-
tiation between benign and malignant gastrointestinal dis-
ease for all MPs [14]. This suggests that the similar ULN
applied, do seem to represent the relevant clinical cut-off of
the overall population, despite the systematic differences
observed between the CA 19-9 MPs. A very large variation in
normal CA 19-9 levels, but probably also elevated CA 19-9
levels, can be explained by the Lewis blood group phenotype
[27]. Incorporating this parameter would allow for further
personalization of the most appropriate cutoff [27]. Interest-
ingly, also differences between CA 19-9 assays for the different
Le (a, b) phenotypes are described indicating also differences
in epitope recognition by different CA 19-9 assays, increasing
the complexity of this issue [28]. It would be relevant to
perform a study to verify whether harmonization of today’s
CA 19-9 MPs truly diverges the ULNs.

This study shows that the harmonization of today’s CA
19-9 assays can significantly be improved through recali-
bration. However, major challenges remain, such as the
lack of correlation among assays and variability in quan-
titative CA 19-9 values for individual samples. Additionally,
issues arose with the ULN, which diverged after application
of the obtained harmonization procedure. Future initia-
tives to harmonize the CA 19-9 tumor marker could focus on
better understanding the CA 19-9 assay designs of MPs
marketed, on the commutability of the calibrators used,
investigation of ULN/clinical cutoff after harmonization,
and determining the impact and relevance of the Lewis
blood group phenotyping for individual MPs. Validation of
the obtained harmonization procedure using true individ-
ual patient samples including a reference interval investi-
gation, would also be relevant. Unfortunately, achieving
true and sufficient harmonization of the CA 19-9 MPs mar-
keted, in the short term seems extremely challenging, if not
impossible. Transparency regarding the MPs used to obtain
CA 19-9 values and traceability of the MPs used to generate
CA 19-9 clinical decision rules, as mentioned in clinical
guidelines, are of the utmost importance.
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