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CA-15.3, TPA and MCA as Markers for Breast
Cancer

M. Barak, M. Steiner, B. Finkel, J. Abrahamson, S. Antal and N. Gruener

Serum concentrations of CA-15.3, tissue polypeptide antigen (TPA) and mucinous-like carcinoma-associated
antigen (MCA) were measured in 327 women: 81 controls, 93 patients with benign breast disease, 46 patients
recently diagnosed with breast cancer and 107 patients during breast cancer follow-up. CA-15.3 was elevated in
16% of the controls, in 29% of the patients with benign breast disease, in 65% of the breast cancer patients and in
74% of the follow-up patients. TPA was elevated in 4%, 11%, 36% and 75%, respectively. The corresponding
figures for MCA were 10%, 8%, 30% and 64%. The highest sensitivity for cancer detection (74%) was obtained
with a combination of CA-15.3 and TPA, while the specificity of this panel was 75%. The negative predictive
value of these combined tests was 93%. MCA scored lower values, being only 30% sensitive. The CA-15.3/TPA
panel may increase sensitivity compared with single marker tests and provide additional information for clinical
evaluation.

Eur ¥ Cancer, Vol. 26, No. 5, pp. 577—580, 1990.

INTRODUCTION carcinoembryonic antigen (CEA) [2] and tissue polypeptide
antigen (TPA) [3], are neither sensitive nor specific enough
to indicate the spread of the disease and its clinical course.
Monoclonal antibodies (Mab) techniques are more sensitive and
specific than previous assays. Mabs against the milk fat globule
membrane (115D8, BC4N154), against enriched fractions of
membranes from metastatic breast cancer (DF3), against breast
carcinoma cell lines (BC4E 549, b8, b12, b15) and against a high
molecular-weight glycoprotein (3 x 10°) from human serum
(3E 1.2) are used together in several tests. CA15-3 uses 115D8
and DF3 [4]; mucinous-like carcinoma-associated antigen
(MCA) uses b12 [5]; MSA uses 3E 1.2 [6]; and CAS549 uses
BC4E 549 and BC4N154 [7]. With these markers in breast
cancer, detection among patients with breast problems sensi-
tivity was at best 45% and specificity 90%.

CARCINOMA of the breast is the leading cause of cancer mortality
among women in western countries [1]. Early detection will
enable prompt treatment and reduce mortality and morbidity.
However, in primary breast cancer the ‘classic’ tumour markers,
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We have assessed the individual and combined value of CA-
15.3, MCA and TPA measurement in patients with benign and
malignant breast diseases.

PATIENTS AND METHODS

Serum samples were collected with the approval of the Carmel
Hospital Human Experimentation Committee and informed
consent was received from the women. Normal samples were
collected from 81 age-matched, apparently healthy women on
the staff, from 131 inpatients with benign or malignant breast
disease before any surgical manipulation and from 107 women
undergoing breast cancer follow-up at the Northern Oncological
Center. The controls had no evidence of any type of cancer or
inflammatory disease, nor a family history of breast cancer. The
group with benign breast disease underwent operative biopsy.
The following lesions were revealed: fibrocystic disease (51),
lipoma (9), fibroadenoma (16), benign papillomatosis (7), benign
epitheliosis (4) and fat necrosis (6). Among the 46 patients with
recently diagnosed and previously untreated breast cancer (36
ductal, 7 lobular, 3 medullar), 6 had lymph-node involvement,
7 had bone metastases, and 7 also had benign diseases of the
breast.

107 patients in the follow-up group were clinically and bio-
chemically evaluated when no therapy was being administered.
The clinical evaluation of the status of each patient consisted of
chest X-ray, sonography of the liver, bone scintigraphy, and
blood chemistry measurement. The patients were classified as
in progression, in remission, clinically stable or with no evidence
of disease. Progression was defined by any increase in existing
tumour or by the appearance of any new lesions. Regression was
defined as a 50% or greater reduction of the clearly measurable
known malignant tumour together with no increase in size or
appearance of other lesions. Stable disease was defined as a
decrease in tumour size of less than 50%, with no appearance of
new lesions. Among these patients, 57 had no evidence of
disease, 13 had stable disease, 7 were in regression and 30 were
in progression.

Serum samples were stored at —80°C until analysis. We
used the CA-15.3 ENZELSA kit (International CIS, France)
according to the manufacturer’s instructions. The prediluted
sera samples were incubated for 1 h in antibody-coated tubes,
washed and incubated for an additional hour with horseradish-
peroxidase-labelled second antibody. After another wash, the
cotour development after addition of hydrogen peroxide-ortho-
phenylene-diamine acid was recorded at 492 nm in an ELISA
reader. Serum MCA levels were measured with the Hoffman-
La Roche MCA-ELISA kit. This test is similar to the CA-15.3
kit, except that it uses Mab-coated beads. Serum TPA was
assayed with the Sangtec Medical (Bromma, Sweden) TPA-
IRMA kit. Diluted samples were preincubated for 4 h with
antibody-coated beads, washed and incubated for 20 h with the
second radioiodinated antibody. After additional washings, the
tubes were counted for radioactivity.

RESULTS
CA-15.3, TPA and MCA tests had intra-assay variabilities of
7.6, 11.2 and 8.4%, respectively, and inter-assay variability was
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Fig. 1. Serum levels of CA-15.3, TPA and MCA in normal controls.
Horizontal line = mean value.

9.1, 12.4and 7.9%, respectively. The mean (S.D.) levels of these
markers in apparently healthy females were 16.65 (5.09) ng/ml
for CA-15.3, 30.38 (15.64) U/l for TPA and 10.77 (4.77) U/
ml for MCA (Fig. 1). The cut-off levels of these markers
corresponded to the 90th centile of the controls: 22 ng/ml for
CA-15.3, 82 U/l for TPA, and 16 U/ml for MCA. Of the 81
controls, 16%, 4% and 11% had elevated CA-15.3, TPA and
MCA, respectively. 4 controls with elevated CA-15.3 and MCA
had no clinical nor mammographic evidence of breast cancer.
Of the 93 patients with biologically proven benign breast disease,
29%, 8% and 11% had elevated CA-15.3, TPA and MCA,
respectively. The mean levels were 19.2 (7.5) ng/ml for CA-
15.3, 43.3 (51) U/l for TPA and 9.3 (5.1) U/ml for MCA. The
mean CA-15.3 and TPA levels in these patients were slightly
higher than the control means.
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Fig. 2. Serum levels of CA-15.3, TPA and MCA in patients with

newly diagnosed breast cancers. Horizontal dashed line = cut-off

value.
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Table 1. CA-15.3, TPA and MCA in breast cancer*

Positive Negative
Marker Sensitivity Specificity predictive value predictive value
CA-15.3 59 (39t 79 (83) 37 (84) 90 (86)
TPA 48 (48) 94 (96) 62 (81) 90 (84)
MCA 30 (30) 90 (90) 38 (50) 86 (79)
CA-15.3 and/or TPA 74 (74) 75 (81) 39 (57) 93 (90)
CA-15.3 and/or MCA 63 (63) 74 (78) 34 (50) 90 (86)
MCA and/or TPA 56 (56) 85 (86) 43 (58) 90 (835)

*Values were calculated with data from patients newly detected as having breast cancer (n = 46) and compared
with patients with benign breast diseases plus healthy controls.
+Values for malignant breast disease compared with controls.

Table 2. Mean(S.D.) CA-15.3, TPA and MCA values in breast cancer follow-up patients

CA-15.3
(U/ml)

Disease status

TPA
un

MCA
(U/ml)

In progression (n = 30)

57.78 (46.76)*

252.26 (360.12)* 23.11 (17.15)*

In remission(n = 7) 23.82 (12.5) 75.66 (61.42) 10.81 (7.09)
Clinically stable (n = 13) 19.43 (10.3) 52.31 (37.2) 11.08 (7.91)
No evidence of disease (n = 57) 18.72 (7.3) 49.04 (40.9) 10.02 (5.68)

*P < 0.005 compared with group with no evidence of disease.
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Fig. 3. CA-15.3 and TPA in follow-up group. A = patients with no
evidence of disease and B = patients with progressive disease.
Dashed lines = cut-off values.

Among the 46 women recently detected with breast cancer,
63%, 36% and 30% had elevated CA-15.3, TPA and MCA,
respectively (Fig. 2). 74% of the patients had increased CA-15.3
and/or TPA; 63% had increased CA-15.3 and/or MCA and 56%
had increased MCA and/or TPA (Table 1).

Mean values for the 107 women undergoing breast cancer
follow-up are shown in Table 2. All markers tested differed
significantly in those with progressive disease compared with
those with no evidence of disease (Fig. 3). All but 1 patient out
of 30 with progressive disease had one or both markers above
the upper limits. Most of the patients with no evidence of disease
had values below the upper limits, although a third (out of 57)
had one increased marker and 7% had both markers increased.

DISCUSSION

The prompt detection of breast cancer or the assessment of
treated breast cancer progression is critical in management.
Besides the most commonly used breast tumour markers, CA-
15.3[4], MCA [5]and CA549{7, 8], which have similar perform-
ance, another marker, MSA [1, 6, 9] has a sensitivity of 73-88%
and specificity of 95%. We examined the relative merits of
measuring CA-15.3, TPA and MCA levels in the detection and
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monitoring of breast cancer. The cut-off values to use are
controversial since sensitivity and specificity depend on the cut-
off. Eskelinen ez al. [10], Hayes et al. [4] and Pons-Anicet et al.
[11] plotted receiver-operating characteristics (ROC) curves for
CA-15.3. We used low cut-offs that gave good sensitivity with
tolerable specificity. However, even with a lower CA-15.3 cut-
off level than the one we used, the rates of detection in primary
breast cancer were between 0 and 50%, increasing to 75% in
advanced breast cancer [12, 13].

In our study, the false-positive rates for CA-15.3, TPA and
MCA in normal subjects were 16%, 4% and 10%, respectively.
The rate for CA-15.3 was not statistically different from that for
MCA. Despite no clinical or mammographic findings, it will be
interesting to follow up the 4 controls with elevated CA-15.3
and MCA levels. Not surprisingly, CA-15.3 has been reported
as having a 20% false-positive rate in benign breast diseases and
9.9% in healthy women [4]. The clinical significance of these
false-positives is not clear; they may stem from benign conditions
that produce elevated CA-15.3, and may interfere with proper
interpretation, as happened with prostate specific antigen [14].

Patients with benign breast diseases had mean levels of CA-
15.3 and TPA that were slightly higher than those of normal
controls, but CA-15.3 again showed a high false-positive rate:
CA-15.3 was elevated in 29% of the patients with benign breast
diseases (compared with 8% for TPA and 11% for MCA).

Our study demonstrated that CA-15.3 was the most sensitive
marker correlating with 60% of the cases diagnosed as breast
cancers (while only 20% of those patients had lymph node and/
or bone metastases). Correlations were lower for TPA (48%)
and for MCA (30%). Bombardieri er al. [15] showed a 26%
sensitivity for MCA, even when its upper limit was 11 U/ml.
Bieglmayer et al. [S] found MCA and CA-15.3 to be well
correlated. However, significant differences in the pattern of
these two markers suggest that the antigens measured by both
assays are not identical. In our study, only 1 patient with recently
diagnosed breast cancer had an elevated level of MCA with a
normal level of CA-15.3. However, the greater specificity and
the higher positive predictive value of MCA compared with CA-
15.3 (as seen by us and others [5, 16]) has to be stressed and
is of interest for the diagnostic use of this tumour marker.
Surprisingly, TPA, a risk factor rather than a real tumour
marker [17], had a good specificity. The use of TPA together
with either CA-15.3 or MCA increased the sensitivity of both
markers. The sensitivity of TPA is lower than that of CA-15.3
but higher than that of CEA [17], since TPA seems to be a
proliferative index (indicating the metabolic state of the tumour)
rather than CEA, which seems to correlate with tumour size.
Moreover, the combined sensitivity of CA-15.3 and TPA
increased to 74%, while combining MCA and TPA resulted in a
sensitivity lower than that of CA-15.3 alone. The three marker
panel had the same sensitivity as CA-15.3 and TPA (data not
shown). Eskelinen et al. [10] found that the combination MCA/
CA-15.3/CEA gave a sensitivity of 63%. The main problem with
CA-15.3/TPA stems from their low combined specificity (also
found by Eskelinen et al. [10] of 74%, while their individual
specificity was 80% for CA-15.3 and 94% for TPA. However,
the predictive negative value of both low CA-15.3 and/or TPA
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was 93%, which can be considered even for screening purposes.
In the follow-up group, both elevated CA-15.3 and/or TPA
detect the progressive disease, but the markers did not correlate
so well in patients with no evidence of disease. These results
can be explained by a shorter lead time to disease appearance
with the markers compared with clinical, roentgenological,
mammographic or other biochemical findings.

The combined use of tumour markers in breast cancer diag-
nosis may have clinical value, although so far such tests have
too low a specificity to be of practical value in screening.
However, the markers are useful in cancer follow-up.
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