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Carcinoembryonic antigen is potential prognostic factor for patients with
triple negative breast cancer.
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Abstract
Triple Negative Breast Cancer (TNBC) is occurred in the mammary gland epithelial malignant tumours,
which is easy to recurrence and metastasis. Carcinoembryonic Antigen (CEA) is a kind of glycoprotein,
which is widely existed in various human cancer cells. The purpose of this study was to investigate the
role of CEA in the prognosis for TNBC patients who received Neoadjuvant Chemoradiotherapy
(NCRT). A total 783 TNBC patients and 752 healthy women individuals were enrolled to analyse the
prognostic role in the treatment of TNBC. The median follow-up time was 34.5 months. Pathology
analysis showed that CEA expression was up-regulated in TNBC tumour tissues. We showed that
plasma CEA levels were higher in TNBC patients than healthy individuals. We showed that higher
plasma CEA levels were down-regulated in patients received NCRT. Outcomes demonstrated that
higher plasma CEA levels presented lower the 5 y Disease-Free Survival (DFS) rates, while lower CEA
levels showed a significantly lower 5 y DFS rate (P<0.05). In conclusion, these results indicate that
plasma CEA levels were up-regulated in TNBC patients, which suggest that plasma CEA levels are
associated with the prognosis of TNBC patients after receiving NCRT.
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Introduction
Breast cancer is epithelial malignant tumours occurred in the
mammary gland that has become a significant threat to
women's physical and mental health [1,2]. Triple negative
breast cancer (TNBC) is one kind of breast tumours, which is a
heterogeneous tumour that encompasses many different
subclasses of the disease [3]. TNBC is especially characterized
by breast cancer patients with negative Estrogen Receptor
(ER), Progesterone Receptor (PR), and Human Epidermal
Growth Factor Receptor-2 (HEGF-2) [4,5]. Previous study has
indicated that TNBC is a phenotype of breast cancer with
aggressive clinical behaviour for the absence of optimal
treatment, the prognosis of this disease is poor [6]. Therefore,
exploring prognostic factor to detect the response to
Neoadjuvant Chemotherapy (NACT) in a TNBC patients are
required to evaluate therapeutic effects and the long-term
survival in clinic.
Carcinoembryonic antigen (CEA), a kind of glycoprotein, is
widely expressed in various tumour tissues, which has been
regarded as antigen for the patient's immune response [7,8].
Previous study has showed that there is an association of
elevation of CEA postoperatively with different clinical stages
of breast cancer and elevated CEA levels postoperatively are
associated with an increased risk of development of recurrent
[9]. Immunotherapy targeting for ErbB-2 and CEA presented
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efficient inhibition for human breast cancer [10]. Importantly,
CEA can be detected in the serum in majority of breast cancer
patients with metastatic, which may be used as prognostic
tumour marker in advanced breast cancer.
In this study, we investigated expression levels of plasma CEA
levels in TNBC patients and healthy women individuals. We
explored the association between plasma CEA levels and
prognosis of TNBC patients. Here, we identified that plasma
CEA levels were up-regulated in TNBC patients, which are
associated with the disease-free survival (DFS) rates of TNBC
patients after receiving Neoadjuvant Chemoradiotherapy
(NCRT).

Materials and Methods
Ethics statement
This study was approved by the ethics committee of
Heilongjiang Province Nongken General Hospital. All patients
were asked to provide 5 ml venous blood and were required to
write informed consent with signature.

Study design, subjects and sampling
A total of 783 TNBC patients and 752 healthy women
individuals were included in this retrospective cohort in
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Chinese Han population. The mean of age was 35.2 ± 12.7 and
36.8 ± 13.6 y in TNBC patients and healthy individuals,
respectively.

CEA were up-regulated in tumour tissues in patients with
TNBC.

CEA grouping
According to the plasma CEA levels, TNBC patients were
divided into higher CEA levels (>3.5 ng/dl) and lower CEA
levels (<3.5 ng/dl). Patients with TNBC received treatment of
Neoadjuvant Chemoradiotherapy (NCRT) and DFS, LRFS and
DMFS were calculated using the maximally selected log-rank
test.

ELISA
The plasma concentration levels of ER (DYC5415-2, R and D
Systems, Inc.), PR (DYC5715-2, R and D Systems, Inc.),
HER-2 (DHER20, R and D Systems, Inc.), and CEA (DEP00,
R and D Systems, Inc.) in patients with TNBC and healthy
individuals were analysed by commercialized ELISA Kits. The
operational procedures were performed by the manufacturer’s
instructions. The results were performed by ELISA reader
system (Bio-Rad).

Histological staining
Tumour sections were frozen and sections were cut in a
cryostat after perfusion, fixation and cryoprotection. Freefloating sections were rinsed and placed in the solution with
the primary antibody of rabbit anti-human CEA (1:500,
ab133633, Abcam) for 12 h at 4°C. Tumour sections were the
stained horseradish peroxidase-conjugated anti-rabbit IgG
(1:10000, Bio-Rad, Hercules, CA, USA). The sections were
washed and observed by fluorescent video microscopy
(BZ-9000, Osaka, Japan). Immunohistochemical procedures
were previously reported in detail [11].

Figure 1. Expression levels of CEA in tumour tissues in patients with
TNBC. (A-C) Plasma levels of ER (A) PR (B) HER-2 (C) were
negative in patients with TNBC. (D) CEA expression levels were upregulated in TNBC tumour tissues determined by histopathologic
image.

Plasma levels of CEA in patients with TNBC
Plasma levels of CEA in patients with TNBC were investigated
prior and post treatment with NCRT. As illustrated in Figure
2A, patients with TNBC revealed higher plasma CEA levels in
TNBC patients compared to healthy individuals. Results
demonstrated that plasma levels of CEA were down-regulated
for patients after received NCRT (Figure 2B). These outcomes
indicate that plasma levels of CEA are up-regulated in patients
with TNBC, which are down-regulated by NCRT.

Statistical analysis
Continuous variables were shown as mean ± SD and analysed
by student’s t-test. All data were analysed using SPSS Statistics
19.0 and Graph pad Prism version 5.0 with the help of
Microsoft Excel. Allele and genotype frequencies were
calculated by using direct counting. Results of allele and
genotype frequencies were determined by STATA SE 12.1
software. *P<0.05 was considered statistical differences.

Results
Expression levels of CEA in tumour tissues in patients
with TNBC
We analysed plasma levels of ER, PR, HER-2 in patients with
TNBC. As shown in Figure 1A-1C, plasma ER, PR, HER-2
levels were negative in patients with TNBC. Expression levels
of CEA were analysed in tumour tissues in patients with
TNBC. Histopathologic image demonstrated that CEA
expression levels were up-regulated in TNBC tumour tissues
(Figure 1D). These outcomes suggest that expression levels of
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Figure 2. Plasma levels of CEA in patients with TNBC. (A) Patients
with TNBC have higher plasma CEA levels than healthy individuals.
(B) Plasma levels of CEA were down-regulated for patients after
received NCRT.

Association between plasma levels of CEA and
progression of patients with TNBC
We further analysed the association between plasma levels of
CEA and disease-free survival (DFS) in patients with TNBC
after received NCRT. Outcomes demonstrated that higher
plasma CEA levels presented shorter 5 y disease-free survival
(DFS) rates, while lower CEA levels showed a longer 5 y DFS
rate (Figure 3A). Outcomes also showed lower CEA levels
presented lower LRFS and DMFS for patients after NCRT at
the median of 60 months of follow-up (Figure 3B-3C). These
results plasma levels of CEA are associated with progression
of patients with TNBC after NCRT.
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progression of patients with TNBC after received NCRT. We
reported that plasma CEA levels were up-regulated in patients
with TNBC, which were down-regulated after received NCRT.
Findings indicate that expression levels of CEA were upregulated in tumour tissues in patients with TNBC, suggesting
plasma levels of CEA are associated with DFS, LRFS and
DMFS for patients with TNBC after NCRT.

Figure 3. Plasma levels of CEA is associated with progression of
TNBC patients. (A) Higher plasma CEA levels present shorter 5-year
disease-free survival (DFS) rates. (B-C) Higher plasma CEA levels
show lower LRFS (B) and DMFS (C) for patients after NCRT at the
median of 60 months of follow-up.

Association between plasma levels of CEA and
pathological factors in patients with TNBC
We investigated plasma levels of CEA and pathological factors
in patients with TNBC after received NCRT. We observed that
lower CEA levels presented smaller tumour mass (Figure 4).
Outcomes demonstrated that there was no correlation between
plasma CEA levels and clinical stage of TNBC. These results
suggest that plasma levels of CEA are associated with tumour
mass for patients with TNBC after received NCRT.

Currently, although surgery, radiotherapy, chemotherapy,
Chinese medicine treatment, biotherapy, target therapy and
other comprehensive treatments for human breast cancer, the 5
y overall survival is poor [15-17]. Hence, finding prognostic
factor for breast cancer may be contributed to evaluate the
progression after received chemoradiotherapy. Previous study
has showed that serum CEA levels were up-regulated in
patients with TNBC [18]. However, the prognostic role in the
progression of patients with TNBC has not analysed in
previous work. We indicated that plasma levels of CEA are
associated with tumour mass for patients with TNBC after
received NCRT, which further elaborated the potential function
of CEA for TNBC patients.
Currently, periodic measurement of serum CEA presents an
indicative function that can be regarded as postoperative
surveillance after breast cancer surgery [9]. Giovanella et al.,
have indicated that serum CEA may be a potential tumour
marker for breast cancer due to the up-regulation in the
diagnosis, prognostic evaluation and follow-up of breast cancer
patients [19]. Additionally, the relationship between circulating
CEA levels is a good prognostic marker for primary tumour
and metastases in breast cancer patients [7]. In this study, we
first analysed changes of plasma CEA levels in TNBC patients.
We reported that plasma levels of CEA are up-regulated in
patients with TNBC, which are down-regulated by NCRT. We
also indicated plasma CEA levels are associated with tumour
mass for patients with TNBC after received NCRT.
In conclusion, this study has revealed plasma CEA levels are
up-regulated in TNBC patients and the post-NCRT CEA
plasma levels may be a potential prognostic factor for DFS,
LRFS and DMFS in TNBC patients after received NCRT. We
indicated that plasma CEA levels are an independent
prognostic factor for progression of patients with TNBC after
NCRT. These outcomes would be helpful in diagnosing and
evaluating progression of TNBC patients who received NCRT.

Figure 4. Association between plasma levels of CEA and pathological
factors in patients with TNBC

Discussion
Clinical investigations have indicated that 5 y overall survival
ranges from 4-28% and recent reports suggested that the
relative proportion of breast carcinoma in young women is
growing, whom is frequently metastatic once diagnosis
[12,13]. Evidences have showed a significant relationship
between metastasis status and positive CEA levels, which
suggest that high CEA levels decreased sensitivity and
specificity for TNBC after received NCRT [14]. In this study,
we investigated the role of plasma CEA levels in the
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