
Abstract. Aim: The aim of this study was to evaluate the
ability of tissue polypeptide-specific antigen (TPS),
carcinoembryonic antigen (CEA), and cancer antigen 15-3
(CA 15-3) to predict relapse in breast cancer patients, when
the measurement of biomarkers is performed within 6 months
after surgery. Patients and Methods: Four hundred and
seventy-two patients with breast cancer were evaluated. TPS,
CEA, and CA 15-3 were measured in months 1, 3, and 6,
after surgery. Disease recurrence was recorded between 7-
12 months after surgery. Disease recurrence occurred in 60
patients, while 412 patients remained in recurrence-free
status. Results: TPS levels of the recurrence group differed
statistically significantly in the first and sixth month after
surgery compared to recurrence-free group (p=0.0339,
AUC=0.6056; p<0.0001, AUC=0.7196). CEA and CA 15-3
measurements did not achieve a statistically significant
difference for any month examined. Conclusion: TPS level in
the sixth month after surgery is the best candidate biomarker
to predict disease recurrence.

Breast cancer is the most common malignancy and the second
most frequent cause of death by cancer in women (breast
cancer represents 24% of all cancers occurring in women).
Although the incidence rate of breast cancer has been
increasing, the mortality rate has remained stable for decades.

This is particularly due to the earlier diagnosis and the effective
screening programs as well as advances in treatment (1). 

The efficacy of breast cancer treatment has gradually
increased over recent years. Though, an improved follow-up
management would enable a more effective therapy, particularly
for patients with a high risk of tumor relapse (2). In other words,
it would be useful to have a reliable, easily measurable
prognostic factor. Tumor markers comprise a valuable tool that
can be used for this purpose. Serum tumor markers are routinely
used in diagnostics, therapy monitoring, and follow-up of
patients with breast cancer. The predictive value of tumor
markers has long been discussed (3). Several models have been
tested starting with preoperative levels followed by preoperative
and postoperative level comparisons and then, further routine
measurement for an extended period of observation with
evaluation of changes in tumor marker dynamics (4). In our
study, we decided to perform the clinical measurements during
a 6-month period after surgery. During this time patients are in
close and frequent contact with the hospital due to post-
operative examinations or adjuvant therapies. 

The aim of this study was to evaluate the ability of
carcinoembryonic antigen (CEA), cancer antigen 15-3 
(CA 15-3), and tissue polypeptide specific antigen (TPS) to
predict relapse in patients after radical resection of the tumor
when the measurement of tumor markers is performed
intensively during the first six months after surgery. 

Patients and Methods
Group of patients. The study group included 472 patients who
underwent radical surgery for breast cancer. The baseline patient
characteristics are summarized in Table I. All the cancer diagnoses
were histologically verified. The study was approved by the local
ethical committee and all the patients signed an informed consent
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before participating in this study. Serum levels of TPS, CEA, and CA
15-3 were determined at the following intervals: 1, 3, and 6 months
after surgery. After the third measurement of tumor markers we
continued monitoring patients from the 7th to the 12th month after
surgery, and recorded the disease status. Based on these observations
we divided the patients in two groups. The first group consisted of
60 (13%) patients with disease recurrence (local recurrence or
metastatic spread) and median age 61 years (minimum 32, maximum
88). The second group consisted of 412 (87%) patients with no
disease recurrence and median age 61 years (minimum 37, maximum
84). We compared the results of these two groups.

Serum samples. Samples of peripheral venous blood were collected
using the VACUETTE blood collection system (Greiner Bio-one
Company, Kremsmünster, Austria). Serum was separated by 10-
minute centrifugation at 1300 × g, and immediately frozen to –80˚C.
Serum samples were thawed only once, just prior to analyses.
According to the guidelines of the European Group on Tumor
Markers (EGTM), the tumor markers were measured before
chemotherapy or radiotherapy. Hormonal therapy administration
was not a contraindication to tumor marker measurement (5).

Biomarker measurement. Serum levels of TPS were measured using
the radioisotope IRMA TPS assay (IDL Biotech, Bromma, Sweden).
CEA and CA 15-3 serum levels were measured using the
chemiluminescent ACCESS CEA and ACCESS CA 15-3 assay
(Beckman Coulter, Brea, CA, USA).

Statistical analysis. SAS 9.2 (Statistical Analysis Software release 9.2;
SAS Institute Inc., Carry, NC, USA) was used for all statistical
analyses. Receiver operating characteristic (ROC) curves were plotted
and the area under the curve (AUC) was calculated. The Wilcoxon
test was used to compare distributions of values between the groups
of patients and p-value<0.05 indicated the statistical significance.

Results
We compared the relapsed and relapse-free groups. TPS showed
statistically significant differences when measured in the first
and sixth month after surgery. Median levels of TPS at the first
month, were 75 IU/l and 45 IU/l (p=0.0339, AUC=0.6056),
respectively, and at the sixth month were 83 IU/l and 47 IU/l
(p<0.0001, AUC=0.7196), respectively (Table II). CEA showed
statistically significant difference in the first month after surgery.
Median levels of CEA at the first month, were 1.30 μg/l and
1.20 μg/l (p=0.0432, AUC=0.5520), respectively (Table III).
CA 15-3 showed statistically significant differences in the third
month after surgery. Median levels of CA 15-3 at the third
month, were 14.0 kIU/l and 12.50 kIU/l (p=0.0359,
AUC=0.5590), respectively (Table IV). According to the AUC
values, TPS occupied the first two places followed by CA 15-
3, and then CEA. Figure 1 shows the four best ROC curves. 

Discussion

In our university hospital, breast cancer patients are monitored
for 6 months after radical surgery. After adjuvant chemotherapy
or radiotherapy termination, the patient is usually transferred

to another hospital where follow-up is continued or monitoring
continues at longer intervals. Therefore, we wanted to verify
whether intensive tumor marker measurement and evaluation
can be used as a prognostic factor to identify patients with a
high risk of disease relapse in order to continue or recommend
more intensive monitoring in these patients over the coming
period. Earlier relapse detection also contributes to a lower
mortality rate for this cancer disease (6). 

CEA is one of the first recognized tumor markers. It is
tumor-specific and not organ-specific (7). CA 15-3 detects
soluble forms of mucin-1 (MUC-1) transmembrane
oncoprotein, which is overexpressed in breast cancer. CA 15-
3, in combination with CEA, is the marker most used in
breast cancer detection. CA 15-3 correlates with tumor mass,
nodal status, and presence of metastatic disease (8).
Multiplication of cytokeratins is one of the signs of cell
division. During the progression of malignant tumors, there
is observed a proteolytic cleavage of soluble cytokeratin
fragments and their subsequent release into the blood (9).
TPS is the marker of proliferative activity, while it also
correlates with tumor size, stage, and grade (10).
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Table I. Basic characteristics of patients.

Patients                                                                          472
Age (median)                                                                  61
Histology                                                                           
   Ductal carcinoma                                                409 (88.7%)
   Lobular carcinoma                                                24 (5.1%)
Other                                                                         39 (8.2%)
Stage                                                                                  
   IA                                                                         220 (46.6%)
   IIA                                                                        132 (28.0%)
   IIB                                                                         67 (14.2%)
   IIIA                                                                         38 (8.1%)
   IIIB                                                                          9 (1.9%)
   IIIC                                                                          6 (1.3%)
Operation                                                                           
   Mastectomy                                                         168 (35.6%)
   Partial resection                                                   304 (64.4%)
Adjuvant therapy                                                              
   Adjuvant chemotherapy                                        227 (48%)
   Adjuvant radiotherapy                                         429 (91%)
   Adjuvant hormonal therapy                                 360 (76%)
Mitotic activity (MIB1)                                                   
   Median (Min. – Max.)                                          20 (1-100)
Hormonal receptors                                                         
   Estrogen-positive                                                  373 (79%)
   Estrogen-negative                                                  99 (21%)
   Progesterone-positive                                           368 (78%)
   Progesterone-negative                                           104 (22%)
HER2/neu                                                                          
   Positive                                                                  184 (39%)
   Negative                                                                288 (61%)

MIB1, E3 ubiquitin protein ligase 1; HER2, human epidermal growth
factor receptor 2.



The first studies regarding predictive values of CEA, CA
15-3, and TPS in breast cancer recurrence were conducted
during the 80s and 90s. Given et al. reported CA 15-3,
followed by TPS, as the most sensitive individual tumor
marker to predict breast cancer recurrence. CEA was found
to be less useful for this purpose. Better results were
achieved by a combination of CA 15-3 and TPS (11). Further
studies were mainly focused on the role of CA 15-3. Authors
tried to establish the cut-off value of CA 15-3 at the time of
first recurrence, which could serve as a predictive factor. The
cut-off was established at 30 kIU/l and 47 kIU/l, respectively
(12, 13). The turn of the millennium saw the focus turn
towards the intensive use of tumor markers and several
authors tried to apply new procedures in treatment

indication. Studies conducted by Nicolini and coworkers can
serve as an example. In particular, these studies included an
innovative procedure, based on 3 tumor markers, CA 15-3,
CEA, and tissue polypeptide antigen (TPA), for the
indication of salvage treatment. There were 2 patient groups,
the first was treated just after tumor marker level elevation,
while the second after the confirmation of metastasis using
imaging techniques, which corresponded to the usual
guidelines. Their results revealed significantly higher
survival of the first group, indicating tumor marker-guided
treatment as more successful than imaging-based treatment.
However, guidelines for cancer treatment indication have not
been changed yet (14, 15). Other authors have reported the
ability of CA 15-3 and CEA to be good predictors of distant
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Table II. Comparison of recurrence and recurrence-free groups, concerning tissue polypeptide specific antigen (TPS).

TPS (IU/l)                  Recurrence                   Median                 Minimum                   Maximum                  p-Value Wilcoxon test                     AUC

1 month                           YES                           75.0                        17.0                            1508                                 p=0.0271                              0.6056
                                         NO                            45.0                        10.0                             683                                                                                      
3 months                         YES                           52.0                        10.0                             507                                   p=0.1800                              0.5245
                                         NO                            51.5                        10.0                             438                                                                                      
6 months                         YES                           83.0                        10.0                            1065                                 p<0.0001                              0.7196
                                         NO                            47.0                        6.50                             906                                                                                      

Data in bold indicate statistical significance. AUC, Area under the curve.

Table III. Comparison of recurrence and recurrence-free groups, concerning carcinoembryonic antigen (CEA).

CEA (μg/l)                 Recurrence                   Median                 Minimum                   Maximum                 p-Value (Wilcoxon test)                    AUC

1 month                           YES                           1.30                        0.45                            41.9                                  p=0.0432                              0.5520
                                         NO                            1.20                        0.42                            8.00                                                                                     
3 months                         YES                           1.40                        0.50                            23.9                                  p=0.1342                              0.5257
                                         NO                            1.30                        0.10                            5.20                                                                                     
6 months                         YES                           1.40                        0.50                            6.00                                  p=0.0713                              0.5345
                                         NO                            1.20                        0.30                            5.10                                                                                     

Data in bold indicate statistical significance. AUC, Area under the curve.

Table IV. Comparison of recurrence and recurrence-free groups, concerning cancer antigen 15-3 (CA 15-3).

CA 15-3 (kIU/l)        Recurrence                   Median                 Minimum                   Maximum                  p-Value Wilcoxon test                     AUC

1 month                           YES                           11.6                        10.0                            25.0                                  p=0.2512                              0.5363
                                         NO                            11.0                        4.60                            15.6                                                                                     
3 months                         YES                           14.0                        7.50                            70.0                                  p=0.0359                              0.5590
                                         NO                            12.5                        5.20                            35.3                                                                                     
6 months                         YES                           13.0                        6.10                            33.0                                  p=0.1063                              0.5364
                                         NO                            12.0                        4.70                            34.0                                                                                     

Data in bold indicate statistical significance. AUC, Area under the curve.



metastases, though poor predictors of local recurrence (16,
17). A recent study by Shao et al. confirmed preoperative
serum levels of CEA and CA15-3 as independent prognostic
parameters for breast cancer (18). During the last years,
studies on breast cancer prognosis are focused on
multivariate models with the use of blood tests for CEA,
CA15-3, serum human epidermal growth factor receptor 2
(HER2), lactate dehydrogenase, C-reactive protein and
alkaline phosphatase, combined with further parameters like
estrogen receptor positivity, metastatic status and other
clinical parameters (19, 20).

Based on the findings of the above mentioned studies and
our own experience, we have designed a postoperative
surveillance algorithm and further confirmed it in clinical
practice.

The present study indicated that TPS is a better prognostic
marker of breast cancer relapse than CEA and CA 15-3. TPS

was the best marker (according to the AUC values) measured
in months 1 and 6 after surgery. Hence, our results suggest
that TPS should be added to the panel of biomarkers for the
follow-up monitoring of breast cancer patients, after surgery.
The optimal timing for sample collection for biomarker
testing is the sixth month after surgery, when the adjuvant
chemotherapies and radiotherapies are terminated.

In conclusion, TPS was evaluated as the best candidate for
the prediction of breast cancer recurrence, since it achieved
the highest AUC in the sixth month after surgery. 
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Figure 1. ROC analyses. The four best ROC curves for breast cancer recurrence. ROC, Receiver operating characteristic; TPS, tissue polypeptide-
specific antigen; CA 15-3, cancer antigen 15-3; CEA, carcinoembryonic antigen.
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