
Abstract. Background: The aim of this study was to analyze
whether a correlation exists between preoperative serum tumor
markers (STM) CEA and CA 15-3, age of the patients, TNM
staging, hormone receptor (ER, PgR) status, and MIB-1
proliferation index in patients who underwent surgery for
primary breast cancer (BC). Patients and Methods: Data
regarding a series of 255 consecutive women (median age 60
years, range 30-85) with pT1-2 BC were reviewed, while
patients with confirmed pT3-4 BC were excluded. All patients
underwent preoperative CEA and CA 15-3 serum levels
measurement, and the removed tissue was routinely processed
for the detection of ER, PgR, and MIB1 index. Results: Serum
CEA and CA 15-3 measurements were above the cut-off in 44
(17.2%) and 75 (29.0%) patients, respectively, and the overall
sensitivity of STM was 37.6%. A strong correlation between ER
and PgR rate (R=0.77) was found. There was no relationship
(p=NS) between age of the patients, size (R=0.08), MIB-1
index (R=0.11), and both ER (R=0.01) and PgR (R=0.03)
rate. No linear correlation was found between both CEA and
CA15-3 and the other variables, except for CA 15-3 vs. tumor
size, which showed a mild (R=0.57) linear relationship.
Tumor size, ER rate, and the number of positive nodes were
significantly (p<0.01) different between patients with CA 15-3
values normal and above the cut-off. Comparing the subgroup

of patients with CA 15-3 above the cut-off and CEA within
normal values (Group 1) versus patients with CA 15-3 within
normal values and CEA above the cut-off (Group 2), a
significant difference was found in the tumor size (Group 1:
28.3 ± 9 mm; Group 2: 17.9 ± 7.5 mm; p<0.0001) and in
the number of positive nodes (Group 1: 2.2 ± 3.3; Group 2:
0.5 ± 1.5; p<0.01). Finally, CA 15-3, but not CEA, showed a
significant correlation with the tumor grading (p<0.0001). 
Conclusion: In patients with BC, STM correlate exclusively
with the size of the tumor. Both have low sensitivity and no
significant relationship with other prognostic factors. Thus,
preoperative serum tumor markers measurements are of little
value, especially in patients with early-stage BC, and are not
useful  in the therapeutic decision-making of patients with BC.

Several serum tumor markers (STM) have been proposed

to indicate the presence and future behavior of breast

cancer (BC). Moreover, tumor marker measurement can be

used to help make treatment decisions, especially in patients

without axillary node involvement (1). Unfortunately, the

sensitivity of STM is usually considered low, especially in

patients with early-stage tumors, and subsequently their

clinical usefulness is still controversial (2, 3). The aim of this

study was to analyze whether a correlation exists between

preoperative STM CEA and CA 15-3, age of the patients,

TNM staging, hormone receptor (ER, PgR) status and

MIB-1 proliferation index in patients who underwent

surgery for primary BC.

Patients and Methods

Data regarding a series of 255 consecutive women (median age 60

years, range 30-85) with pT1-2 BC were reviewed, whilst patients

with confirmed pT3-4 BC were excluded. There were 71 (27.8%)

premenopausal and 184 (72.2%) postmenopausal women.

Conditions for entry in the study were: (1) no other or previous

3221

*Presented at the 12th European Cancer Conference (ECCO 12),

Copenhagen (Denmark), September 21-25, 2003.

Correspondence to: Dr Franco Lumachi, Endocrine Surgery Unit,

Department of Surgical & Gastroenterological Sciences, University

of Padua, School of Medicine, Via Giustiniani 2, 35128 Padova,

Italy. e-mail: flumachi@unipd.it

Key Words: Breast cancer, CEA, CA 15-3, MIB-1, hormone

receptor.

ANTICANCER RESEARCH 24: 3221-3224 (2004)

Relationship Between Tumor Markers CEA and CA 15-3, 
TNM Staging, Estrogen Receptor Rate and MIB-1 Index in

Patients with pT1-2 Breast Cancer*
FRANCO LUMACHI1, STEFANO M.M. BASSO1, ALBA A. BRANDES2, 

DUILIO PAGANO1 and MARIO ERMANI3

1Endocrine Surgery Unit, Department of Surgical & Gastroenterological Sciences, 
University of Padua, School of Medicine, 35128 Padova; 

2Division of Medical Oncology, Azienda Ospedaliera, 35128 Padova;
3Section of Biostatistics, Dept of Neurosciences, University of Padua, School of Medicine, 35128 Padova, Italy

0250-7005/2004 $2.00+.40



cancer, (2) no evidence of distant metastases or multicentric BC at

the moment of the diagnosis of cancer (M0), and (3) no presence

of multifocal BC at final pathology. 

No patients had undergone preoperative chemotherapy. All

women underwent curative surgery followed by radiation therapy

and/or chemotherapy, according to the tumor staging and the age of

the patients. Breast-conserving surgery was performed in 156

(61.2%) women, whilst 99 (38.8%) underwent modified radical

mastectomy. According to the American Joint Committee on Cancer

(AJCC), tumor size (pT) was defined as the maximum diameter

measured by the pathologist and the lymph nodes involvement (pN1)

was histologically confirmed (4). Prior to surgery, the presence of

distant metastases was excluded by routine laboratory tests, liver

ultrasound, standard chest X-ray and bone scanning. 

CEA and CA 15-3 levels were determined by automated test

systems using a two-site enzyme-linked immunosorbent assay

(ELISA, monoclonal antibody). A cut-off limit of 10 ng/mL (CEA)

and 30 U/mL (CA 15-3) was taken as recommended by the

manufacturer, as previously described (5, 6). Estrogen (ER) and

progesterone (PgR) receptors were assayed using a quantitative

standard immunoenzymatic method, and results were expressed as

percentage of positivity in the overall cell population.

Immunostaining of Ki-67 antigen was performed using the

monoclonal antibody MIB-1 by a microwave antigen retrieval

technique, and the MIB-1 labelling index was expressed in

percentage (6). The histological grade was defined according to the

Scarff-Bloom-Richardson classification.

Two groups of patients were considered according to the axillary

lymph node status: Group A, 70 (27.5%) cases (pN1), and Group
B, 185 (72.5%) cases (pN0). All patients underwent preoperative

CEA and CA 15-3 serum levels measurement, and the removed

tissue was routinely processed for the detection of ER, PgR and

the MIB-1 index. 

The reported data are expressed as mean ± standard deviation

(SD). Differences between means (i.e., age, tumor size) were tested

by unpaired Student’s t-test or, in the case of non-normal

distribution (i.e., TNM staging, nuclear grading), the Mann-

Whitney U-test. The Chi-square (¯2) test and the Pearson’s

correlation coefficient (R) calculation were used for comparison of

qualitative variables, and to evaluate the linear relationship

between pairs of quantitative variables, respectively. A value of

p<0.01 was considered to be statistically significant. The

Bonferroni’s correction was used when appropriate.

Results

The size of the tumor ranged between 3 and 48 mm (median

19 mm). Table I presents the parameters considered in the

overall population and a comparison between the two

Groups. Serum CEA and CA 15-3 were above the cut-off in

44 (17.2%) and 75 (29.0%) patients, respectively, and the

overall sensitivity of CEA and CA 15-3 together was 37.6%.

A strong correlation between ER and PgR rate (R=0.77) was

found. There was no significant relationship between age of

the patients, size (R=0.08), MIB-1 index (R=0.11), and both

ER (R=0.01) and PgR (R=0.03) rate. No linear correlation

was found between both CEA and CA15-3 and the other

variables, except for CA 15-3 vs. tumor size, which showed a

mild (R=0.57) linear relationship (Figure 1). Moreover, no

linear correlation was found between the values of CA15-3
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Table I. Parameters considered in the overall population, differences
between the two groups and relative p value.

Parameters Overall Group A Group B P
(N1) (N0)

No. of patients 255 (100%) 70 (27.5%) 185 (72.5%) -

Age (years) 60.6 ± 13.2 56.5 ± 12.1 62.2 ± 13.3 < 0.01

Size (mm) 19.8 ± 9.5 23.9 ± 9.0 18.2 ± 9.3 < 0.01

PT1a 9 (3.5%) 0 9 (4.9%) -

PT1b 38 (14.9%) 1 (1.5%) 37 (20.0%) < 0.01*

PT1c 107 (42.0%) 30 (42.8%) 77 (41.6%) 0.98*

PT2 101 (39.6%) 39 (55.7%) 62 (33.5%) 0.05*

G1 67 (26.3% 15 (21.4%) 52 (28.1%) 0.49*

G2 122 (47.8%) 32 (45.7%) 90 (48.6%) 0.90*

G3 66 (25.9%) 23 (32.9%) 43 (23.3%) 0.30*

No. of removed 15 ± 5 16 ± 4.6 15 ± 5.1 0.15

nodes

No. of positive 4.5 ± 3.6 4.5 ± 3.6 0 -

nodes

CEA (ng/mL) 3.7 ± 3.4 4.3 ± 4.8 3.4 ± 2.7 0.06

CA 15-3 (U/mL) 20.6 ±15.9 26.9 ± 16.3 18.2 ± 15.1 < 0.01

CEA>10 ng/mL 44 (17.2%) 16 (22.9%) 28 (15.1%) 0.30*

CA 15-3>30 U/mL 75 (29.4%) 33 (47.1%) 42 (22.7%) 0.01*

CEA>10 ng/mL 96 (37.6%) 37 (52.9%) 59 (31.9%) 0.06*

and/or CA 

15-3>30 U/mL

ER 59.9 ± 33.0 51.3 ± 37.7 60.4 ±30.6 0.048

PgR 52.4 ± 32.3 52.1 ± 35.2 52.3 ± 31.1 0.96

MIB-1 21.2 ± 23.2 30.1 ± 26.3 17.6 ± 21.0 < 0.01

* ¯2 test 

Table II. Differences between patients with CEA and CA 15-3 serum
levels within normal values and above the cut-off. 

CEA Normal >10 ng/mL P

No. of patients 211 44 -

Age (years) 60±13 63.5±13.6 0.11

Size (mm) 19.1±9.3 23.1±10 0.009

ER (%) 60.2±32 46.6±35.5 0.013

PgR (%) 53.9±31.9 44.9±33.4 0.094

MIB-1 (%) 21.2±23.3 21.5±22.8 0.922

No. of positive nodes  1.03±2.4 2.2±4 0.013

CA 15-3 Normal >30 U/mL P

No. of patients 180 75 -

Age (years) 60.9±13.3 60±13 0.60

Size (mm) 16.3±7.2 28.2±9.2 < 0.001

ER (%) 62.8±30.6 46.2±35.5 0.002

PgR (%) 55.5±31.2 45±33.7 0.02

MIB-1 (%) 19.2±22.7 25.9±23.7 0.04

No. of positive nodes 0.64±1.8 2.6±3.9 < 0.001



and CEA (R=0.29). Patients with negative nodes (Group B)

were older (p<0.01) than N1 patients (Group A), whilst CA

15-3 serum levels, the MIB-1 proliferation index and tumor

size were significantly (p<0.01) higher in Group A patients. 

Dichotomized CEA (normal vs. > 10 ng/mL) and CA 15-3

(normal vs. >30 U/mL) were studied with respect to the other

variables (Table II). Tumor size, ER rate and the number of

positive nodes were significantly (p<0.01) different between

patients with CA 15-3 values normal and above the cut-off. A

concordance between CEA and CA15-3 was found in 182 out

of 255 patients (71.4%). Comparing the subgroup of patients

with CA 15-3 above the cut-off and CEA within normal values

(Group 1) versus patients with CA 15-3 within normal values

and CEA above the cut-off (Group 2), a significant difference

was found in the tumor size (Group 1: 28.3 ± 9 mm; Group 2:

17.9 ± 7.5 mm; p<0.0001) and in the number of positive nodes

(Group 1: 2.2 ± 3.3; Group 2: 0.5 ± 1.5; p<0.01). Finally, 

CA 15-3, but not CEA, showed a significant correlation with

the tumor grading (Mann Whitey U-test: p<0.0001). 

Discussion

CEA and CA 15-3 are the best investigated tumor markers

in BC patients, however their sensitivity and specificity are

low (7). Data reviewed by the American Society of Clinical

Oncology (ASCO) in 1996 showed elevated CEA and CA

15-3 levels in 10-64% and 9-75% of the patients with primary

BC, respectively, and studies of the prognostic value of STM

are still controversial (5, 8, 9). BC is a progressive disease

and small tumors are more likely to have a better prognosis.

However, all patients may develop progression or recurrence

of the disease, and therefore an effective prognostic

evaluation is needed (6, 9). Furthermore, the size of tumor

and biological factors, which reflect BC’s aggressiveness,

determine both the therapeutic approach and survival of

patients with BC (10). In node-negative BC, where tumor

size, hormone receptor status and proliferation rate are used

to design an adequate adjuvant therapy, this is particularly

evident (11). The proliferation rate of BC, measured by the

MIB-1 index, was found to correlate with risk assessment

and to be effective in selecting adjuvant therapies (12, 13).

A number of studies reported conflicting data, and none has

clearly demonstrated either the clinical usefulness or not of

STM (3). However, clinicians generally use STM in the

management of patients with BC, but without common and

accepted criteria for their application or interpretation.

High levels of CEA in patients with BC were related to

poor prognosis in early reports (14). More recently, these

results have not been confirmed, and low sensitivity in both

early and advanced disease was shown, when compared with

other STM (2, 5, 15). Guadagni et al. (16) reported elevated

CEA and CA 15-3 levels in 16.7% and 33% of patients with
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Figure 1. Relationship between CA 15-3 serum levels and size of the tumor in the overall population. 



BC, respectively. Cartei et al. (17) stated the clinical

insufficiency of pre-operative CEA, there being no

correlation between pre-operative CEA and tumor burden.

Molina et al. (18), in a prospective evaluation of STM on

503 patients with BC, found high levels of CEA and CA 15-

3 only in 12% and 13% of patients, respectively. 

The increase of STM levels is known to be related to the

stage of BC. Positive values of CA 15-3 were found in 31%

of patients with BC and in 9% of patients with benign

diseases, but only in 21% of patients with BC (stage I-III)

was CA 15-3 altered (19). The low incidence of CA 15-3

elevation in early stage BC is not significant, and its increase

in the follow-up can indicate only a large tumor burden.

Furthermore, one-third of patients with recurrence have

normal values of CA 15-3, while up to 10% of those without

relapse have a false-positive value (20). Routine STM

measurements have been discouraged by the American

ASCO, an expert panel of oncologists, clinical chemists and

patients advocates, which establishes and updates clinical

practice guidelines for the clinical use of tumor markers (21).

In conclusion, our data confirm that, in patients with BC,

serum markers CEA and CA 15-3 correlate exclusively with

the size of the tumor. Both have low sensitivity and no

significant relationship with other prognostic factors could

be found. Thus, preoperative CEA and CA 15-3 serum

levels measurements are of little value, especially in patients

with early-stage BC, and are not useful in the therapeutic

decision-making for patients with BC.
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