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Background: Cancer antigens 125, 27.29, and 15-3 (CA125, CA27.29, and CA15-3) are markers of ovarian
and breast cancer. Comparing tumor marker results across methods is challenging because of the lack of
harmonization. Documenting comparability of results is important.
Methods: Siemens Advia Centaur CA125 and CA27.29 assays were compared to their corresponding
Beckman Coulter DxI CA125 and CA15-3 assays. The interassay bias was determined and themanufacturer-
recommended reference intervals were evaluated.
Results: The DxI CA125 assay demonstrated an overall positive 29% bias relative to the Centaur CA125
assay. The DxI CA15-3 assay demonstrated an overall negative 65% bias relative to the Centaur CA27.29
assay. For patients with multiple comparisons during the study period, the trend of results over time was
similar across both sets of assays. Implementing themanufacturer-recommended reference interval for the
DxI CA125 assay increased the abnormal flagging rate by 4.5%. In contrast, implementing themanufacturer-
recommended reference interval for the DxI CA15-3 assay decreased the abnormal flagging rate by 13.0%.
Conclusions: The overall trends for the majority of patients were similar. Therefore, despite the overall
biases, transitioning tumor marker assays should not affect clinical interpretation of results.

IMPACT STATEMENT
This report will be of interest to clinical laboratories seeking to understand how the Siemens Advia

Centaur CA125 and CA27.29 assays compare to the Beckman Coulter DxI CA125 and CA15-3 assays.
Additionally, any clinical laboratory transitioning from one immunoassay manufacturer to another will
benefit from the information provided. The data presented help characterize differences in magnitude
and longitudinal trends between the aforementioned tumor marker assays. Considering the lack of
harmonization across methods, this report provides useful knowledge for laboratories, providers, and
patients.
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Lack of immunoassay harmonization or stan-
dardization continues to plague laboratories when
transitioning assays/instrumentation and is partic-
ularly problematic for tumor markers, which are
used to monitor disease progression and/or re-
mission. Changes in the quantitative value of tu-
mor markers are often a key component to clinical
decisions. Documenting the comparability of re-
sults across different methods is important.
Cancer antigen (CA)2 125 is an epitope of the

mucin-16 protein and a marker of ovarian cancer
(1). Increased concentrations of CA125 are found
in 80% of patients diagnosed with advanced-stage
epithelial ovarian cancer, but in only 6% of patients
with benign cysts (2). CA125 is not recommended
for screening or early detection of malignancy in
low-riskwomen, but it is useful formonitoring ther-
apeutic response and disease recurrence (3). Pre-
vious studies have shown that CA125 assays are
comparable, but do exhibit bias between plat-
forms. For example, Yagmur et al. reported a slight
negative bias between CA125 quantified on the
DxI 800 compared to the Advia Centaur; however
only 67 samples were evaluated (4, 5).
CA27.29 and CA15-3 are markers of metastatic

breast cancer and are specific to epitopes within
the mucin-1 (MUC1) glycoprotein. The antibody to
CA27.29 is under patent by Siemens and therefore
has limited availability through an alternative man-
ufacturer. In contrast, CA15-3 is more widely avail-
able. MUC1 immunoreactivity by either CA27.29 or
CA15-3 is recommended as a tool to track the ef-
fectiveness of treatment in patients with advanced
disease (3). A previous study by Gion et al. (6)
showed that median CA27.29 values were 15.6%
higher than CA15-3 values in patients with primary
breast cancer; however, both markers increased
with increased tumor burden.
The primary focus of this study was to evaluate

the analytical bias between 2 pairs of tumor mark-
ers (CA125 vs CA 125; CA27.29 vs CA15.3) using
the Beckman Coulter DxI and the Siemens Advia
Centaur.

MATERIALS AND METHODS

Study design

This clinical laboratory quality improvement
project was performed at the University of
Washington Medical Center (Seattle, WA) and
was determined to be “not human subjects
research” by the University of Washington's
Human Subjects Division. Serum samples were
collected using gel separator tubes (BD) be-
tween March 1, 2016, and June 30, 2016. Tumor
markers were measured within 24 h of collec-
tion. Residual samples were stored at −20 °C or
colder and were thawed and vortex-mixed, if
needed, before repeat analysis.

Assay specifications

CA125 was measured using the Siemens
Centaur Advia XP and the Beckman Coulter DxI
800 2-site sandwich immunoassays. The Cen-
taur CA125 assay was linear between 5 and 500
U/mL; a 20-fold dilution was validated to extend
the reportable range to 10000 U/mL. The CVs for
QC level 1 (mean concentration 38 U/mL) and
level 3 (mean concentration 249 U/mL) were
4.6% and 4.5%, respectively. The DxI CA125 as-
say was linear between 5 and 4500 U/mL; a
20-fold dilution was validated to extend the re-
portable range to 90000 U/mL. The CVs for QC
level 1 (mean concentration 54 U/mL) and level 3
(mean concentration 404 U/mL) were 5.7% and
5.2%, respectively.
MUC1 was measured using 2 assays named

based on epitope recognition. CA27.29 was quan-
tified using a competitive immunoassay (monoclo-
nal antibody B27.29, recognizes an epitope in the
core tandem repeat domain) available on the
Centaur (Siemens). The assay is linear between 5
and 450 U/mL; a 20-fold dilution was validated to
extend the reportable range to 9000 U/mL. The
CVs for QC levels 1 (mean concentration 27 U/mL)
and 3 (mean concentration 146 U/mL) were 8.6%
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and 4.3%, respectively. CA15-3 was quantified
using a 2-site immunoassay (monoclonal antibod-
ies MA552/MA695, recognizing epitopes in the
tandem repeat domain) available on the DxI
(Beckman Coulter). The assay is linear between 5
and 900 U/mL; a 20-fold dilution was validated to
extend the reportable range to 9000 U/mL. The CV
for QC levels 1 (mean concentration 13 U/mL) and
3 (mean concentration 70 U/mL) was 5.3% and
4.9%, respectively.

Reference interval validation

Samples greater than the upper reference
limit for the Centaur CA125 (>35 U/mL) and
CA27.29 (>37 U/mL) assays were compared to
the result distribution for the DxI CA125 and
CA15-3 assays to ensure comparable flagging
between methods.

Data analysis

Bias between the 2 assays was determined
using Deming regression. Results from select
patients with several independent interassay
comparisons were evaluated (CA125 n = 7;
MUC1 n = 5). All data analysis and visualization
was performed using Microsoft Excel, GraphPad
Prism, and EP Evaluator.

RESULTS

Study cohort and sample description

The CA125 assays were compared using a total
of 1127 samples corresponding to 685 unique pa-
tients (666 female; 19 male). The median age for
female patients was 59 years and the median age
for male patients was 70 years. CA27.29 and
CA15-3 assays were compared using 1244 sam-
ples from 756 unique patients (747 female; 9
male). The median female age was 59 years and
the median male age was 64 years.

CA125 interinstrument immunoassay
comparison

Overall, CA125 results quantified using the
Beckman DxI assay demonstrated a positive bias
relative to the Siemens Centaur assay (Fig. 1).
When all samples were included, the mean posi-
tive bias was 28.9% (71 U/mL; Deming slope 1.34,
y-intercept −1.01 U/mL; Fig. 1A). For samples
<1000 U/mL (based on the Centaur assay), the
positive bias for the DxI assay was 33.8% (24 U/mL;
Deming slope 1.44, y-intercept −1.64 U/mL; Fig.
1B). For samples <100 U/mL (based on the Cen-
taur assay), the positive bias for the DxI assay was
23.9% (5 U/mL; Deming slope 1.56, y-intercept
5.56 U/mL; Fig. 1C).

Fig. 1. Comparison of CA125 quantified using the Centaur and DxI assays.
The solid black line corresponds to regression analysis; the dotted black line corresponds to the line of identity. Method
comparisons are shown for all samples (A), samples <1000U/mL (B), and samples <100U/mL (C), asmeasured by the Centaur
assay. The hashed lines in panel C represent the upper limits of the reference interval for each assay (35 U/mL).
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Individual patients (n = 7) with multiple serial
measurements over the study period were eval-
uated using both CA125 assays (Fig. 2). For all 7
patients, the percent change in CA125 over time
was similar across both methods. For example,
the CA125 concentration for patient 2 (Fig. 2, A
and D) decreased from time point 1 to time point
2 by 27.3% (352 to 256 U/mL) and 29.9% (457 to
312 U/mL) using the Centaur and the DxI assays,
respectively. CA125 concentration for patient 2
then increased from day 4 to day 5 by 14.0% (164
to 187 U/mL) and 17.9% (279 to 329 U/mL) using
the Centaur and the DxI assays, respectively (Fig.
2, A and D).

Siemens Centaur CA27.29 vs Beckman Coulter
DxI CA15-3 immunoassay comparison

CA15-3 results quantified using the Beckman
DxI had an overall negative bias when compared to
the Siemens Centaur assay (Fig. 3). When all sam-
ples were included, the average negative bias was
−64.9% (−63 U/mL, Deming slope 0.47, y-intercept
5.1 U/mL; Fig. 3A). For samples <1000U/mL (deter-
mined using the Centaur assay), the negative bias
was −53.3% (−28 U/mL, Deming slope 0.63, y-
intercept −3.26 U/mL; Fig. 3B). For samples <100
U/mL (determined using the Centaur assay), the
negative bias was −59.9% (−12 U/mL, Deming
slope 0.48, y-intercept 1.7 U/mL; Fig. 3C).

Fig. 2. Select patients (n = 7) with ≥5 samples collected and evaluated by both the Centaur and DxI
CA125 assays over 3 months (A–C).
A comparison of the percent change from previous measurement by both the Cenatur and DxI CA125 assays for a repre-
sentative patient is shown in D. For A–D, the sequential collection time points for each comparison are represented on the
x-axis with the first comparison indicated as day 0. Note that the exact time (in days) between each collection point was
variable but was within the 3-month study period.
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There was a subset of samples, circled in Fig. 3B
(n = 10; 2 unique patients), where the CA15-3 assay
produced markedly higher results than CA27.29
(3.8-fold on average). When these values were ex-
cluded from the analysis, for all samples, the over-
all negative bias for the DxI assay increased in
magnitude to −72.3% (−68 U/mL, Deming slope
0.46, y-intercept 1.0 U/mL), and for samples <1000
U/mL (determined by the CA27.29 assay), the neg-
ative bias for the DxI assay increased to −67.0%
(−33 U/mL, Deming slope 0.48, y-intercept 1.0
U/mL). The bias for samples <100 U/mL was unaf-
fected because all samples in this subset had con-
centrations >100 U/mL (determined by the
CA27.29 assay).
Individual patients (n = 5) with multiple serial

measurements over the study period were evalu-
ated using both assays (Fig. 4). For patients 1, 2,
and 3, the percent change of CA27.29 and CA15-3
results were similar between both methods. For
example, the CA27.29 and CA15-3 concentration
for patient 3 (Fig. 4, A and C) decreased from time
point 1 to time point 2 by 29.5% (95 to 67 U/mL)
and 26.1% (46 to 34 U/mL) using the Centaur and
the DxI assays, respectively. CA27.29 and CA15-3
decreased for patient 3 from time point 3 to 4 by
42.9% (49 to 28 U/mL) and 36.0% (25 to 16 U/mL).

Patients 4 and 5 (Fig. 4B) had an inverse bias
compared to the overall trend between assays.
For these patients, the CA15-3 assay yielded val-
ues higher than the CA27.29 assay, which was
the inverse of the global bias between measure-
ments. Regardless of the bias directionality, the
results still trended similarly over time. For ex-
ample, the CA27.29 and CA15-3 concentration
for patient 5 increased from time point 0 to time
point 1 by 9.4% (307 to 336 U/mL) and 8.7% (895
to 973 U/mL) using the Centaur and the DxI as-
says, respectively (Fig. 4D). CA27.29 and CA15-3
decreased for patient 5 from time point 1 to time
point 2 by 30.1% (336 to 235 U/mL) and 36.5%
(973 to 618 U/mL), respectively (Fig. 4D).

Reference interval validation

The manufacturer- and literature-supported
abnormal cutoff for both CA125 assays is 35
U/mL, which is what our laboratory implemented
as the upper reference limit for the Centaur
CA125 assay (7). Despite the 29% positive bias
associated with the DxI assay, our analysis indi-
cated that maintaining the recommended cutoff
would only increase flagging of abnormally high
results by 4.5% (51 additional flags of 1127 total
results; Fig. 5A).

Fig. 3. Comparison of CA27.29 and CA15-3 quantified using the Centaur and DxI assays.
The solid black line corresponds to regression analysis; the dotted black line corresponds to the line of identity. Method
comparisons are shown for all samples (A), samples <1000U/mL (B), and samples <100U/mL (C) asmeasured by the Centaur
assay. The circled points in panel B are points that did not follow the observed trend. The hashed lines in panel C represent
the upper limits of various reference intervals for CA27.29 (37 U/mL) and CA15-3 (32, 20, and 15 U/mL) assays.
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Themanufacturer- and literature-supported ab-
normal cutoff for CA27.29 is 37 U/mL, which is
what our laboratory used as the upper reference
limit for this assay (8, 9). The negative bias imposed
by the CA15-3 assay would suggest that the upper
reference limit for this assay should be 60% lower
(15 U/mL); however, the manufacturer and some
published studies suggest 32 U/mL (10). Our re-
baseline analysis indicated that implementing the
recommended CA15-3 cutoff of 32 U/mL would
lead to a 13% decrease in abnormal flagging (157
less flags of 1244 total results) compared to the

respective CA27.29 cutoff (Fig. 5B). In contrast, im-
plementing an upper reference limit derived from
the average bias alone (15 U/mL) would lead to an
increase in abnormal flagging by 13.4% (164 addi-
tional flags of 1244 total results; Fig. 5C). Therefore,
using patient correlation samples below 100
U/mL, we empirically determined the cutoff con-
centration that would maintain consistency in
flagging practices between assays (Fig. 5D). Imple-
menting a CA15.3 upper reference limit of 20U/mL
would increase the flagging rate by 0.7% (9 addi-
tional flags of 1244 total results).

Fig. 4. Select patients (n = 5) with ≥4 samples collected and evaluated by the Centaur CA27.29 and DxI
CA15-3 assays over 3 months (A, B).
A comparison of the percent change from previous measurement by both the Cenatur CA27.29 and DxI CA15-3 assays for 2
representative patients are shown (C, D). For A–D, the sequential collection time points for each comparison are represented
on the x-axis, with the first comparison indicated as day 0. Note that the exact time (in days) between each collection point
was variable but was within the 3-month study period.
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DISCUSSION

Transitioning tumor marker assay manufactur-
ers from Siemens to Beckman Coulter was a
practical decision for our laboratory's automation
system. This transition required significant re-
baselining events to ensure that our laboratory
continued to provide clinically meaningful results
despite assay changes. Our data indicate that the
DxI CA125 assay exhibits an overall positive analyt-
ical bias of 28.9% when compared to the Centaur
CA125 assay. The DxI CA15-3 assay exhibits an
overall negative analytical bias of −64.9% when
compared to the Centaur CA27.9 assay. Strikingly,
out of 2371 total samples analyzed, no instances of
a hook effect or interfering antibodies were de-
tected for either assay. This finding agrees with the
manufacturer's claims that no hook effect was ob-
served up to 70000 U/mL for the Centaur CA125
assay, up to 120000U/mL for the DxI CA125 assay,
and up to 30000 U/mL for the DxI CA15-3 assay.
CA27.29 is a competitive immunoassay and not
subject to hooking.
Some clinicians have proposed that the change

in tumor marker concentration over time is of
greater clinical significance than any other isolated
measurement (11, 12). When evaluating individual
patients with multiple re-baseline measurements
(Figs. 2 and 4), we observed tumormarker concen-
tration changes over time, but the exact reason
(remission, relapse, treatment, etc.) for the change

was not evaluated. These data show a nearly
identical longitudinal trend between both sets of
Siemens Centaur and Beckman Coulter DxI as-
says. Therefore, the transition from one manu-
facturer to another should not affect clinical
interpretation of patient results after an appro-
priate re-baseline.
The reference interval validation was solely

based on a desire to maintain the established flag-
ging rate across assays. It was unnecessary to de-
viate from the recommended reference interval
for the Beckman Coulter CA125 assay (35 U/mL).
Using the recommended cutoff yielded only a 5%
increase in flagging rate. Importantly, with this cut-
off, >99% (324 out of 325) of the patient population
who flagged high on the Centaur assay were also
flagged on the DxI assay.
Equal flagging rates were achieved for the DxI

CA15-3 assay by adjusting the cutoff from the sug-
gested 32 to 20 U/mL. However, the population
flagged by each assay was not the same. We found
that 8% (33 out of 426) of the patient population
who flagged high on the Centaur assay did not flag
on theDxI assaywhen the cutoff was lowered to 20
U/mL. The reason for the difference in flagging
population is not clear and is a limitation associ-
ated with the design of our reference interval vali-
dation. The decrease in flagging rate for the
CA15-3 assay may cause distress to clinicians and
patients. Laboratories implementing the CA15-3
assay may wish to consider lowering the abnormal

Fig. 5. Comparison of the number of results above the reference limit for the Centaur and DxI assays.
Abnormally high results quantified by the Centaur and DxI CA125 assays using a cutoff of 35 U/mL are shown (A). The
distribution of abnormally high results defined by a CA27.29 cutoff of 37 U/mL and a CA15-3 cutoff of 32, 15, or 20 U/mL are
shown (B, C, and D, respectively).
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cutoff or extensively educate users regarding the
change in flagging rate.
Transitioning tumor marker manufacturers is

challenged by lack of immunoassay harmonization

across assays. Investigating the comparability of
results between different methods is necessary to
better understand the clinical impact of transition-
ing from one manufacturer to another.
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