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Abstract-The diagnostic value of mucin-like carcinoma-associated antigen (MU) alas compared 
to that of carcinoembryonic antigen (CEA) and/or CA 15.3 in patients with breast cancer. A total 
of 368 patients with breast cancer were studied, of whom 253 were free of metastases, wlhereas 94 
had either skeletal or visceral metastases or diffuse metastatic disease. The diagnostic sensitivib of 
MCA proved to be comparable to that of CA 15.3 and superior to that of CEA in patients with 
metastatic breast cancer. In contrast, the spectjcity of MCA was superior to that of CA 15.3. 
Finally, the diagnostic sensitivity of each of the tested tumour markers, i.e. MCA, CEA and 
CA 15.3, could be improved by their combined use. We conclude that MCA, either alone or in 
combination with CA 15.3 and CEA, can improve the monitoring of disease progression inpatients 
with metastatic breast cancer. 

INTRODUCTION 
MARKERS for the growth or recurrence of tumours 
are a topic ofcontinuing interest in clinical oncology 
[l-5]. These substances should be specific and 
their detection sensitive enough to discover smaller 
quantities of tumour than can be assessed by imag- 
ing methods [6-81. I n order to further elaborate on 
this problem, we have investigated the diagnostic 
value of the new tumour marker mucin-like carcin- 
oma-associated antigen (MCA,* [9]) and have com- 
pared it to that of carcinoembryonic antigen (CEA, 
[lo, 111) and CA 15.3 [12] in patients with breast 
cancer with and without metastases. Our study 
showed that while the sensitivity of MCA was 
comparable to that of CA 15.3, its specificity was 
superior to the latter. In addition, a combination 
of two or more of the employed tumour markers 
resulted in an even more pronounced gain in diag- 
nostic sensitivity in patients with breast cancer. 

MATERIALS AND METHODS 

Patients 
Studies of serum concentrations of tumour mar- 

kers were performed in the following groups of 
patients: 
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(a) Two hundred and fifty-three patients with a 
history of breast cancer who were free of tumour at 
the time of investigation and during a median 
follow-up period of 5 months (range 3-6 months). 
The presence of visceral or skeletal lesions was 
excluded by chest X-ray, sonography of the liver, 
by bone scintigraphy and blood chemistry. In this 
group of patients, serum concentrations of each of 
the tumour markers MCA, CA 15.3 and CEA were 
assessed at least three times in monthly intervals 
during the follow-up period starting 4 weeks after 
tumour removal and axillary lymph node surgery. 
Data were calculated as a mean of the results of 
tumour marker estimations. Ninety-seven patients 
had no lymph node involvement (NO), whereas 156 
patients had stage II disease (Nl), out of whom 89 
patients had l-3 and 67 patients 4-10 involved 
axillary lymph nodes. 

(b) Ninety-four patients with metastatic breast 
cancer, of whom 36 had visceral metastases, 37 
skeletal metastases and 21 diffuse metastatic dis- 
ease. In patients with visceral metastases, tumour 
marker analyses were performed during 24 episodes 
of progressive disease and 22 episodes of stable 
disease, whereas patients with skeletal lesions were 
studied during 21 episodes of progressive disease 
and 22 episodes of stable disease. In patients with 
diffuse metastatic disease, tumour marker analysis 
was performed during 17 episodes of progressive 
disease and eight episodes of stable disease. 

The localization of metastatic lesions was perfor- 
med by radiographic, sonographic and scinti- 
graphic procedures. 
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Twenty-six patients with progressive disease and 
visceral metastases were followed for change in 
tumour marker levels following three courses of 
chemotherapy consisting of cyclophosphamide, 
adriblastin and methotrexate. 

RESULTS 

Tumour marker levels in patients with breast cancer in 
remission (no evidence of tumour) 

Definition of metastatic disease 
Episodes of progressive disease (PD) were defined 

according to previous classifications [ 131. Stable 
disease (SD) was assumed when there was no change 
of metastatic disease under chemotherapeutic treat- 
ment or when a condition of partial remission was 
maintained up to 9 weeks after the last adminis- 
tration of cytostatic drugs. 

In this group of patients (n = 253), the mean 
blood level of MCA was 4.5 * 0.3 IU/ml, of CEA 
2.6 ? 0.2 ng/ml, and of CA 15.3 17.5 + 0.6 IU/ 
ml. These values are well within the normal range 
found in healthy control individuals. Table 1 shows 
the results of tumour marker estimations in patients 
in the disease-free interval in dependence on their 
lymph node status. No significant difference was 
found between the levels of each of the three investi- 
gated tumour markers when they were analysed 
according to this variable (P > 0.05, respectively). 

Healthy control persons 
Tumour marker levels were assessed in a total of 

96 healthy age-matched female patients. The mean 
blood level 2 S.E.M. of MCA was 7.4 + 0.4 IV/ 
ml (range 1.6-17.9 IU/ml), of CEA 1.2 * 0.1 ng/ 
ml (range 0.3-5.5 ng/ml) and of CA 15.3 
12.0 * 0.4 IU/ml (range 5-24 IU/ml). 

The tumour marker analysis was performed in 
the following manner: Elevations in tumour marker 
levels exceeding the mean serum concentration in 
healthy control persons by 2 standard deviations 
(MCA > 14.4 IU/ml, CEA > 5.4 ng/ml, CA 15.3 
> 20.4 IU/ml) were considered to be (true or false) 
positive. 

Assessment of tumour marker serum concentrations 
The assessment of CEA and CA 15.3 was perfor- 

med by solid phase immunoradiometric assays 
using materials obtained from Behring-Werke AG, 
Marburg, F.R.G. and CIS (Company Oris Indu- 
strie S.A., France), respectively. Serum levels of 
MCA were assayed using materials obtained from 
Hoffmann-La Roche (Hoffmann-La Roche, Basel, 
Switzerland). The assay system is a two-step solid- 
phase enzyme immunoassay utilizing the sandwich 
principle [14, 151, in which monoclonal mouse anti- 
body mAb b-12 directed against MCA [16] was 
used. This antibody recognizes a repetitive binding 
site on the MCA molecule. Serum samples of pati- 
ents and equal amounts of MCA standards were 
incubated with mAb b-12 coated beads at 37°C for 
60 min. Thereafter, the beads were washed and 
anti-MCA antibody b-12 conjugated with horserad- 
ish peroxidase was added. Unbound anti-MCA 
peroxidase conjugate was removed by washing after 
another incubation at 37°C for 60 min. After the 
addition of enzyme substrate, the tubes were incu- 
bated at room temperature for 30 min. Finally, the 
enzyme reaction was stopped by the addition of 
sulphuric acid, and the optical density was meas- 
ured at 492 nm. 

Percentages of patients with advanced breast cancer with 
increased tumour marker serum levels (true positive) 

Table 2 shows that in metastatic breast cancer, 
skeletal lesions could be detected by CEA alone in 
57.6% of patients; in association with MCA and/or 
CA 15.3, the correct diagnosis of metastatic disease 
could be increased by a further 15.2% (CEA + 
MCA), 18.2% (CEA + CA 15.3) or 24.3% (CEA 
+ MCA + CA 15.3). Visceral lesions were detected 
by CEA in 19.5% of patients; in this group of 
patients, the best results were obtained by a com- 
bined analysis by CEA + MCA + CA 15.3 
(72.2%). Table 2 also shows that CEA was positive 
in only 66.7% of patients with diffuse metastatic 
disease. All other tumour markers gave positive 
results in >90% of patients. When either CEA + 
CA 15.3, CEA + MCA or CEA + MCA + CA 15.3 
were combined with each other, a correct diagnosis 
was possible in 100% of patients. Furthermore, 
a combination of tumour markers increased the 
predictive value of negative results from 68.3% for 
CEA alone, 71.5% for MCA alone and 69.9% for 
CA 15.3 alone to 80.6% for CEA + CA 15.3, to 
84% for CEA + MCA and to 87.88% for CEA + 
MCA + CA 15.3. 

Statistics 
Tumour marker levels in patients with advanced breast 
cancer 

Tumour marker concentrations exceeding mean Table 3 shows the results of tumour marker 
levels obtained in healthy individuals by two stan- analyses in patients with either progressive or stable 
dard deviations were considered as pathologic. For metastatic breast cancer. Patients with progressive 
the patient population, tumour marker blood levels disease and skeletal lesions had significantly higher 
are given as mean + standard error of the mean tumour marker serum concentrations than those 
(S.E.M.). Statistical analysis was performed by Stu- with stable metastatic disease 2nd skeletal lesions 
dent’s t-test. (MCA: P < 0.025; CEA: P < 0.0025; CA 15.3: 
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Table 1. Tumour marker levels in patients with breast cancer in the disease-free interval 
according to their bmph node status 

No. of involved 
lymph nodes 

CEA MCA CA 15.3 

(ng/ml) (U/ml) (U/ml) 

0 (n = 97) 2.8 -+ 0.2 9.3 -+ 0.5 17.3 + 0.7 
l-3 (n = 89) 2.6 2 0.7 9.7 2 0.8 19.2 C 0.6 
4-10 (n = 67) 2.8 2 0.4 9.5 2 0.6 17.3 2 0.4 

Table 2. Percentages ofpatient? with advanced breast cancer with elevations (true positive) 
of serum tumour marker levels 

skeletal 
Metastases: 

visceral diffuse 

CEA 57.57% 19.44% 66.66% 
MCA 60.60% 58.33% 90.47% 
CA 15.3 66.66% 66.66% 95.23% 
CEA + MCA 72.72% 61.11% 95.23% 
CEA + CA 15.3 75.75% 69.44% 100% 
MCA + CA 15.3 63.63% 66.62% 100% 
CEA + MCA + CA 15.3 81.81% 72.77% 100% 

*For the number ofpatients in each group see Materials and Methods section. 

Table 3. Serum levels of tumour markers inpatients* with advanced breast cancer 

Patient 
population 

CEA MCA CA 15.3 

(ng/mi) (U/ml) (U/ml) 

Progressive metastatic disease 
Skeletal lesions 
Visceral lesions 
Diffuse metastases 

Stable metastatic disease 
Skeletal lesions 
Visceral lesions 
Diffuse metastases 

41.0 * 2.8 39.3 + 1.9 103.2 + 5.8 
6.0 2 0.3 49.4 + 2.8 72.3 t 3.7 

118.0 f 13.9 123.8 + 12.2 556.0 t 41.4 

8.0 2 0.4 21.0 + 1.0 43.9 ” 2.3 
3.0 2 0.1 19.8 t 0.8 60.7 + 4.8 

48.0 ? 9.7 127.2 2 22.4 392.0 ? 60.0 

*For the number ofpatients in each group see Materials and Methods section 

P < 0.025). In contrast, patients with visceral 
lesions who had either stable or progressive disease 
did not differ significantly in their serum concen- 
trations of tumour markers (MCA: P > 0.05; CEA: 
P > 0.05; CA 15.3: P > 0.25). Similarly, patients 
with either stable or progressive diffuse metastatic 
disease did not differ in their circulating tumour 
marker levels (MCA: P > 0.05; CEA: P > 0.2; 

CA 15.3: P > 0.5). 
An additional analysis of the data shown in Table 

3 revealed that in progressive metastatic breast 
cancer, CEA levels were significantly higher in 
patients with skeletal, as compared to those with 
visceral lesions (P < O.OOl), whereas the concen- 
trations of other tumour markers did not differ 
significantly (MCA: P > 0.5; CA 15.3: P > 0.2). 
The same result was obtained in patients with stable 
metastatic breast cancer. Patients with skeletal 
lesions had a significantly higher value of CEA than 

patients with visceral lesions (P < 0.025). In the 
case of progressive diffuse metastatic disease, only 
CA 15.3 (P < 0.005) was significantly higher than 
the maximum value in patients with non-diffuse 
(i.e. skeletal or visceral) disease (MCA: P > 0.025; 
CEA: P > 0.1). In contrast, patients with stable 
localized metasatic disease (skeletal or visceral) 
had significantly lower tumour marker levels than 
patients with diffuse metastatic involvement (MCA: 
P < 0.01; CEA: P < 0.01; CA 15.3: P < 0.0025). 

False positive andfalse negative results 

(a) False positive (FP) results. The number of FP 
results was assessed in patients with breast cancer 
without evidence of disease (i.e. during the disease- 
free interval) in whom an elevation of tumour 
marker serum levels exceeding the mean level of 
healthy control individuals by 2 standard deviations 
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without concomitant morphologic changes during 
a median follow-up period of 5 months (range 4-6 
months) had been found. Thus, FP results were 
obtained for MCA and CEA in 12 and for CA 15.3 
in 30 patients. 

(b) True positive (TP) and false negative (FN) 
results. The number of patients with advanced bre- 
ast cancer with TP and FN results ofthe investigated 
tumour markers are shown in Table 4. 

Table 4. Numbers ofpatients with advanced breast cancer with 
true positive andfalse negative results in the analysis of tumour 

markers 

Patients CEA MCA CA 15.3 

1. True positive results 
Skeletal lesions (n = 37) 28/20* 28/19 30/25 
Visceral lesions (n = 36) 8/3 27/16 27/18 
Diffuse metastatic (n = 21) 16/13 20/21 21/21 

2. False negative results 
Metastatic breast cancer (n = 94) 43 21 14 
Skeletal lesions (n = 37) 15 14 12 
Visceral lesions (n = 36) 29 15 12 
Diffuse metastatic (n=21) 7 2 1 

*Episodes of progressive disease/episodes of stable disease. 

Change in tumour marker levels in patients with advanced 
breast cancer in response to chemotherapy 

Twenty-six patients with progressive visceral 
metastatic breast cancer were followed for the 
change in tumour marker levels in response to 
three courses of chemotherapy (see Materials and 
Methods). In response to treatment, MCA declined 
from 45.3 + 2.8 U/ml to 38.9 + 2.3 U/ml, CEA 
from 5.9 + 0.3 ng/ml to 4.1 + 0.2 ng/ml and 
CA 15.3 from 73.4 * 3.5 U/ml to 50.1 + 4.5 U/ 
ml. 

Assessment of the diagnostic value of MCA, as compared to 
CA 15.3 and CEA 

Table 5 shows that the diagnostic sensitivity of 
MCA was similar to that of CA 15.3. However, 
MCA or CA 15.3, respectively, had a much higher 
diagnostic sensitivity than CEA alone. This was 
found to be true for all groups of patients with 
metastatic breast cancer. The diagnostic sensitivity 
could be further improved by the combination of 
two or more tumour markers (Table 5). In contrast, 
the specificity of MCA was found to exceed the one 
of CA 15.3 by 8%, 7.7% and 6.2% in patients 
with skeletal, visceral and disseminated metastases, 
respectively. 

Table 5. MCA and CA 15.3: gain in diagnostic sen.ritivity in 
comparison to CEA 

(a) Skeletal lesions: 
CEA 
MCA 
CA 15.3 
CEA + MCA 
CEA + CA 15.3 
CEA + MCA + CA 15.3 

(b) Visceral lesions: 
CEA 
MCA 
CA 15.3 
CEA + MCA 
CEA + CA 15.3 
CEA + MCA + CA 15.3 

(c) Dajjiise metastatic breast cancer: 
CEA 
MCA 
CA 15.3 
CEA + MCA 
CEA + CA 15.3 
CEA + MCA + CA 15.3 

57.57% 
+3.03% 
+9.09% 

+15.15% 
+18.18% 
+24.24% 

19.44% 
+38.99% 
i-47.22% 
+41.67% 
+50.00% 
+52.78% 

66.66% 
+23.81% 
+28.57% 
+28.57% 
+33.34% 
+33.34% 

DISCUSSION 
The present data add the results of a clinical trial 

to previous immunological and biochemical studies 
on mucin-like carcinoma-associated antigen 
(MCA). MCA has been shown to be a member of 
a polymorphic family of mucin-like glycoproteins 
expressed on mutinous epithelia [ 171; the mono- 
clonal antibody b-12 used in the assay has been 
raised against four breast carcinoma cell-lines [ 161 
and shown to recognize the corresponding antigen 
which is released as a secretory product. Additional 
histological analyses had shown that the b-12 
epitope was also present in some normal mutinous 
epithelia, such as the ductuli of the breast or the 
distal tubuli of the kidney. Although the b-12 
epitope was found to be neither tumour-specific nor 
oncofoetal, it was noted that all histological types of 
non-invasive as well as invasive breast carcinomas 
were reactive, irrespective of the degree of their 
differentiation [ 181. 

In the present study, the assay for MCA exhibited 
a sensitivity which was comparable to CA 15.3. 
This result can be explained by the fact that the 
monoclonal antibody b-12 detects a glycoprotein 
molecule which shows some similarity with the 
CA 15.3 antigen [ 161. Differences can be explained 
on grounds of how the two monoclonal antibodies 
were raised: thus, the monoclonal antibody used in 
the assay system for CA 15.3 was produced against 
a membrane fraction of breast cancer liver meta- 
stases [9]. In addition, the antibody mAb-12 does 
differ immunohistochemicallyfrom other antibodies 
with some specificity for breast carcinomas [ 19-231. 
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The sensitivity of MCA as well as CA 15.3 was 
found greatly to exceed that of CEA, although CEA 
was noted to be a good marker for progressive 
disease in patients with skeletal lesions. In contrast, 
CEA seemed to be ofless diagnosticvalue in patients 
with visceral metastases. MCA and CA 15.3 on 
the other hand, exhibited elevated serum levels 
irrespective of the location of the metastases during 
progression of disease, but only CA 15.3 was sig- 
nificantly elevated during progression of disease in 
patients with diffuse disease, as compared to pati- 
ents with non-disseminated breast cancer. Periods 
ofstable disease were characterized by lower tumour 
marker serum levels, as compared to periods of 

disease progression. However, the greater specificity 
of MCA as compared to CA 15.3 has to be stressed 
and is ofinterest for the diagnostic use ofthis tumour 
marker. MCA, CA 15.3 and CEA could be 
increased by the combined use of all three tumour 
markers. In such cases, the correct diagnosis of 
metastatic disease was possible in a total of 72% of 
patients. 

In summary, the present data suggest that the 
monitoring of serum levels of MCA might represent 
a valuable clinical tool in the monitoring of patients 
with breast cancer, and that its addition to the 
tumour marker repertoire can increase the diagnos- 
tic sensitivity. 
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