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Abstract

The sensitivity and precision of two fully automated enzyme immunoassays, a chemiluminescent enzyme immunoassay
(CLEIA) and an enzyme-linked immunosorbent assay (ELISA), for the determination of the ovarian carcinoma antigen CA
125 were evaluated by comparison with an immunoradiometric assay (IRMA). Sera were obtained from patients with
ovarian carcinoma (N = 28 before treatment and N = 24 after treatment), digestive system cancer (N = 21 before treatment)
and from healthy women (N = 90). The CLEIA showed a good agreement with the IRMA in terms of the positivity rate,
accuracy and assay linearity, whereas the ELISA gave some false positive results. The mean value of CA 125 in the sera of
healthy women was 14, 16 and 20 U/ml determined using the CLEIA, IRMA and ELISA procedures with standard
deviations (SD) of 6.9, 7.3 and 8.8 U/ml, respectively. Both the reproducibility and precision of the CLEIA with
coefficients of variation (CV) of 4.6% intrarassay and 7.6% inter-assay were better than those of the ELISA with CV of
6.2% intra-assay and 15.2% inter-assay (N = 16). We conclude that the CLEIA is the preferable method for CA 125
determinations and the diagnosis of ovarian carcinoma. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction been considered to be an especialy valuable serum
marker expressed by > 80% of patients with non-
mucinous epithelial ovarian cancer (Endo et al.,
1988). Thus, its measurement has been widely ap-
plied for the clinical diagnosis of ovarian cancer
(Bast et al., 1981, 1983). Methods for detecting CA
125 in serum were firstly based on a radiometric

technique (immunoradiometric assay; IRMA) using a

CA 125 is an antigen defined by the monoclonal
antibody (MAb) OC 125 (Bast et al., 1980). It has

Abbreviations: CLEIA, chemiluminescent enzyme immunoas-
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cient of variation; SD, standard deviation; MAb, monoclonal
antibody
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one-step sandwich principle with **°I-labeled OC
125 as the tracer antibody (Bast et al., 1983; Klug et
al., 1984). Thereafter, this technique was further
developed by changing the first MAb (Endo et al.,
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1988; Kakizaki et al., 1993) or performing heterolo-
gous sandwich assays (Bonfrer et al., 1994). The
specificity and the sensitivity of the CA 125 IRMA
have led to its use in clinical applications for the
diagnosis of ovarian cancer (Einhorn et al., 1986;
Zurawski et al., 1987) and monitoring treatment
(Lavin et al., 1987).

Subsequently, many highly sensitive non-radioac-
tive methods have been developed. An enzyme-lin-
ked immunosorbent assay (ELISA) for CA 125 de-
terminations was recommended by Abbott Laborato-
ries (Chicago, IL). Kenemans et al. (1992) assessed
the technical performance and clinical usefulness of
a fully automated one-step ELISA, Enzymun-Test
CA 125 in 10 European laboratories, in comparison
with the results of the IRMA and EIA. In these
assays, a MAb OC 125 and an anti-CA 125
horseradish peroxidase conjugate was used as the
capture antibody and tracer, respectively. Deger
(1993) developed a method for the ELISA determi-
nation of CA 125 using a streptavidin-coated
polystyrene tube to immobilize biotinylated poly-
clonal anti-estradiol as the capture antibody for CA
125. In another study, Boerman et al. (1987) re-
ported a two-step time-resolved immunofluorometric
assay for the quantitative determination of CA 125
concentrations in serum. A rapid and senstive
chemiluminescent enzyme immunoassay (CLEIA) for
tumor markers, such as CA 125, CA 19-9 etc., has
also been described (Nishizono et a., 1991). More
recently, Shima et al. (1992) evaluated the applica-
tion of a fully automated CLEIA (Lumipulse 1200)
in the determination of serum tumor markers. This
technique also used the MAb OC 125 as capture
antibody, but an akaline phosphatase-labeled anti-
body and its substrate AMPPD as the tracer.

At present, many instruments for the assay of CA
125 in serum have been established by different
companies (Zucchelli et al., 1994), and this has led
to the development of alternative CA 125 assays.
However, there have been many discrepancies among
different assay methods even when the same MAb
was used. Zucchelli et al. (1992) reported a method-
ological evaluation of immunoassays for four tumor
markers on the automated ES 300 and ES 600
systems. In the present study, we have sought dis-
crepancies in precision, positivity rate, assay linear-
ity and reproducibility between commercialy avail-

able CA 125 CLEIA and ELISA techniquesin com-
parison with IRMA. Each of these assays was based
on the same OC 125 MADb. The results should pro-
vide a scientific basis for selecting a non-radioactive
CA 125 immunoassay for use in the diagnosis of
ovarian carcinoma and for monitoring response to

therapy.

2. Materials and methods

2.1. Description of the test

All three methods (CLEIA, ELISA and IRMA)
are based on a solid phase sandwich immunoassay.
One monoclona anti-CA125 was coated on the sur-
face of solid phase and another monoclonal or poly-
clonal anti-CA 125 was labeled with *?°I or enzyme
as the tracer. CA 125 antigen present in the sample
was ‘sandwiched’ between the antibodies. After in-
cubation and washing, the enzyme activity bound to
the solid phase was assayed by the chemiluminescent
light emission with a luminometer in the CLEIA, or
colorimetric reaction in the ELISA, or the tube was
counted in a gamma counter in the IRMA. The
intensity of signal was then converted using a cali-
bration curve to give the amount of CA 125 present
in the sample.

2.2. Materials and instruments

IRMA and CLEIA kits, including 500 assay tubes
coated with murine monoclonal anti-CA 125, were
purchased from Diagnostic Products (DPC, USA).
The IRMA kit consisted of a ligand-labeled and an
iodinated murine monoclonal anti-CA 125 in liquid
form, a series of standard solutions of CA 125 with
different concentrations from 0 to 1500 U/ml and a
buffered wash solution. The CLEIA kit was com-
posed of a buffer and an akaline phosphatase conju-
gated rabbit polyclonal anti-CA125 in buffer and the
solutions containing different concentrations of CA
125 in a non-human protein /buffer matrix. One vial
containing CA 125-free non-human protein/buffer
matrix, a substrate solution including a phosphate
ester of adamantyl dioxetane in a 2-amino-2-methyl-
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1-propanol (AMP) buffer and a probe wash module
were obtained from Diagnostic Products (USA) for
the CLEIA. The ELISA kits were obtained from
Bioseed (USA). Each ELISA kit contained a mono-
clonal anti-CA 125 coated microtiter plate with 96
wells, CA 125 standard solutions, a solution of
horseradish peroxidase conjugated monoclonal anti-
CA 125, color reagent A and B and 2 N HCI.

The IRMA, CLEIA and ELISA procedures were
performed with a FMJ182 Immunoradiometric
Gamma Counter (Shanghai, China), a Model H2686
Fully Automated Luminometer (DPC, USA) and a
Model 550 Microplate Reader (Bio-Rad Pacific,
Hong Kong), according to the instructions and assay
procedures in the manufacturers manuals. As a ref-
erence we used the standard solutions of CA 125
from the commercialy available kits.

2.3. Sera

Serum specimens were obtained from 73 clini-
caly diagnosed patients with ovarian carcinoma (28
untreated and 24 treated) and digestive system can-
cer (21 untreated) and from 90 healthy women. The
sera were separated from the cells, without hemoly-
sis, and were stored by frozen at —20°C for less than
2 months. Before assay, the samples were allowed to
come to room temperature (ca. 20°C) and were
mixed by gentle swirling.

2.4. Precision and reproducibility

Intra-assay precision was determined by assaying
16-fold replicates of one serum in the same run for
both the CLEIA and ELISA procedures. Inter-assay
precision was estimated by determining, in duplicate,
CA 125 in one serum sample on 16 different occa-
sions. The reproducibility tests of CLEIA and ELISA
were carried out on 16 serum samples anayzed in
duplicate.

3. Results and discussion
3.1. Clinical evaluation

We assayed, in duplicate, the CA 125 in serum
samples from 28 untreated and 24 treated ovarian
carcinoma patients, 21 digestive system cancer pa
tients and 90 healthy women, by CLEIA, ELISA and
IRMA. The statistical results and positivity rates are
listed in Table 1.

3.1.1. Healthy control subjects

As shown in Table 1, the mean CA 125 value and
the standard deviation (SD) for determinations by
CLEIA on sera from 90 healthy women were similar
to those obtained using IRMA. The two methods
gave the same positivity rate and the results were

Table 1
Comparison of CA 125 determinations in sera using three methods
Sera Results CLEIA ELISA IRMA
Untreated ovarian carcinoma® (N = 28) mean (U/ml) 86 102 98
SD 111 85 123
positivity rate (%) 82(23) 96(27)°, 89(25)° 82(23)°
Treated ovarian carcinoma patients (N = 24) mean (U,/ml) 30 38 44
SD 38 44 50
positivity rate (%) 25(6)° 33(8)°, 29(7)° 25(6)°
Digestive system cancer (N = 21) mean (U/ml) 18 32 23
SD 13 20 15
positivity rate (%) 14(3)° 24(5)°, 14(3)° 14(3)°
Healthy women (N = 90) mean (U,/ml) 14 20 16
SD 6.9 8.8 7.3
positivity rate (%) 1.1(1)° 4.4(4)°, 1.1(1)° 1.2(1)P

#Mean values and SD were calculated with 24 sera having less than 500 U,/ml CA 125.

°CA 125> 35 U/ml.
°CA 125> 46 U/ml.
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similar to those reported by Bast et al. (1983) and
Kenemans et a. (1992), where the positivity rates
were 1% and 1.9%, respectively. Whereas these
values obtained from ELISA were rather high, the
positivity rate was four times higher than for the
other two techniques when using the same cut-off
limit (35 U/ml). These discrepancies have also been
noted in a study by Hashimoto et a. (1990) in which
healthy women had highly increased CA 125 EIA
values but normal CA 125 IRMA values. Thus, the
ELISA apparently gives more false positive results
(see also Section 3.2). However, if 46 U/ml (mean
value + 3SD) were selected as the cut-off limit, the
ELISA would give the same positivity rate.

3.1.2. Sensitivity for ovarian carcinoma
The concentration of CA 125 in ovarian carci-
noma patients is dependent on therapy. In patients

before primary treatment the value was very high
(>500 U/ml CA 125 in four cases of 28, which
were not included in the calculations of mean and
SD values listed in Table 1), and it markedly de-
creased after treatment (no evidence of disease). In
both the CLEIA and the IRMA, the positivity rate
was 82% before treatment, similar to that of Bast et
al. (1983). This value differed significantly from the
25% positivity rate in cured patients (in clinical
remission). These results are similar to those (85.7%
and 21.7%) presented by Kenemans et al. (1992).
However, the positivity rate using ELISA was up to
96%, indicating a higher sensitivity in the diagnosis
of ovarian carcinoma. The positivity rates were 89%
and 29% for untreated and cured patients when 46
U/ml was used as the cut-off limit of the ELISA,
and these values are also higher than those obtained
using the CLEIA and IRMA. The changesin CA 125
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Fig. 1. Plots of CLEIA values vs. IRMA values of CA 125 in sera from untreated (A) and treated ovarian carcinoma patients (B), digestive

system cancer patients (C) and healthy women (D) for comparison.
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values and positivity rates indicate that CLEIA and
ELISA can be used for monitoring the treatment of
ovarian cancer patients with an accuracy comparable
to IRMA, thereby providing alternative non-radioac-
tive methods for CA 125 immunoassay.

3.1.3. Specificity

The mean concentration of CA 125 in sera from
patients with different digestive system cancers is
dightly higher than that from healthy women. No
significant difference was observed in these values
obtained using both CLEIA and IRMA (P < 0.001),
although the CA 125 concentration range in patients
was wider. The positivity rates of 14% in digestive
system cancer patients and 1.1% in healthy blood are
far lower than the values in ovarian carcinoma pa-
tients, indicating good specificity for the diagnosis of
ovarian carcinoma. However, the mean CA 125 value
in digestive system cancer patients using ELISA was

1.6 times that in heathy samples, furthermore, the
ELISA gave a positivity rate of 24% using the same
cut-off limit. Therefore, the specificity of the CLEIA
was better than that of ELISA.

3.2. Technical evaluation

3.2.1. Correlation with immunoradiometric assay
As shown in Fig. 1, there is a linear relationship
between the results of the CLEIA and the IRMA for
sera from various groups of patients and healthy
women, in assays performed in duplicate at the same
time. Orthogonal regression analysis of these data
(P < 0.0001) gave the linear equations and correla-
tion coefficients shown in the figures (the data dis-
played in brackets are the errors). The sopes of plots
of CA 125 concentrations for the CLEIA vs. the
IRMA are almost identical for al cases, falling in the
range of 0.894—0.917 with a mean value of 0.906.
The higher CA 125 concentration, the better the
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Fig. 2. Method comparison of the ELISA and the IRMA. The concentration of CA 125 was determined in sera from (A) untreated, (B)
treated ovarian carcinoma patients, (C) digestive system cancer patients and (D) healthy women.
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Table 2
Intra- and inter-assay coefficients of variation for CA 125 deter-
mined by the CLEIA and the ELISA

Methods CLEIA

4.6% at 50 U,/ml
7.6% at 37 U/ml

ELISA

6.2% at 53 U /ml
15.2% at 37 U /ml

Intra-assay (N = 16)
Inter-assay (N = 16)

correlation. The correlation coefficient was more
than 0.998 for ovarian carcinoma patients, indicating
a good correlation between the results obtained using
the CLEIA and the IRMA.

Fig. 2 illustrates the results of orthogonal regres-
sion anaysis of CA125 ELISA vaues vs. IRMA
values compared under the same conditions as those
in Fig. 1. The slopes of these plots are in the range
of 1.03-1.23 with a mean value of 1.13. When the
CA 125 concentration was more than 400 U /ml, the
values on ELISA deviated from the line, indicating
the linear range of the ELISA was narrower than
those of the CLEIA and the IRMA. The correlation
was worse and the values of the SD were rather large
for al cases in comparison with those of CLEIA vs.
IRMA values, particularly for samples containing
low CA 125 concentrations. The larger errors possi-
bly resulted from two factors, the influence of MAb
coated wells and the immunoreaction between CA
125 and enzyme-labeled antibody and the interfer-
ence of air or light with the colorimetric reaction. In
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Fig. 3. Regression analysis of CA 125 concentrations determined

in parallel procedures using the CLEIA. The inset shows the

results obtained at low concentrations.
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Fig. 4. Correlation between CA 125 concentrations determined in
parallel ELISA procedures. The inset shows the results obtained at
low concentrations.

the colorimetric reaction a reduced dye (eg.,
3,3,5,5-tetramethylbenzine (Madersbacher and
Berger, 1991)) was used as the color reagent. The
reduced dye is unstable in air and light and can react
with oxygen by light catalysis (noted in the instruc-
tions of the ELISA test kits). Thus, the substrate
reaction should be developed in the dark (Maders-
bacher and Berger, 1991). However, in practice the
reaction is usually developed in air and light accord-
ing to the instructions in the test kits.

3.2.2. Precision

We used four sera to perform precision tests of
intra- and inter-assay variation with the CLEIA and
ELISA procedures. Statistics were calculated for each
from the results of 16 replicate measurements ob-
tained in a single run or in 16 different runs. The
results are shown in Table 2. It has been noted that
all the coefficients of variation (CV) lie in the range
recommended in the manufacturer’s manuals and are
similar to those reported by Nishizono et al. (1991).
The intra-assay CV values exhibited less difference
between two fully automated EIAS, while there was
a larger discrepancy between the inter-assay CV
values. The inter-assay precision test is based on a
single well, and thus its error results from the deter-
mination of the products from hydrolytic (CLEIA) or
colorimetric (ELISA) reactions. The smaller differ-
ence between the CV values of CLEIA and ELISA
suggests that the effect of air or light on the colori-
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metric reaction is secondary compared to the larger
discrepancy between inter-assay CV values. The er-
ror in the tests of inter-assay variation results from
the effects of MAb coated wells and immunoreac-
tions between CA 125 and enzyme-labeled antibody
as well as differences in procedure.

3.2.3. Reproducibility

In this work, the reproducibility of the CLEIA
and the ELISA was evaluated by correlating parallel
determinations of CA 125 in 16 sera over the con-
centration range of 0-250 U/ml. Fig. 3 shows the
plot for results obtained with the CLEIA. The linear
regression equation is Y= 0.41 + 1.00X with a cor-
relation coefficient of 0.9996 (P < 0.0001). When
the concentrations of CA 125 are less than 50 U /ml,
the correlation coefficient between twice parallel de-
terminations is 0.9939, dlightly worse than at high
concentrations. The results of such regression analy-
sis suggest that the reproducibility of the CLEIA is
very good.

The linear regression equation of results for the
ELISA is Y= —177+0.976 X with a correlation
coefficient of 0.9979 (P < 0.0001) (Fig. 4), indicat-
ing a good correlation and good reproducibility. This
regression analysis exhibits a larger SD, compared to
the CLEIA. At CA 125 concentrations less than 50
U/ml the correlation is rather poor, and thus the
error of the ELISA is larger at lower CA 125 con-
centrations. These results suggest that the experimen-
tal conditions influence the enzyme-catalyzed reac-
tion in the ELISA more than that in the CLEIA.
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