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Abstract

Background: Serologic tumor markers such as CA15-3, CEA and TPS have been used for decades to manage
patients with breast cancer. Despite the frequent use of these markers, the prognostic significance of these
markers remains indeterminate. Patients and methods: We retrospectively analyzed and followed up a set of
361 patients with Stages I~III breast cancer, from January 2001 to February 2011. Serumal CA15-3 and CEA
levels were measured by electrochemistry (ELC), and serumal TPS was analyzed by enzyme-linked
immunosorbent assays (ELISA). We explored the relationship between preoperative serologic tumor markers
and clinicopathological parameters, the correlation between CA15-3, CEA or TPS levels with overall survival,
and their impact on prognosis. Results: First, at the univariate analysis, higher preoperative serum CA15-3 was
significantly associated with older age of onset (>45 years, P=0.049), and the expression of TPS was related with
some traditional prognostic factors such as tumor size (P=0.030), histologic grade (P=0.001) and lymph node
status (P=0.008). Second, overall survival were significantly shorter among patients with elevated preoperative
serum CA15-3 (P=0.000) or TPS (P=0.038) respectively. Finally, multivariate Cox regression indicated that
histological grading (P=0.028), estrogen receptor(ER) expression (P=0.001) and elevated preoperative values of
CA 15-3 (P=0.015) were independent prognostic factors for overall survival. Conclusions: Our study
demonstrates that higher expression of preoperative serum CA15-3 or TPS was closely correlated with
clinicopathology and overall survival, and CA15-3 before treatment can be used as an independent prognostic
parameter in patients with primarily breast cancer. However, serum CEA had poor correlation with clinical
prognostic factors.
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1. Introduction

Breast cancer is a significant health problem world wide, mainly affecting women, the incidence of breast cancer
has increased rapidly over the past few decades. The American Cancer Society estimated that 226,870 new
female cases of invasive breast cancer will be diagnosed and 39,510 will die of breast cancer in the United States
in 2012 (Siegel, Naishadham, & Jemal, 2012). So breast cancer has become the most common malignancy in
women, and was second only to lung cancer as a cause of cancer death. However, in contrast to other
malignancies, breast cancer is potentially curable because of the existence of effective treatment modalities and
favorable clinical or pathobiological tumor features.

Conceptually, the need for and selection of various local or systemic therapies are based on a number of
prognostic and predictive factors. These factors contribute to the determination of the stage of disease, assist in
the estimation of the risk that the cancer will recur, and provide information that predicts response to therapy. At
present, for breast cancer, these factors include tumor histology, clinical and pathologic characteristics of the
primary tumor, axillary node status, hormone receptor content, presence or absence of detectable metastatic
disease, patient co-morbid conditions, patient age, and menopausal status. Besides that, several biochemical
factors such as the serum tumor markers have been widely assessed as prognostic factors in breast cancer.
However, the role of serum markers is less well established owing to the unsatisfactory evidence.

Although a large number of serum tumour markers have been proposed for breast cancer, but among them, only
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CA15-3 and CEA or cytokeratins (i.e. TPA, TPS or Cyfra 21-1) are the most commonly used in clinical practice.
Carbohydrate antigen (CA) 15-3 is well-characterized assay in peripheral blood that allow the detection of
circulating MUC-1 antigen. And MUC-1, which is one of cell surface associated mucin, is aberrantly over
expressed in many adenocarcinomas especially breast cancer. Therefore, higher level of CA15-3 may be
associated with larger burden of occult disease and poor outcome (Park et al., 2008). Carcinoembryonic antigen
(CEA) is the most widely used marker in monitoring the clinical course of patients with cancer. Several authors
have shown that an increase or a decrease in the CEA level may reflect the status of disease progression or
regression (Uehara et al., 2008; Yerushalmi et al., 2011). Moreover, cytokeratin is an acid type intermediate
filament protein detected in various types of human cancer. Tissue polypeptide specific antigens (TPS), which
measures M; antigenic determinant associated with human cytokeratin 18, is a marker of tumor cell activity in
contrast to markers related to tumor burden (Rydlander et al., 1996). In breast cancer management, there is an
improved effectiveness can be seen when TPS is used in combination with CA15-3 (Hwa et al., 2008).

Whether measuring these proteins in the serum at the time of primary intervention is a reliable method for
monitoring prognosis? In the present study, we retrospectively analyzed the relationship between traditional
prognostic factors and the three serum markers; evaluated the correlation between the markers and overall
survival; and related preoperative levels of those markers to patient outcome using multivariate analysis.

2. Patients and Methods
2.1 Selection of Patients

All primary breast cancer patients, who treated at Fujian Provincial Cancer Hospital from January 2001 to
December 2004, were considered for inclusion in this retrospective study. That means patients were excluded if
any other malignancy was known from their history or if investigations at the time of diagnosis revealed
evidence of metastases from other tissues, and or if them had been interfered. Finally, a total of 361 patients
fulfilled these criteria, the average age of them was 47.1 = 9.2 years (range 21~77 years), and the follow up
period ranged from January 2001 to February 2011. Most parts of patients had their serum CA15-3 (n=360),
CEA (n=359) and TPS (n=305) concentrations measured prior to therapy. Patient basic information such as name,
age and menopausal status were evaluated at the time of diagnosis. General clinico-pathological parameters such
as tumor size, lymph node status, histological grading (in the Nottingham Grading System), hormone receptor
status (using >1% positive nuclear staining as cut off value) and CerbB-2 expression (membrane staining >10%
was used as positive critical value) were estimated after surgery. The final data set is summarized in Table 1.
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Table 1. Patient and disease characteristics of the primary breast cancer patients (n =361)

Characteristics (N) N %

Menopausal status (361)

Premenopause 240 66.5

Postmenopause 121 335
Age (361)

>45 years 216 59.8

<45 years 145 40.2
Tumor size (361)

<2 cm 77 21.3

2~5cm 206 57.1

>5 cm 78 21.6
Lymph node involvement (360)

0 128 355

1~3 105 29.2

>3 127 353
Histologic grade (361)

I 45 12.5

I 225 62.3

I 91 25.2
ER expression (361)

Negative 179 49.6

Positive 182 50.4
PR expression (361)

Negative 166 46.0

Positive 195 54.0
CerbB-2 expression (181)

Negative 27 14.9

Positive 154 85.1
CA15-3 (360)

<30 U/ml 324 90.0

>30 U/ml 36 10.0
CEA (359)

<2.5 pg/L 331 92.2

>2.5 ng/L 28 7.8
TPS (305)

<80 AU/ml 110 36.1

>80 AU/ml 195 63.9

ER: estrogen receptor; PR: progesterone receptor; CA15-3: cancer antigen 15-3; CEA: carcinoembryonic
antigen; TPS: tissue polypeptide specific antigens.

The first line treatment with curative intent of primary breast cancer patients was either modified radical
mastectomy or lumpectomy and axillary lymph node dissection. Soon after primary surgery, radiotherapy and
appropriate adjuvant chemotherapy or hormone therapy was administered as indicated based on the international
guidelines (NCCN - Breast Cancer *”°'%**). Clinical follow-up included history taking, physical examination,
and laboratory tests (including liver function test, complete blood count, CA15-3, CEA and TPS etc.), chest
radiography, breast molybdenum target and abdominal ultrasonography every 4~6 months, and bone scan every
6~12 months, for detection of local or distant relapse. Additional computed tomography and radiography were
obtained as necessary. Pay a return visit by telephone and letter, a number of cases data regarding relapse or
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death were available.
2.2 Measurement of CEA, CA15-3 and TPS Expression

Serumal CA15-3 and CEA concentrations were determined by automated test systems (ROCHE Analytics
Modular E170, Germany) using electrochemistry (ELC) and the cut-off point for CA15-3 and CEA was 30 U/ml
and 2.5 ng/L, respectively. Serumal TPS was analyzed by commercial enzyme-linked immunosorbent assay
(ELISA) kits (BEKI Diagnostics AB, Sweden), and the normal range was 0 to 80 AU/ml.

2.3 Statistical Analysis

Data are expressed as means or numbers (%). A Mean + Standard Deviation program calculated the mean values
of the CA15-3, CEA and TPS levels. In the description of correlation between CA15-3, CEA and TPS levels
with other clinicopathological variables, categorical variables were compared by x*analysis (chi-square test) or
Fisher’s exact test, and continuous variables were compared by Wilcoxon rank-sum test. The univariate survival
curve of overall survival (OS), which was estimated using the Kaplan-Meier type, determined whether the risk of
OS varied depending on the tumor marker’s status, and were compared using log-rank test. Multivariate Cox
regression analysis was performed to identify those parameters having an independent significant influence on
OS and to calculate the hazard ratios. All statistical analysis was performed with the SPSS software package
(version 13.0 for Windows), and a P value of less than 0.05 was considered statistically significant.

3. Results

Until the end of our study, there were 70 patients died from the disease, all cases were followed up except 11.
The average follow-up time was 58.8 + 32.1 months (range 1~121 months). Patient demographics are listed in
Table 1. The mean + SD. of preoperative serum CA15-3, CEA and TPS concentrations in breast cancer patients,
who were took in this study, were 20.86 £ 34.62 U/ml, 1.56 + 8.18 pg/L, and 203.20 = 352.07 AU/ml,
respectively. Elevated CA15-3, CEA and TPS levels were identified in 36 (10.0%), 28 (7.8%) and 195 (63.9%)
patients, respectively.

3.1 Association between the Three Serum Markers and Clinicopathological Variables

Table 2 summarizes the associations between these tumor markers and other clinicopathological traditional
prognostic factors such as tumour size, lymph node status, histological grading and hormone receptor status. As
shown in Table 2, it is clear higher CA15-3 expression was significantly associated with older age (P=0.049);
increased TPS was significantly correlated with larger tumor size, higher histologic grade and greater lymph
node metastases (P=0.030, P=0.001 and P=0.008); and CEA was not related with any clinical pathological
parameters. In addition, it is interestingly that, none of the serum markers were correlated with menopausal
status and immunohistological subtypes (hormone receptors positive or CerbB-2 positive).
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Table 2. Correlation between serum CA15-3, CEA, TPS and other clinicopathological variables

CA153 CEA TPS
Parameter Positive/total P Positive/total P Positive/total P
(%) (%) (%)
Patients enrolled 360 359 305
Menopausal status
Premenopause 19/239(7.9) 0.068 22/238(9.2) 0.152 128/204(62.7) 0.432
Postmenopause 17/121(14.0) 6/121(5.0) 68/101(67.3)
Age (years)
<45 9/145(6.2) 0.049 8/144(5.6) 0.194  75/124(60.5)  0.254
>45 27/215(12.6) 20/215(9.3) 121/181(66.9)
Tumor size (cm)
< 5/77(6.5) 0.416 5/76(6.6) 0.174 36/66(54.5) 0.030
2~5 21/205(10.2) 13/205(6.3) 111/175(63.4)
>5 10/78(12.8) 10/78(12.8) 49/64(76.6)
Lymph node” status
0 10/127(7.9) 0.521 7/126(5.6) 0.494  53/104(51.0)  0.001
1~3 13/105(12.4) 9/105(8.6) 60/89(67.4)
>3 13/128(10.2) 12/128(9.4) 83/112(74.1)
Histologic grade
I 3/45(6.7) 0.605 2/44(4.5) 0.187 16/38(42.1) 0.008
I 22/224(9.8) 15/224(6.7) 126/190(66.3)
11 11/91(12.1) 11/91(12.1) 54/77(70.1)
ER receptor
Negative 17/178(9.6) 0.779 14/178(7.9) 0.963 87/145(60.0)  0.139
Positive 19/182(10.4) 14/181(7.7) 109/160(68.1)
PR receptor
Negative 16/165(9.7) 0.860 12/165(7.3) 0.731 83/137(61.5)  0.226
Positive 20/195(10.3) 16/194(8.2) 113/168(67.3)
CerbB-2 expression
(181)
Negative 3/27(11.1) 0.392 2/26(7.7) 1.000 16/26(61.5) 0.983
Positive 9/154(5.8) 12/154(7.8) 84/136(61.8)

ER: estrogen receptor; PR: progesterone receptor; CA15-3: cancer antigen 15-3; CEA: carcinoembryonic
antigen; TPS: tissue polypeptide specific antigens.

3.2 Association between the Three Serum Markers and Overall Survival

Kaplan-Meier curves for overall survival (OS) are shown in Figures 1-3, where the solid line represents patients
with normal level and the dash line represents patients with elevated levels. A statistic P value indicated the
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statistical significance of differences in CA15-3 or TPS groups. Patients with normal levels of CA15-3 or TPS
had a particularly favorable outcome compared with patients with elevated levels. That is to say increasing
CA15-3 or TPS levels represent a higher rate of disease recurrence and mortality, and thus a poorer prognosis
(P=0.000, P=0.038). However, preoperative CEA had poor correlation with overall survival.

Overall Survival (%0)

100 — _1 1CAl5.3 230 U/mL
I ca1s3 <30 u/mL
80—
H
60— i
-
3
40— P=0.000 ¢
brmemneenae
H
H
20— -
o
T T T T T
i} 25 s0 75 100 125

Time (Months)

Figure 1. Overall survival curves between the normal and the elevated groups according to preoperative CA15-3
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Figure 2. Overall survival curves between the normal and the elevated groups according to preoperative CEA
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Figure 3. Overall survival curves between the normal and the elevated groups according to preoperative TPS
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3.3 Association between the Three Serum Markers and Patient Outcome

Hazard ratios analysis was performed using multivariate Cox regression, and the following variables were
included in the model: menopausal status, age, tumor size, lymph node involvement, histologic grade, hormone
receptor status, Cerb-B expressing and the three serumal markers preoperative expression. As shown in Table 3,
histologic grade, estrogen receptor (ER) expression and elevated preoperative values of CA15-3 were
independent prognostic factors for overall survival (OS) (P=0.028, P=0.001 and P=0.015), while histologic grade
and increased preoperative CA15-3 were risk factor and positive estrogen receptor was safety factor. In addition,
other factors were not associated with patient outcome.

Table 3. Cox proportional hazards regression analysis for overall survival (OS)

Factor B Exp(B) 95%CI for Exp(B) P
Histologic grade* 0.790 2.203 1.091~4.448 0.028
ER expression* -1.311 0.270 0.125~0.579 0.001
Preoperative CA15-3* 1.245 3.472 1.276~9.445 0.015

* Significantly different from reference group (P<0.05).

ER: estrogen receptor; PR: progesterone receptor; CA15-3: cancer antigen 15-3; CEA: carcinoembryonic
antigen; TPS: tissue polypeptide specific antigens.

4. Discussion

Currently, there are multimodal therapies available for advanced breast cancer, but the degree and duration of
response vary widely from patient to patient. Thus, the major challenge for physicians is to find a method helps
in the establishment of individualized health care programmes. Which may decide whom should have a shorter
interval of mammography or ultrasonography examination, whom should receive an invasive procedure for
tissue proof, and whom should be advised to undergo lymph node dissection more extensively, rather than
sentential lymph node sampling to prevent a false negative result. Risk profiles for individual patients at the
initial diagnosis (early prediction) to be considered as informative and usable for further determination under
therapy, which has already been paid more and more attention.

Despite continuous interest in early prediction, which has relevance to daily practice, very little is known about
this topic. In the current world, histological and radiological examinations are routinely measured by the
majority of physicians in prognostic evaluation of breast cancer patients. Although the histopatholgical
examination is gold standard in any malignancy, it is sometimes difficult to perform examination efficiently in
asymptomatic patients with microlesions. In addition, the peak incidence occurs in women aged 40-50 years
when the breast tissue is still dense and the sensitivity of mammography is relatively low, and the false negative
rate of mammography is above 20% (Ahn et al., 2006). In this situation, good serum markers for asymptomatic
breast cancer are useful for identifying minute cancers and false negative cases, and for reducing the discomfort
and cost of invasive procedures for false positive cases (Elmore et al., 1998). Therefore, quantitative detections
of serum markers are often used in breast cancer as noninvasive tools to assess tumor burden.

However, the use of serum tumor markers faces several issues and unanswered questions: their specificity and
sensitivity are considered as low, and no clear consensus exists on what threshold and /or variation should be
considered clinically significant, and the biological heterogeneity that could not be detected by routine tests, and
so on. For these reasons, there are some controversies internationally about the application of tumor markers in
estimation of breast cancer patients. The European Group on Tumor Markers (EGTM, 2005) Panel considers that
preoperatively elevated levels of either CA 15.3 or CEA are associated with adverse outcome in patients with
breast cancer, and their use in combination with established prognostic factors is recommended. The Clinical
Guidelines of American Society of Clinical Oncology (ASCO, 2007) also indicated that for monitoring patients,
CA15-3 or CEA can be used in conjunction with diagnostic imaging, history, and physical examination. But in
contrast to EGTM and ASCO, the National Academy of Clinical Biochemistry (NACB, 2008) Panel
recommends against routine CA 15-3 or CEA testing in the surveillance of asymptomatic patients following
diagnosis of operable breast cancer. And the National Comprehensive Cancer Network (NCCN, 2012) indicated
that there is no evidence to support the use of “tumor markers” for breast cancer.
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Our results conclude elevated preoperative values of CA 15-3 was independent prognostic factors for OS, and
overall survival were significantly shorter among patients with elevated serum CA15-3 or TPS. Which are
supported by several studies with large patient groups and long follow-up times. B.-W. Park (2008) et al. found
elevated preoperative CA 15-3 level is directly related to tumor burden and is independent prognostic factors for
breast cancer, and Roland Einarsson (1995) found that pretreatment levels of TPS in patients with advanced
breast cancer are related with prognosis. But there still others reported conflicting data: Sven Bornhak (2007) et
al. proved that regular imaging and laboratory tests have no relevant effect on overall survival of patients of early
breast cancer. And in another study of 400 patients, Stephane Zervoudis (2007) et al. concluded the value of
increased tumor markers should be interpreted cautiously because it doesn't always imply disease progression,
they may also increase in many benign conditions. Moreover, our finding showed that preoperative CEA
concentration may not strongly suggest a better or worse prognosis. And Lumachi Franco (2010) et al. reported
the baseline level of CEA is not very useful in prediction in elderly patients with breast cancer. But
Frangois-Clément Bidard (2012) et al. indicated CEA was independently associated with PFS (progression-free
survival), which had globally similar performances.

The reason for these differences is not clearly understood currently. We inferred that the difference in study
populations, detecting methods, related standards, result interpretations, control key points, prevention measures,
and so on might all confound the results. While retrospective nature may be the main limitation of our study.
Because any bias related to clinical decisions, which is not formulated beforehand, may causes tremendous
influence.

Overall, despite some controversies, these serum tumor markers as easy, quick, cheap, noninvasive, but rather
imprecise and sometimes misleading tools showed considerable prognostic value in untreated breast cancer
patients. Since our analysis focused only on early risk profiles, these serum tumor markers may facilitate the
postoperative follow-up for an early diagnosis of recurrence and for monitoring response to treatment. We have
reason to believe when tumor marker determinations are applied in a proper way in the appropriate situation, the
results can assist the oncologist enormously.

Furthermore, what should be mentioned slightly is the case number of triple-negative breast cancer, which is one
type of immunohistological subtypes, is too small to draw any conclusion now. This is subjected to further
expand the number of cases in the future.
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