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Abstract. The objective of this study was to investigate 
the association of serum cancer antigen  15-3  (CA  15-3) 
and carcinoembryonic antigen  (CEA) levels with clinico-
pathological parameters in patients diagnosed with metastatic 
breast cancer (MBC). We retrospectively evaluated the 
medical records of 284  patients diagnosed with MBC 
between January, 2007 and December, 2012 who fulfilled 
the specified criteria and the association between the levels 
of the two tumor marker and clinicopathological parameters 
was analyzed. Of the 284 patients, elevated CA 15-3 and 
CEA levels at initial diagnosis of recurrence were identified 
in 163 (57.4%) and 97 (34.2%) patients, respectively. Elevated 
CA 15-3 and CEA levels were significantly associated with 
breast cancer molecular subtypes  (P<0.001  and  P=0.032, 
respectively). Cases with luminal subtypes exhibited a higher 
percentage of elevated CA 15-3 and CEA levels compared to 
non-luminal subtypes. Elevated CA 15-3 level was correlated 
with bone metastasis (P=0.017). However, elevation of CEA 
was observed regardless of the site of metastasis. Elevation 
of CA 15-3 was significantly more common in MBC with 
multiple metastatic sites compared to MBC with a single 
metastasis (P=0.001). However, the incidence of elevated CEA 
levels did not differ between patients with a single and those 
with multiple metastatic sites. In conclusion, elevated CA 15-3 
and CEA levels at initial diagnosis of recurrence were found to 
be associated with breast cancer molecular subtypes, whereas 
an elevated CA 15-3 level was significantly correlated with 
bone metastasis and an elevated CEA level was observed 
regardless of metastatic site. The proportion of MBC cases 
with elevated CA 15-3 levels differed according to the number 
of metastatic sites.

Introduction

Breast cancer is one of the most frequently occurring malig-
nancies in China, with a steadily increasing incidence (1). 
Although the development of comprehensive therapy has 
reduced the mortality rate of breast cancer patients (2), regional 
and distant recurrences remain a major threat to breast cancer 
patients (3,4). Serum tumor markers have been widely used 
as non-invasive tools for measuring treatment response, early 
diagnosis of recurrence and predicting prognosis. In breast 
cancer, the most widely used serum tumor markers are cancer 
antigen 15-3 (CA 15-3) and carcinoembryonic antigen (CEA). 
Although CA 15-3 and CEA are not currently recommended 
as markers for breast cancer screening or therapeutic response 
monitoring according to the American Society of Clinical 
Oncology guidelines (5), CA 15-3 and CEA are the markers 
most widely used for surveillance purposes and monitoring of 
treatment response in clinical practice.

Previous studies have suggested that elevated serum levels 
of CA 15-3 and CEA preoperatively were significantly associ-
ated with tumor size, axillary node metastasis and advanced 
stage in the multivariate analysis; in addition, patients with 
elevated CA 15-3 and CEA levels exhibited a worse prognosis 
compared to those with normal levels of CA 15-3 and CEA, 
even in stage-matched analysis (6,7). Recent studies demon-
strated that serial determination of CA 15-3 and CEA levels 
during the postoperative follow-up of breast cancer patients 
may be useful for early detection of preclinical recurrence 
or metastatic disease (8,9). In addition, the serum levels of 
CA 15-3 and CEA may be used to predict response to chemo-
therapy in patients with metastatic breast cancer (MBC) (10). 
Similarly, a model for predicting disease progression using 
CA 15-3 and CEA in MBC patients without target lesions in 
first-line chemotherapy was suggested by Hashimoto et al (11), 
which delineated that evaluations of CA 15-3 and CEA at 
baseline contributed more significantly to the prediction of 
disease progression compared to other variables.

Despite continuous interest in this topic, only a limited 
number of studies have described the correlation of increased 
CA 15-3 and CEA levels at recurrence with clinicopatho-
logical parameters and specific sites of recurrence. A better 
understanding of the correlation between serum CA 15-3 
and CEA levels and the intrinsic biological characteristics of 
breast cancer may affect the selection of adjuvant therapy and 
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surveillance decisions and determine which investigations and 
therapies are appropriate upon diagnosis of distant disease.

In the present retrospective study, we analysed the associa-
tion of serum CA 15-3 and CEA levels with clinicopathological 
parameters in patients with MBC and determined whether 
the elevation of these two tumor markers is correlated with 
metastatic site(s).

Patients and methods

Patient selection. This study was reviewed and approved by 
the Institutional Review Board and Academic Committee of 
The First Affiliated Hospital of Wannan Medical College, 
Wuhu, Anhui, China. Eligible subjects were selected among 
breast cancer patients with distant metastases diagnosed 
between January, 2007 and December, 2012 at the Department 
of Medical Oncology. The inclusion criteria were as follows: 
ⅰ) Data on serum tumor markers CA 15-3 and CEA were avail-
able when patients were diagnosed with MBC; ⅱ) complete 
patient clinicopathological and demographic data, including 
age at diagnosis, tumor histology, biological marker status, 
estrogen receptor  (ER), progesterone receptor  (PR) and 
human epidermal growth factor receptor 2 (HER2) status; 
Ki-67 proliferation index; staging information and grade; and 
anatomical site of first distant metastasis. All the patients were 
staged according to the American Joint Committee on Cancer 
(AJCC, 7th edition) TNM staging system for breast cancer. 
Distant metastasis refers to the presence of breast cancer 
lesions at sites distant to the primary site. The sites of distant 
relapse were categorized as follows: bone, brain, liver, lungs, 
distant lymph nodes and pleura.

Tumor marker analysis. The concentration of serum CA 15-3 
and CEA levels were measured using chemiluminescent 
enzyme immunoassays (ADVIA Centaur; Siemens Medical 
Solutions Diagnostics, Tarrytown, NY, USA). The upper limits 
of normal for CA 15-3 and CEA were 31.3 U̸ml and 5 ng̸ml, 
respectively.

Immunohistochemistry. All the pathological speci-
mens were reviewed by two experienced pathologists. 
Immunohistochemical staining was performed for ER, PR, 
HER2 and Ki-67. ER and PR positivity were defined as any 
positive nuclear staining ≥10%. HER2 was determined initially 
by IHC and graded between 0 and 3+. HER2‑negative staining 
was defined as HER2 graded 0 or 1+; positive, as 3+; HER2 
scores of 2+ were determined as HER2‑negative or ‑positive 
according to the results of fluorescence in situ hybridization 
analysis.

In this study, breast cancer was classified into 5 subtypes 
based on the expression of ER, PR, HER2 and Ki-67 prolif-
eration index as follows: Luminal A, ER‑ and/or PR‑positive 
and Ki-67  <14%; luminal B, ER‑ and/or  PR‑positive and 
Ki-67  >14%; luminal̸HER2: ER‑ and/or PR‑positive and 
HER2‑positive; HER2‑enriched, ER‑ and PR‑negative and 
HER2‑positive; and triple‑negative (TN) subtype: ER-, PR- 
and HER2‑negative.

Statistical analysis. The percentages of patients with 
elevated CA  15-3 and CEA levels were compared across 

clinicopathological parameters using the Chi-square test or 
the Fisher's exact test, as appropriate; similar statistical tests 
were performed to compare the percentages of patients with 
CA 15-3 and CEA elevation by the first site(s) of metastasis or 
the number of metastatic sites. All the statistical assessments 
were two‑sided and statistical significance was set at P<0.05. 
Statistical analyses were performed with SPSS 17.0 software 
(SPSS, Inc., Chicago, IL, USA).

Results

Patient characteristics. The clinicopathological characteristics 
of 284 MBC patients are summarized in Table I. The median 
age of the subjects was 48 years (range, 31‑72 years). A total 
of 136 patients had a single metastatic site and 148 patients 
exhibited multiple metastatic sites. Patients with a single 
metastatic site were distributed as follows: 66, bone (23.2%); 
5, brain (1.8%); 14, liver (4.9%); 28, lung (9.9%); 16, distant 
nodes (5.6%); and 7, pleura (2.5%).

Incidence of CA  15-3 and CEA elevation based on 
clinicopathological characteristics. Elevated CA 15-3 and 
CEA levels at initial diagnosis of recurrence were identified in 
163 (57.4%) and 97 (34.2%) patients, respectively. Table II shows 
the correlation between serum CA 15-3 and CEA levels at initial 
diagnosis of recurrence and clinicopathological characteristics 
at the time of diagnosis of primary locoregional breast cancer 
(except for age and menopausal status, which were recorded 
at the time of first recurrence). Elevation of CA 15-3 and CEA 
levels at recurrence were only correlated with breast cancer 
molecular subtypes (P<0.001  and  P=0.032, respectively). 
Age, menopausal status, tumor size, nodal status, TNM stage 
and histology, however, were not associated with an increase 
in the serum levels of these tumor markers. The increase in 
CA 15-3 levels according to breast cancer subtypes was as 
follows: Luminal A, 65.9% (58/88); luminal B, 68.6% (59/86); 
luminal̸HER2, 62.2% (23/37); HER2‑enriched, 28.0% (7/25); 
and TN, 33.3% (16/48). An elevated CA 15-3 level was most 
commonly observed in the luminal subtypes and the incidence 
of CA 15-3 elevation was lower in the HER2‑enriched and 
TN subtypes. CEA elevation was observed in 35.1‑42.0% of 

Table I. Patient characteristics.

Characteristics	 Patient no. (n=284)	 %

Patients with a
single metastasis
  Bone	 66	 23.2
  Brain	   5	 1.8
  Liver	 14	 4.9
  Lung	 28	 9.9
  Distant nodal	 16	 5.6
  Pleural	   7	 2.5
No. of metastatic sites
  Single	 136	 47.9
  Multiple	 148	 52.1
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the luminal subtypes compared to only 16.0% (4/25) in the 
HER2‑enriched type and 20.8% (10/48) in TN cases (P=0.032).

CA 15-3 and CEA elevation according to site(s) of first distant 
metastasis. We further investigated the association between 
elevated CA 15-3 and CEA levels and specific site of first 
distant metastasis. A total of 136 patients presented with a 
single metastatic site. Of the 136 patients, elevated CA 15-3 and 
CEA levels at initial diagnosis of recurrence were identified in 
64 (47.1%) and 45 (33.1%) patients, respectively. Among the 
patients with a single metastasis to the bone, liver, lung, distant 
nodes or pleura, an increased CA 15-3 level at recurrence was 
correlated with bone metastasis (P=0.017). However, there was 
no significant association between CEA elevation and specific 
site of distant metastasis (Table III). The increase in serum 
CA 15-3 differed based on the number of metastatic sites. 
Among patients with multiple metastatic sites, the proportion 
of patients with an increased CA 15-3 level was 66.9%, which 

was statistically significantly different from the proportion of 
patients presenting with a single metastasis (47.1%; P=0.001). 
However, the incidence of elevated CEA levels did not differ 
significantly between patients with a single and those with 
multiple metastatic sites (Table Ⅳ).

Discussion

Breast cancer is a heterogeneous group of diseases that differ 
in their pathological and molecular characteristics and clinical 
behavior. Despite advances in treatment, 20‑30% of patients 
with early breast cancer eventually develop relapse with distant 
metastatic disease (2). The risk of recurrence is affected by 
stage at initial presentation and the underlying biology of the 
tumor. To improve early detection of recurrence and survival, 
CA 15-3 and CEA are widely used for the early diagnosis of 
metastatic disease in the clinical setting. During follow-up, 
CA 15-3 and CEA levels have been shown to detect 40-60% 

Table II. Correlation between serum CA 15-3 and CEA levels at initial diagnosis of recurrence and clinicopathological charac-
teristics.

	 CA 15-3 levels	 CEA levels
	 -------------------------------------------------------------------------------------------	 ----------------------------------------------------------------------------------------
	 Normal (%)	 Elevated (%)		  Normal (%)	 Elevated (%)
Characteristics	 (n=121)	 (n=163)	 P‑value	 (n=187)	 (n=97)	 P‑value

Age, years
  <40	   13 (35.1)	   24 (64.9)	 0.324	   21 (56.8)	 16 (43.2)	 0.211
  ≥40	 108 (43.7)	 139 (56.3)		  166 (67.2)	 81 (32.8)
Menopausal status
  Premenopausal	   57 (46.7)	   65 (53.3)	 0.224	   86 (70.5)	 36 (29.5)	 0.152
  Postmenopausal	   64 (39.5)	   98 (60.5)		  101 (62.3)	 61 (37.7)
Tumor size
  T1	   39 (45.9)	   46 (54.1)	 0.466	   62 (72.9)	 23 (27.1)	 0.099
  ≥T2	   82 (41.2)	 117 (58.8)		  125 (62.8)	 74 (37.2)
Nodal status
  N0	   54 (38.3)	   87 (61.7)	 0.145	   96 (68.1)	 45 (31.9)	 0.429
  ≥N1	   67 (46.9)	   76 (53.1)		    91 (63.6)	 52 (36.4)
TNM stage
  I	   27 (50.9)	   26 (49.1)	 0.253	   40 (75.5)	 13 (24.5)	 0.166
  II	   68 (42.8)	   91 (57.2)		    98 (61.6)	 61 (38.4)
  III	   26 (36.1)	   46 (63.9)		    49 (68.1)	 23 (31.9)
Histological grade
  I	   32 (45.1)	   39 (54.9)	 0.101	   50 (70.4)	 21 (29.6)	 0.607
  II	   31 (33.7)	   61 (66.3)		    58 (63.0)	 34 (37.0)
  III	   58 (47.9)	   63 (52.1)		    79 (65.3)	 42 (34.7)
Molecular subtype
  Luminal A	   30 (34.1)	   58 (65.9)	 <0.001	   51 (58.0)	 37 (42.0)	 0.032
  Luminal B	   27 (31.4)	   59 (68.6)		    53 (61.6)	 33 (38.4)
  Luminal/HER2	   14 (37.8)	   23 (62.2)		    24 (64.9)	 13 (35.1)
  HER2‑enriched	   18 (72.0)	     7 (28.0)		    21 (84.0)	   4 (16.0)
  TN	   32 (66.7)	   16 (33.3)		    38 (79.2)	 10 (20.8)

CA 15-3, cancer antigen 15-3; CEA, carcinoembryonic antigen; HER2, human epidermal growth factor receptor 2; TN, triple‑negative.
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of recurrences prior to clinical or radiological evidence 
of disease, with a lead time of 2‑18 months. The combined 
measurement of both serum markers allows early diagnosis of 
metastases in up to 60-80% of breast cancer patients (12,13). It 
was previously demonstrated that CA 15-3 and CEA levels are 
elevated in ~80 and 40%, respectively, of patients diagnosed 
with MBC (14,15). In the present study, elevated CA 15-3 and 
CEA levels at initial diagnosis of recurrence were identified in 
163 (57.4%) and 97 (34.2%) of the 284 patients, respectively, in 
accordance with previous findings.

Previous studies reported an association between 
elevated CA 15-3 levels and ER positivity, namely that the 

incidence of increased CA 15-3 levels was higher in patients 
with ER‑positive primary tumors compared to those with 
ER‑negative tumors (9,16). Our results indicated that CA 15-3 
and CEA elevation at initial diagnosis of MBC were associated 
with breast cancer molecular subtypes (P<0.001 and P=0.032, 
respectively). Elevated CA 15-3 and CEA levels were most 
commonly observed in luminal subtypes, whereas the 
incidence of CA 15-3 and CEA elevation was lower in the 
HER2‑enriched and TN subtypes. The reason for this differ-
ence has not been fully elucidated. According to a previous 
study (17), the expression patterns of luminal, HER2‑enriched 
and basal-like tumors are closely associated with mature 

Table Ⅳ. Correlation between CA 15-3 and CEA elevation and number of metastatic sites.

	 CA 15-3 levels	 CEA levels
No. of	 ------------------------------------------------------------------------------------------------	 -----------------------------------------------------------------------------------------------
metastatic	 Normal (%)	 Elevated (%)		  Normal (%)	 Elevated (%)
sites	 (n=121)	 (n=163)	 P‑value	 (n=187)	 (n=97)	 P‑value

Single	 72 (52.9)	 64 (47.1)	 0.001	 91 (66.9)	 45 (33.1)	 0.716
Multiple	 49 (33.1)	 99 (66.9)		  96 (64.9)	 52 (35.1)

CA 15-3, cancer antigen 15-3; CEA, carcinoembryonic antigen.

Table III. Correlation between CA 15-3 and CEA elevation and site of first distant metastasis in patients with single metastasis.

	 CA 15-3 levels	 CEA levels
	 -------------------------------------------------------------------------------------------	 ------------------------------------------------------------------------------------------
Metastatic	 Normal (%)	 Elevated (%)		  Normal (%)	 Elevated (%)
sites	 (n=72)	 (n=64)	 P‑value	 (n=91)	 (n=45)	 P‑value

Bone
  (+)	 28 (42.4)	 38 (57.6)	 0.017	 40 (60.6)	 26 (39.4)	 0.129
  (-)	 44 (62.9)	 26 (37.1)		  51 (72.9)	 19 (27.1)

Brain
  (+)	   1 (20.0)	   4 (80.0)	 0.187	   2 (40.0)	   3 (60.0)	 0.332
  (-)	 71 (54.2)	 60 (45.8)		  89 (67.9)	 42 (32.1)

Liver
  (+)	   5 (35.7)	   9 (64.3)	 0.173	   6 (42.9)	   8 (57.1)	 0.069
  (-)	 67 (54.9)	 55 (45.1)		  85 (69.7)	 37 (30.3)

Lung
  (+)	 11 (39.3)	 17 (60.7)	 0.104	 15 (53.6)	 13 (46.4)	 0.092
  (-)	 61 (56.5)	 47 (43.5)		  76 (70.4)	 32 (29.6)

Distant nodes
  (+)	   8 (50.0)	   8 (50.0)	 0.802	 11 (68.7)	   5 (31.3)	 0.868
  (-)	 64 (53.3)	 56 (46.7)		  80 (66.7)	 40 (33.3)

Pleura
  (+)	   2 (28.6)	   5 (71.4)	 0.253	   3 (42.9)	   4 (57.1)	 0.219
  (-)	 70 (54.3)	 59 (45.7)		  88 (68.2)	 41 (31.8)

CA 15-3, cancer antigen 15-3; CEA, carcinoembryonic antigen.
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luminal, luminal progenitor and the basal stem̸progenitor cells 
of normal breast tissue, respectively. Based on that finding, it 
is hypothesized that less differentiated subtypes lack certain 
circulating antigens. Luminal subtypes are characterized by 
a high expression of hormone receptor (HR)‑related genes, 
whereas HER2‑enriched or basal‑like subtypes exhibit a low 
expression of HR‑related genes (18), indicating an association 
between CA 15-3 and CEA elevation and HR expression. In 
addition, a greater proportion of patients with preoperatively 
elevated tumor marker levels exhibited a more prominent 
elevation of tumor markers at recurrence compared to those 
without preoperatively elevated marker levels  (19). The 
measurement of serum tumor markers is relatively easy and 
cost‑effective. The incidence of the increase in CA 15-3 and 
CEA levels according to breast cancer molecular subtype may 
be useful in clinical practice.

As regards the correlation between marker levels and 
metastatic site(s), the results thus far have been conflicting: 
Tampellini et al (16) reported that increased CA 15-3 levels 
were found more frequently in patients with liver metastases 
and in those with pleural effusion. Yerushalmi  et  al  (20) 
did not identify significant differences in CA  15-3 and 
CEA levels between different sites of metastasis, whereas 
al-Jarallah et al  (21) reported that the highest proportions 
of elevated CA 15-3 levels were found in patients with bone 
metastases and the highest proportions of elevated CEA 
levels in patients with lung, bone or liver metastases. Our 
study demonstrated that the elevation CA 15-3 at recurrence 
was correlated with bone metastasis (P=0.017), whereas an 
elevated CEA level was observed regardless of metastatic site 
(P>0.05). Further studies, investigating the effect of metastatic 
site on CA 15-3 and CEA elevation, are required. Increased 
CA 15-3 was significantly more common in patients with 
≥2 metastatic sites compared to MBC with a single metastasis, 
in agreement with previously reported findings (19,22). The 
significantly elevated CA 15-3 levels observed in cases with 
multiple metastases may reflect tumor burden.

In conclusion, CA 15-3 and CEA level elevation at initial 
diagnosis of recurrence were found to be associated with 
breast cancer molecular subtype. These serum tumor markers 
are frequently increased in the luminal subtypes of breast 
cancer. In addition, an elevated CA 15-3 level was correlated 
with bone metastasis, whereas elevated CEA was observed 
regardless of metastatic site. The elevation in CA 15-3 levels 
also differed according to the number of metastatic sites.
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