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Purpose. The prognostic role of serum cancer antigen 15-3 (CA15-3) and carcinoembryonic antigen (CEA) in breast cancer
remains controversial. In this study, we conducted a meta-analysis to investigate the prognostic value of these two markers in
breast cancer patients. Methods. After electronic databases were searched, 36 studies (31 including information regarding CA15-
3 and 23 including information regarding CEA) with 12,993 subjects were included. Based on the data directly or indirectly
from the available studies, the hazard ratios (HRs) and odds ratios (ORs) and their 95% confidence intervals (CIs) were pooled
according to higher or lower marker levels. Results. Elevated CA15-3 or CEA was statistically significant with poorer DFS
and OS in breast cancer (multivariate analysis of OS: HR= 2.03, 95% CI 1.76–2.33 for CA15-3; HR= 1.79, 95% CI 1.46–2.20 for
CEA; multivariate analysis of DFS: HR= 1.56, 95% CI 1.06–1.55 for CA15-3; HR= 1.77, 95% CI 1.53–2.04 for CEA). Subgroup
analysis showed that CA15-3 or CEA had significant predictive values in primary or metastasis types and different cut-offs
and included sample sizes and even the study publication year. Furthermore, elevated CA15-3 was associated with
advanced histological grade and younger age, while elevated CEA was related to the non-triple-negative tumor type and
older age. These two elevated markers were all associated with a higher tumor burden. Conclusions. This meta-analysis
showed that elevated serum CA15-3 or CEA was associated with poor DFS and OS in patients with breast cancer, and
they should be tested anytime if possible.

1. Introduction

Breast cancer has the highest incidence rate and second
highest mortality rate among female cancers [1]; thus, its
survival prognosis concerns doctors and patients. Prognos-
tic factors are those clinicopathological parameters that are
associated with tumor outcomes. In breast cancer, the
most used prognostic factors include patient characteristics
(age and menstrual status), tumor features (tumor size,
node status, and TNM stage), tumor tissue markers
(estrogen receptor, progesterone receptor, HER-2 status,
and ki-67 status), and genetic markers (BRCA1/2) [2–8].
Using prognostic factors alone or combined to predict a
worse outcome of patients and take advanced treatment

early may improve patient survival. Identifying more avail-
able and convenient factors is very important.

Serum markers can be easily achieved, and they play an
important role in many malignant tumors [9–11], but their
role in breast cancer remains controversial. There is some
correlation between tumor markers and tumor clinicopathol-
ogy [12], and when the acquisition of tissue specimens is not
available, in some cases, these markers may offer useful infor-
mation about the phenotype of the breast cancer at an early
stage [13]. Serum tumormarkers in breast cancer include can-
cer antigen 15-3 (CA15-3), cancer antigen 27.29 (CA27.29),
carcinoembryonic antigen (CEA), tissue polypeptide anti-
gen (TPA), circulating extracellular domain of HER-2,
and tissue polypeptide-specific antigen (TPS) [14, 15].
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Among these, CA15-3 and CEA are the most used and
recommended markers. The prognostic value of CA15-3
had been approved by some studies [16–18], while other
studies reported negative results [19–21]. Ebeling et al. in
a study of 1046 patients reported CA15-3 in univariate
but not in multivariate analysis to be a predictor of a
worse outcome [22]. In a review article, Duffy collected
at least 10 studies and descriptively indicated that higher
CA15-3 may be associated with a poor outcome but did
not perform pooled analysis to confirm the results [14].
CEA is less widely investigated as a prognostic factor than
CA15-3 because it has a less positive rate and is more
controversial. Some studies have reported that CEA is
not a predictor in primary and metastasis breast cancer
[20, 21, 23, 24], but others have reported that high con-
centrations of CEA were related to a poor prognosis in
breast cancer [17, 25, 26]. These above contradictory
results of CA15-3 and CEA in breast cancer regarding
their prognostic value may be due to small sample sizes,
variable study designs, or other biases in each single study.
We searched and combined available studies in this meta-
analysis to explore the prognostic role of CA15-3 and CEA
in breast cancer as well as their relationship with tumor
clinicopathological factors, hoping to help medical workers
affirm and properly use these two serum markers.

2. Materials and Methods

2.1. Search Strategy. We performed a systematic literature
search using PubMed, Embase, and Web of Science. The
search strategy terms are as follows: “CA15-3” (e.g., “cancer
antigen 15-3,” “carbohydrate antigen 15-3,” and “cancer
associated antigen 15-3”), “CEA” (e.g., “carcinoembryonic
antigen,” “carcino-embryonic antigen,” and “carcino embry-
onic antigen”), “prognosis” (e.g., “outcome,” “survival,”
“prognostic,” “mortality,” and “recurrence”), and “breast
cancer” (e.g., “breast neoplasms” and “breast carcinoma”).
The search was updated to July 15, 2017. The relevant articles
were also manually checked.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
for this meta-analysis were as follows: (i) the diagnosis of
breast cancer was defined based on pathological results, (ii)
CEA and CA15-3 were derived from a serum test, (iii) the
correlation of serum CEA and/or CA15-3 with overall sur-
vival (OS) and/or disease-free survival (DSS) and/or
disease-free survival (DFS) and/or progression-free survival
(PFS) was reported, and (iv) hazard ratios (HRs) and 95%
confidence intervals (CIs) can be directly or indirectly
received. The exclusion criteria were as follows: (i) abstracts,
letters, reviews, case reports, proficient opinions; (ii) litera-
ture not written in English; (iii) studies without hazard ratios
(HRs) and 95% CIs; (iv) studies with duplicate data with few
cases; and (v) nonhuman studies.

2.3. Data Extraction. We extracted data by two independent
authors and through discussion or consensus with a third
author regarding controversial data. The following items
were recorded from each study: name of the first author,

publication year, country, data inclusion criteria of each
study, overall sample size, mean age and follow-up time of
patients, tumor data of the TNM stage, time of serum sample
collection, cut-off values of CEA and/or CA15-3 and the
associated clinicopathological factors, and survival data,
including HRs with 95% CIs. We used the Newcastle–Ottawa
Scale (NOS) to assess the quality of each study by two
authors. The scores included three parts: the selectivity of
patients (0–4), comparability of groups (0–2), and assessment
of outcome (0–3). Studies with scores> 5 were considered
high quality.

2.4. Statistical Analysis. We directly obtained all multivariate
data and some univariate data of HRs and 95% CIs from the
literature. Few univariate data were estimated according to
the methods illustrated by Parmar et al. and Tierney et al.
using Engauge 4.0 and an HR calculation spreadsheet [27,
28]. HR> 1 indicated a worse prognosis in breast cancer
patients. All the studies with HRs and 95% CI were classified
into three groups (studies with primary TNMs I–III to group
1; studies with metastatic breast cancer to group 2; and stud-
ies with primary TNMs I–IV or unclear stage into group 3),
and the pooled results included all the three study groups.
The relationship between CEA and/or CA15-3 with clinico-
pathological parameters was determined using ORs and
95% CIs.

In this meta-analysis, Cochran’sQ test was undertaken to
assess the heterogeneity. All the studies first used fixed-effect
(Mantel–Haenszel method) models to calculate the pooled
results, but if (heterogeneity p value) Ph< 0.1 or I2> 50%,
which suggested significant heterogeneity, we changed to
a more conservative random-effect (DerSimonian–Laird
method) model to confirm the results. Subgroup analysis
was conducted to explore and explain the heterogeneity.
Publication bias was first assessed by Begg’s funnel plot,
and the result of pr> |z|> 0.05 was regarded as no publication
bias. If bias was not certain, Egger’s bias indicator test was
used to reconfirm. Results with p < 0 05 were considered
statistically significant, and all the results were two sided.

3. Results

3.1. Study Characteristics. The initial search information
retrieved 751 articles. After careful inspection, 36 studies pub-
lished between 1986 and 2017 that comprised 12,993 breast
cancer patients met our inclusion criteria and were finally
included in this meta-analysis [3, 13, 16–21, 23–26, 29–52].
The specific processes of the literature selection are shown in
Figure 1. Among them, 18 studies were from Europe and the
United States, 14 studies were from Asia, and 4 studies were
from Africa. Twenty-eight studies concerned the initial treat-
ment of breast cancer patients, and eight were focused on
metastatic breast cancer patients. Twenty-four studies col-
lected serum specimens before treatment, and twelve studies
collected serumspecimens after surgery or at the timeof recur-
rence andmetastases. Thirty-one studies provided the survival
information of serum CA15-3, and its cut-off values ranged
from 20.11 to 77U/ml; meanwhile, twenty-three studies
provide the survival information of serum CEA, and its
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cut-off values ranged from 2.5 to 20 ng/ml. Clinicopathol-
ogy information correlated with serum CA15-3 or CEA
could be extracted from sixteen studies. Further informa-
tion of articles in this study is shown in Table 1.

3.2. CA15-3 and DFS in Breast Cancer. Fourteen studies pro-
vided univariate HRs and 95% CIs of DFS according to the
cut-off value of serum CA15-3 (Figure 2(a)). Combined data
from the fourteen studies showed that higher CA15-3 was
significantly corrected with poor DFS with a pooled univari-
ate HR of 2.61 (95% CI: 2.17–3.13) with significant hetero-
geneity (I2 = 50%, Ph= 0.02, random effects model). Ten
studies provided multivariate HR and 95% CI information
of DFS concerning CA15-3 (HR=1.56, 95% CI: 1.38–1.76,
I2 = 31%, Ph=0.16, fixed-effect model; Figure 3(a)). Only
one study was included in group 2, and it showed that
CA15-3 was not an independent prediction factor for DFS
in metastatic breast cancer (group 2: HR=1.28; 95% CI
0.43–3.80; p = 0 65). Among the fourteen studies, two studies
reported the results of PFS that was the result of group 2,
which showed that HR was 2.00 (95% CI: 1.46–2.74) for
PFS without significant heterogeneity (I2 = 0%, Ph=0.69).
In multivariate subgroup analysis, the results in European
countries and the United States, compared with those in
Asian and African countries, showed significant subgroup
heterogeneity and lower cut-off values in pretreatment
patients had higher prognostic values (Table 2).

3.3. CA15-3 and OS in Breast Cancer. Twenty-one studies
had extractable univariate OS HR data concerning CA15-3
(Figure 2(b)). Elevated CA15-3 indicated a shorter OS
(HR=2.86, 95% CI: 2.31–3.54, p < 0 001) with obvious
heterogeneity (I2 = 72%, Ph< 0.001, random-effect model).
Heterogeneity was significantly different among the three

groups as the pooled HR was the lowest in group 2 (group
1: HR=2.95, 95% CI 2.28–3.82, I2 = 22%, Ph=0.26; group
2: HR=1.79, 95% CI 1.51–2.12, I2 = 0%, Ph=0.66; group 3:
HR=3.87, 95% CI 2.74–5.46, I2 = 74%, Ph=0.0003). Stratifi-
cation by ethnicity found that CA15-3 was a negative
predictor for OS in both European countries and the United
States (HR=2.35, 95% CI: 1.74–3.18, p < 0 001) and in Asian
and African countries (HR=3.50, 95% CI: 2.59–4.71,
p < 0 001). Fifteen studies reported multivariate data of OS
(Figure 3(b)). Elevated CA15-3 was an independent progno-
sis predictor for OS in breast cancer with a merged HR of
2.03 (95% CI: 1.76–2.33, p < 0 001), and heterogeneity was
not significant (I2 = 0%, Ph=0.45). Among these three
groups, no significant heterogeneity was seen. The subgroup
analysis results are shown in Table 2.

3.4. CEA and DFS in Breast Cancer. The univariate HR of ten
studies and multivariate HR of nine studies of CEA and DFS
could be obtained. Pooled univariate data showed that
high CEA was associated with worse DFS with HR=2.60
(95% CI: 2.23–3.04; no significant heterogeneity I2 = 0%,
Ph=0.91, fixed-effect model; Figure 2(c)). The meta-
analysis of multivariate data indicated that CEA was an inde-
pendent predictor for DFS with a HR of 1.77 and the 95% CI
ranging from 1.53 to 2.04 (no significant heterogeneity
I2 = 0%, Ph=0.82, fixed-effect model; Figure 3(c)). There
was no heterogeneity among the three groups in either
univariate or multivariate analysis.

3.5. CEA and OS in Breast Cancer. Meta-analysis of sixteen
univariate HR results showed that breast cancer patients with
higher CEA levels were significantly associated with shorter
OS (HR=2.46, 95% CI: 1.93–3.15, p < 0 001; heterogeneity:
I2 = 70%, Ph< 0.001; random-effect model; Figure 2(d)).

Records identified through database (n = 1002)

Records a�er duplicates removed (n = 751)

Articles for further evaluation (n = 232)

Articles for full text evaluation (n = 66)

Studies included in this meta-analysis (n = 36)

Records excluded a�er title and abstract
reviewed (n = 519)

Excluding abstracts, letters, reviews, case
reports, animal studies, editorials, and
artcicles not written in English (n = 166)

Study reported vague data (n = 1)
Study reported duplicate data (n = 1)

Study reported CEA and CA15-3 in tissue
(n = 1)

Studies not providing enough data for
estimating the HR and 95% Cl (n = 27)

Figure 1: Flow chart of the included studies.
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1. Group 1
Canizares 2001
Di Gioia 2015
Martin 2006
Nisman 2013
Park 2008
Rasmy 2016
Shao 2015
Shering 1998
Wu 2014
Subtotal (95% CI)
Heterogeneity: tau2 =  0.02; chi 2 =  10.17, df =  8 ( p  =  0.25); I2 =  21%
Test for overall effect: Z  =  10.19 (p  < 0.00001) 
2. Group 2
Turanli 2010
Zhao 2011

Heterogeneity: tau2 =  0.00; chi2 =  0.15, df =  1 ( p  =  0.69); I2 =  0%
Test for overall effect: Z  =  4.34 ( p  < 0.0001) 

3. Group 3
Dai 2016
Molina 1998

Heterogeneity: tau2 =  0.25; chi2  =  11.07, df =  2 (p  =  0.004); I2  =  82%
Test for overall effect: Z  =  3.31 (p  =  0.0009)

Uehara 2008

Heterogeneity: tau2 =  0.06; chi2 =  26.23, df =  13 (p  =  0.02); I2 =  50%
Test for overall effect: Z  =  10.27 (p  <  0.00001) 

Total (95% Cl)

Test for subgroup differences: Chi 2 =  2.10, df =  2 ( p  =  0.35); I2 =  4.8%

SE Weight (%)
Hazard ratio

 IV, random, 95% Cl
Hazard ratio

IV, random, 95% Cl

0.1717
0.3584
0.1512
0.4634
0.2773
0.5232
0.1868
0.2261

0.319

10.2
4.7

11.0
3.2
6.5
2.6
9.6
8.1
5.5

61.5

2.24 [1.60, 3.14]
3.21 [1.59, 6.48]
2.34 [1.74, 3.15]

6.20 [2.50, 15.38]
3.22 [1.87, 5.55]
1.45 [0.52, 4.04]
2.87 [1.99, 4.14]
1.84 [1.18, 2.87]
3.42 [1.83, 6.39]

2.57 [2.14, 3.08]

0.1862
0.3144

9.6
5.6

15.2

1.93 [1.34, 2.78]
2.23 [1.20, 4.13]

2.00 [1.46, 2.74]

0.2027
0.3119

8.9
5.7
8.7

2.59 [1.74, 3.85]
1.64 [0.89, 3.02]
5.19 [3.45, 7.81]

23.4 2.88 [1.54, 5.41]
0.2084

100.0 2.61 [2.17, 3.13]

0.01 0.1 1 10 100

Subtotal (95% CI)

Subtotal (95% CI)

(a)

1. Group 1
Canizares 2001
Kacan 2016
Park 2008
Rasmy 2016
Shao 2015
Shering 1998
Wu 2014
Subtotal (95% CI)
Heterogeneity: tau2 =  0.03; chi2 =  7.65, df =  6 ( p  =  0.26); I2 =  22%
Test for overall effect: Z  =  8.18 (p  < 0.00001) 
2. Group 2
Albuquerque 1995
Berruti 1994

Heterogeneity: tau2 =  0.00; chi2 =  3.29, df =  5 ( p  =  0.66); I2 =  0%
Test for overall effect: Z  =  6.79 ( p  < 0.00001) 
3. Group 3

Dai 2016
Duffy 2004

Heterogeneity: tau2 =  0.17; chi2 =  27.37, df =  7 ( p  =  0.0003); I2 =  74%
Test for overall effect: Z  =  7.67 ( p  <  0.00001) 

Heterogeneity: tau2 =  0.16; chi2 =  72.08, df =  20 ( p  <  0.00001); I2 =  72%
Test for overall effect: Z  =  9.66 ( p  <  0.00001) 

Total (95% Cl)

Test for subgroup differences: chi2 =  20.76, df =  2 ( p  <  0.0001); I2 =  90.4%

James 2003
Lee 2013
Nieder 2015
Turanli 2010

Chen 2015

Elfagieh 2012
Kumpulainen 2002
Nakamura 2017
Uehara 2008
Velaiutham 2008

SE Weight (%)
Hazard ratio

 IV, random, 95% Cl

0.2133
0.2852
0.4957
0.7433
0.2321
0.2661
0.3906

5.8
5.0
2.9
1.7
5.6
5.2
3.8

30.1

1.99 [1.31, 3.02]
3.97 [2.27, 6.94]

3.91 [1.48, 10.33]
3.52 [0.82, 15.11]

3.01 [1.91, 4.74]
2.40 [1.42, 4.04]

5.29 [2.46, 11.37]
2.95 [2.28, 3.82]

0.3198
0.3084

0.223
0.1221
0.6883
0.1931

4.6
4.7
5.7
6.9
1.9
6.1

1.31 [0.70, 2.45]
2.69 [1.47, 4.92]
1.61 [1.04, 2.49]
1.88 [1.48, 2.39]
1.58 [0.41, 6.09]
1.65 [1.13, 2.41]

29.9 1.79 [1.51, 2.12]

0.5586
0.2046
0.1693
0.5461
0.2646

0.1852

2.5
6.0
6.4
2.6
5.2

6.2

5.17 [1.73, 15.45]
2.63 [1.76, 3.92]
2.16 [1.55, 3.01]
2.48 [0.85, 7.22]

7.24 [4.31, 12.16]
5.16 [3.28, 8.12]

5.6
3.22 [2.24, 4.63]

0.2365
40.1x

6.20 [3.90, 9.86]
3.87 [2.74, 5.46]

0.2312 5.6

100.0 2.86 [2.31, 3.54]

Hazard ratio
IV, random, 95% Cl

0.01 0.1 1 10 100

Subtotal (95% CI)

Subtotal (95% CI)

(b)

1.Group 1
Canizares 2001
Hewala 2013
Park 2008
Richard 1988
Shao 2015
Wu 2014
Subtotal (95% CI)
Heterogeneity: chi2 =  4.47, df =  5 ( p  =  0.48); I2 =  0%
Test for overall effect: Z  =  8.93 ( p  < 0.00001) 
2. Group 2
Zhao 2011

Heterogeneity: not applicable
Test for overall effect: Z  =  2.71 ( p  = 0.007) 

3. Group 3
Dai 2016
Molina 1998

Heterogeneity: chi2 =  0.44, df =  2 ( p  =  0.80); I2 =  0%
Test for overall effect: Z  =  7.59 (p  <  0.00001) 

Uehara 2008

Heterogeneity: chi2 =5.  75, df  =  9 ( p  =  0.76); I2 =  0%
Test for overall effect: Z  =  12.00 (p  <  0.00001) 

Total (95% Cl)

Test for subgroup differences: chi2 =  0.84, df =  2 ( p  =  0.66); I2 =  0%

SE Weight (%)
Hazard ratio

 IV, fixed, 95% Cl

0.198
0.6549
0.2784
0.5125
0.2097

16.2
1.5
8.2
2.4

14.5
4.9

2.27 [1.54, 3.35]
3.92 [1.09, 14.15]

3.40 [1.97, 5.87]
2.18 [0.80, 5.95]
2.67 [1.77, 4.03]
4.83 [2.39, 9.76]

47.7 2.80 [2.24, 3.52]
0.359

6.6 2.31 [1.26, 4.24]
6.6

0.3093
2.31 [1.26, 4.24]

0.2589
0.2416
0.1586

9.5
10.9
25.3

2.41 [1.45, 4.01]
2.81 [1.75, 4.51]
2.32 [1.70, 3.17]

45.6 2.45 [1.94, 3.09]

100.0 2.60 [2.23, 3.04]

Hazard ratio
IV, fixed, 95% Cl

0.01 0.1 1 10 100

Subtotal (95% CI)

Subtotal (95% CI)

(c)

1. Group 1
Canizares 2001
Kacan 2016

Park 2008
Richard 1988
Shao 2015
Wu 2014

Heterogeneity: tau 2 =  0.06; chi2 =  9.01, df  =  6 ( p  =  0.17); I2 =  33%
Test for overall effect: Z  =  7.83 (p  < 0.00001) 

3. Group 3
Dai 2016
Elfagieh 2012

Heterogeneity: tau2 =  0.05; chi 2 =  6.94, df  =  4 ( p  =  0.14); I2 =  42%
Test for overal effect: Z  =  5.74 (p  <  0.00001) 

Uehara 2008

Heterogeneity: tau2 =  0.15; chi2 =  50.46, df =  15 (p  <  0.0001); I 2 =  70%
Test for overall effect: Z  =  7.18 (p  <  0.00001) 

Total (95% Cl)

Test for subgroup differences: chi2 =  25.03, df =  2 ( p  =  0.00001); I2 =  92.0%

Nishimiya 2014

2. Group 2
Albuquerque 1995

Heterogeneity: tau2 =  0.00; chi2 =  2.89, df  =  3 ( p  =  0.41); I2 =  0%
Test for overall effect: Z  =  4.60 (p  < 0.00001) 

James 2003
Lee 2013
Loprinzi 1986

Nakamura 2017
Nan 2017

SE Weight (%)
Hazard ratio

 IV, random, 95% Cl

0.2362
0.3537

0.353
0.4616
0.5192

7.6
5.7
5.7
4.3
3.8
7.2

2.51 [1.58, 3.99]
3.22 [1.61, 6.44]

7.35 [3.68, 14.38]
3.88 [1.57, 9.59]
2.38 [0.86, 6.59]
3.40 [2.04, 5.67]

3.4 7.68 [2.55, 23.13]
0.2606
0.5625

37.8 3.68 [2.65, 5.09]

1.04 [0.62, 1.74 ]
1.51 [1.06, 2.15]
1.70 [1.32, 2.19]
1.42 [0.87, 2.32]
1.52 [1.27, 1.82]

0.2639
0.1805
0.1219

0.25

7.2
8.6
9.4
7.4

32.6

2.29 [1.38, 3.82 ]
1.91 [0.81, 4.53]
3.92 [2.56, 6.00]

12.12 [0.75, 195.20]
2.16 [1.61, 2.90]

0.2602
0.4405
0.2174
0.4178

7.2
4.6
8.0
0.7
9.10.1499

29.6 2.61 [1.88, 3.62]

100.0 2.46 [1.93, 3.15]

Hazard ratio
IV, random, 95% Cl

0.01 0.1 1 10 100

Subtotal (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

(d)

Figure 2: Meta-analysis of the univariate result associations between CA15-3/CEA and OS/DFS of breast cancer. The results are presented as
an individual and pooled HR and 95% CI: (a) DFS of CA15-3; (b) OS of CA15-3; (c) DFS of CEA; (d) OS of CEA.
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1. Group 1
Di Gioia 2015
Martin 2006
Nisman 2013
Park 2008
Shao 2015
Shering 1998
Wu 2014
Subtotal (95% CI)
Heterogeneity: chi2 = 4.36, df = 6 (p = 0.63); I2 = 0%
Test for overall effect: Z  = 7.16 (p < 0.00001)

2. Group 2
Zhao 2011
Subtotal (95% Cl)
Heterogeneity: not applicable
Test for overall effect: Z  = 0.45 (p = 0.65)

3. Group 3
Dai 2016
Molina 2010
Subtotal (95% Cl)
Heterogeneity: chi2 = 1.66, df = 2 (p = 0.20); I2 = 40%
Test for overall effect: Z  = 2.57 (p = 0.01)

Heterogeneity: chi2 = 13.13, df = 9 (p = 0.16); I2 = 31%
Test for overall effect: Z  = 7.14 (p < 0.00001)

Total (95% Cl)

Test for subgroup differences: chi 2 = 7.11, df = 2 (p = 0.03); I2 = 71.9%

Hazard ratio
IV, fixed, 95% ClSE Weight (%)

Hazard ratio
IV, fixed, 95% Cl

0.1489
0.202

0.5491
0.2939
0.1876
0.2065
0.2782

17.5
9.5
1.3
4.5

11.0
9.1
5.0

57.8

1.62 [1.21, 2.17]
1.60 [1.08, 2.38]

4.40 [1.50, 12.91]
2.09 [1.18, 3.73]
2.01 [1.39, 2.91]
1.67 [1.11, 2.50]
1.98 [1.15, 3.42]

1.80 [1.53, 2.11]

0.5542 1.3
1.3

1.28 [0.43, 3.80]
1.28 [0.43, 3.80]

0.3368 7.5
33.4

 1.67 [1.07, 2.61 ]
1.21 [0.98, 1.49]

41.0 1.28 [1.06, 1.55]
0.1076

100.0 1.56 [1.38, 1.76]

0.01 0.1 1 10 100

(a)

1. Group 1
Kacan 2016

Park 2008
Shao 2015
Shering 1998
Wu 2014
Subtotal (95% CI)
Heterogeneity: chi2 = 2.09, df = 5 (p = 0.84); I2 = 0%
Test for overall effect: Z  = 4.60 (p < 0.00001)

2. Group 2
Berruti 1994

Subtotal (95% Cl)
Heterogeneity: chi2 = 0.49, df = 2 (p = 0.78); I2 = 0%
Test for overall effect: Z  = 5.24 (p < 0.00001)

3. Group 3
Dai 2016
Duffy 2004

Subtotal (95% Cl)
Heterogeneity: chi2 = 9.44, df = 5 (p = 0.09); I2 = 47%
Test for overall effect: Z  = 7.00 (p < 0.00001)

Heterogeneity: chi2 = 14.02, df = 14 (p = 0.45); I2 = 0%
Test for overall effect: Z  = 9.78 (p < 0.00001)

Total (95% Cl)

Test for subgroup differences chi 2 = 1.99, df = 2 (p =  0.37); I2 = 0%

Darlix 2016
Lee 2013

Kumpulainen 2002
Molina 2010
Velaiutham 2008

0.3251
0.3851
0.4441
0.3965
0.2733
0.3505

4.9
3.5
2.6
3.3
7.0
4.2

25.6

1.91 [1.01, 3.61]
1.17 [0.55, 2.49]
2.09 [0.88, 5.00]
2.32 [1.07, 5.04]
2.09 [1.22, 3.57]
2.12 [1.07, 4.21]

1.93 [1.46, 2.55]

0.3653
0.203

0.1554

3.9
12.6
21.6

2.21 [1.08, 4.52]
1.95 [1.31, 2.90]
1.73 [1.27, 2.34]

38.1 1.85 [1.47, 2.32]

0.2311
0.2477
0.2969

0.4005

9.8
8.5
5.9

3.2

1.69 [1.08, 2.66]
1.95 [1.20, 3.17]

2.01 [1.19, 3.39]
5.70 [2.60, 12.50]

2.83 [0.91, 8.77]1.60.5772
36.3 2.31 [1.83, 2.93]

0.2674 7.3

100.0 2.03 [1.76, 2.33]

0.01 0.1 1 10 100

Wang 2014

Nishimiya 2014

3.40 [1.90, 6.08]

SE Weight (%)
Hazard ratio

IV, fixed, 95% Cl
Hazard ratio

IV, fixed, 95% Cl

(b)

1. Group 1
Kacan 2016
Nishimiya 2014
Park 2008
Shao 2015
Wu 2014
Subtotal (95% CI)
Heterogeneity: chi2 = 2.07, df = 4 (p = 0.72); I2 = 0%
Test for overall effect: Z  = 6.04 (p < 0.00001)

2. Group 2

Zhao 2011
Subtotal (95% Cl)

Test for overall effect: Z  = 2.82 (p = 0.005)

3. Group 3
Dai 2016
Molina 2010
Subtotal (95% Cl)
Heterogeneity: chi2 = 0.34, df = 1 (p = 0.56); I2 = 0%
Test for overal effect: Z =  4.20 (p < 0.0001)

Heterogeneity: chi2 = 0.34, df = 1 (p = 0.56); I2 = 0%
Test for overall effect: Z  = 7.77 (p < 0.00001)

Total (95% Cl)

Test for subgroup differences: chi 2 = 1.85, df = 2 (p = 0.40); I2 = 0%

0.3271
0.2023
0.3051
0.1825
0.3351

5.0
13.1

5.8
16.1

4.8
44.8

2.43 [1.28, 4.61]
1.65 [1.11, 2.45]
2.56 [1.41, 4.66]
1.83 [1.28, 2.62]
2.05 [1.06, 3.95]

1.94 [1.56, 2.40]

7.9 2.00 [1.20, 3.33]
2.3

0.2606
1.63 [0.63, 4.24]

0.2774
0.1188

7.0
38.0

1.84 [1.07, 3.16]

45.0
1.54 [1.22, 1.94]

100.0 1.77 [1. 53, 2.04]

0.01 0.1 1 10 100

Pierga 2012

Heterogeneity: chi2 = 0.13, df = 1 (p = 0.71); I2 = 0%

0.4868
10.2 1.91 [1.22, 3.00]

1.58 [1.28, 1.96]

SE Weight (%)
Hazard ratio

IV, fixed, 95% Cl
Hazard ratio

IV, fixed, 95% Cl

(c)

1. Group 1

Park 2008
Shao 2015
Wu 2014
Subtotal (95% CI)
Heterogeneity: Tau 2 = 0.00; chi2 = 0.63, df = 3 (p = 0.89); I2 = 0%
Test for overall effect: Z  = 4.81 (p < 0.00001)

3. Group 3
Dai 2016

Subtotal (95% Cl)
Heterogeneity: tau2= 0.00; chi2 = 0.90, df = 2 (p = 0.64); I2 = 0%
Test for overal effect: Z =  5.59 (p < 0.00001)

Heterogeneity: tau2  = 0.00; chi2 = 4.71, df = 7 (p = 0.69); I2 = 0%
Test for overall effect: Z =  7.45 (p < 0.00001) 

Total (95% Cl)

Test for subgroup differences: chi 2 = 3.19. df = 2 (p = 0.20); I2 = 37.2%

Nishimiya 2014

2. Group 2

Subtotal (95% Cl)
Heterogeneity: not Applicable
Test for overall effect: Z =  2.10 ( p  = 0.04) 

Lee 2013

Molina 2010
Wang 2014

0.2171
0.4718

11.4
2.4

11.3

2.02 [1.32, 3.09]
1.95 [0.78, 4.93]
2.04 [1.33, 3.13]
1.38 [0.56, 3.40]2.5

1.95 [1.49, 2.57]

0.218
0.4584

27.6

1.37 [1.02, 1.85]
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Figure 3: Meta-analysis of the multivariate result associations between CA15-3/CEA and OS/DFS of breast cancer. The results are presented
as an individual and pooled HR and 95% CI: (a) DFS of CA15-3; (b) OS of CA15-3; (c) DFS of CEA; (d) OS of CEA.
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Classification according to the three groups can partly
explain the heterogeneity of the pooled results as each group
showed no significant heterogeneity but subgroup heteroge-
neity differences were significant (group 1: HR=3.68, 95%
CI 2.65–5.09, I2 = 33%, Ph=0.17; group 2: HR=1.52, 95%
CI 1.27–1.82, I2 = 0%, Ph=0.41; group 3: HR=2.61, 95%
CI 1.88–3.62, I2 = 42%, Ph=0.14). Pooled multivariate HR
results also provided similar results as higher CEA revealed
an HR of 1.72 (95% CI: 1.49–1.99) in OS without significant
heterogeneity (Figure 3(d)). We performed subgroup analy-
sis and found that, in univariate analysis, CEA derived from
primary breast cancer had a higher HR than that from meta-
static breast cancer. Subgroup analysis was also performed
according to different cut-off values, ethnicity, and publica-
tion year (Table 2).

3.6. CA15-3 and CEA with Tumor Clinicopathological
Parameters. We extracted twelve factor data according to
the cut-off of the high and low groups of CA15-3 or CEA
(Table 3). The results demonstrated that patients aged ≤35
years had a higher rate of CA15-3 increase (OR=1.83, 95%
CI: 1.20–2.80, p = 0 05), while younger ages had a lower rate
of CEA rise (OR=0.52, 95% CI: 0.29–0.94, p = 0 03). Higher
rate of CA15-3 and CEA rise were correlated with tumor bur-
den as larger tumor size, lymph node metastasis, and
advanced TNM stages. Higher CA15-3 rates were also related
to an advanced tumor histological grade (OR=0.63, 95% CI:
0.46–0.87, p = 0 005). However, non-triple-negative-type
breast cancer was more likely to associated with a CEA level
increase (OR=2.08, 95% CI: 1.30–3.33, p = 0 003).

3.7. Publication Bias. Begg’s funnel plot was used to evaluate
publication bias. All the results except one showed no signif-
icant publication bias as the values of pr> |z|> 0.05. The mul-
tivariate pooled results of OS in CA15-3 had pr> |z| = 0.01 for
Begg’s test. Next, we carefully examined Begg’s funnel plot
and performed Egger’s test for this result. Egger’s test showed
p > |t| = 0.104, and Begg’s funnel plot was approximately
symmetrical; thus, we believe that publication bias did not
show a significant difference (Supplement Figure 1).

4. Discussion

The prognostic factors of breast cancer include tumor bio-
pathological factors such as tumor burden, hormone recep-
tors, HER-2, and Ki-67 levels [53, 54]. All these factors
should be determined directly from tumor tissue through
biopsy or surgery. It would be desirable if serum markers
were used as available factors for prognosis. At present, the
use of serum tumor markers in breast cancer is less well
established because of its lower sensitivity and specification.
Many studies have reported a low positive rate of CA15-3
and an even lower rate of CEA [17, 34]. Without more pow-
erful serum markers, although imperfect, CA15-3 and CEA
remain the most commonly used biomarkers in breast
cancer and are recommended for practical use by the
American Society of Clinical Oncology (ASCO). However,
because of insufficient data, the use of CA15-3 and CEA
as screening, diagnostic, and staging tests to detect

recurrence and monitoring the response to treatment
alone is not recommended by ASCO as well as its prog-
nostic functions [15]. However, the European Group on
Tumor Markers has recommended the use of CEA and
CA15-3 to assess the prognosis in breast cancer [55].
Our meta-analysis was focused on serum CA15-3 and
CEA prognostic ability and their best use of these two
markers in breast cancer.

The meta-analysis indicated that an elevated CA15-3
level significantly corresponded with poor DFS and OS of
breast cancer. In our analysis, serum CA15-3 had prognostic
ability in the pretreatment of primary early-stage and pri-
mary all-stage breast cancer patients. It also showed prognos-
tic values in metastasis in OS but not in multivariate analysis
of DFS because of only one study reported this result, and it
may show great bias. The reason why CA15-3 can predict the
prognosis in breast cancer is not fully clear, but as CA15-3 is
the soluble form of MUC1, this may be related with the func-
tion of MUC1. MUC1 was reported to not only allow the
cancer cells to escape the immune system but also promote
cancer cell migration by activating some membrane recep-
tors [56–59]. Serum CA15-3 in metastasis studies had lower
HR than that in primary studies. The cause may be that
CA15-3 is closely corrected with tumor burden, and in pre-
treated tumors, it is consistently associated with tumor char-
acteristics that can best predict the prognosis of survival [60].
Nieder et al. found that overall survival was significantly
associated with CA15-3 in brain metastasis patients with
breast cancer and this trend was not found in other cancers
[32]. Subgroup analysis indicated that different cut-off values
of pretreatment tumor studies had different predictive abili-
ties, and the lower cut-off value studies had higher HRs in
DFS and OS. However, Keshaviah et al. combined 7 study
group trials and found a lower cut-off would decrease the
predictive value of CA15-3 [61]. This different result may
be because Keshaviah used serum CA15-3 tested at any time
during disease; however, in the present study, we used the
pretreatment serum sample only. We also found differences
according to country. European countries and the United
States had lower HRs than Asian and African countries
because developed countries had improved screening
methods and self-consciousness. As the tumor can be found
at an early stage in developed countries [62–64], CA15-3,
used as a predictor, may be more useful in developing coun-
tries, and this region-specific use of tumor marker test phe-
nomenon was also found by Ramsey et al. [65]. Though
CA15-3 seems to be able to assess the prognosis of breast
cancer, there was lack of prospective testing to clarify it which
limited its practical use in the clinical setting.

The CEA levels are less likely to be elevated than CA15-3;
however, in symptomatic breast cancerpatients,CEAsensitiv-
ity increased, and some studies found that CEA are able to
correlate with the stage of disease as well as prognosis though
these results are also in dispute. De Jong-Bakker et al. reported
the pretreatment level of CEA had no relationship with all
groups of patients regarding prognosis as the same results of
other small-sample studies report [33, 34, 44, 66]. However,
in our pooled results, higher serum CEA had lower DFS and
OS both in univariate and multivariate analyses. Serum CEA
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Table 2: Summary of the meta-analysis results.

Analysis
Univariate analysis Multivariate analysis

N HR (95% CI) p I2 Ph N HR (95% CI) p I2 Ph

CA15-3 DFS

All 14 2.61 (2.17–3.13) <0.001 50 0.02 10 1.56 (1.38–1.76) <0.001 31 0.16

Subgroup 1

Primary early-stage breast cancer 9 2.57 (2.14–3.08) <0.001 21 0.25 7 1.80 (1.53–2.11) <0.001 0 0.63

Metastatic breast cancer 2 2.00 (1.46–2.74) <0.001 0 0.69 1 1.28 (0.43–3.80) 0.65 — —

Primary all-stage or unclear-stage breast cancer 3 2.88 (1.54–5.41) <0.001 82 0.004 2 1.28 (1.06–1.55) <0.001 40 0.20

Subgroup 2

Cut-off≤ 25 6 2.84 (2.30–3.50) <0.001 0 0.77 5 1.80 (1.50–2.16) <0.001 0 0.85

Cut-off> 25 6 2.69 (1.87–3.87) <0.001 75 0.001 4 1.39 (1.17–1.64) <0.001 59 0.06

Subgroup 3

Asia and Africa 8 3.18 (2.46–4.11) <0.001 44 0.08 6 1.96 (1.57–2.44) <0.001 0 0.65

Europe and America 6 2.14 (1.82–2.52) <0.001 0 0.67 4 1.41 (1.22–1.63) <0.001 24 0.27

Subgroup 4

Sample size< 500 11 2.37 (2.00–2.81) <0.001 20 0.26 7 1.78 (1.50–2.10) <0.001 0 0.65

Sample size≥ 500 3 3.36 (2.01–5.61) <0.001 79 0.008 3 1.35 (1.13–1.61) 0.001 50 0.14

Subgroup 5

Publish year> 2010 7 2.82 (2.3–3.48) <0.001 0 0.45 6 1.80 (1.50–2.17) <0.001 0 0.53

Publish year≤ 2010 7 2.45 (1.86–3.23) <0.001 69 0.004 4 1.39 (1.19–1.64) <0.001 39 0.18

CA15-3 OS

All 21 2.86 (2.31–3.54) <0.001 72 <0.0001 15 2.03 (1.76–2.33) <0.001 0 0.45

Subgroup 1

Primary early-stage breast cancer 7 2.95 (2.28–3.82) <0.001 22 0.26 6 1.93 (1.46–2.55) <0.001 0 0.84

Metastatic breast cancer 6 1.79 (1.51–2.12) <0.001 0 0.66 3 1.85 (1.47–2.32) <0.001 0 0.78

Primary all-stage or unclear-stage breast cancer 8 3.87 (2.74–5.46) <0.001 74 <0.0001 6 2.31 (1.83–2.93) <0.001 47 0.09

Subgroup 2

Cut-off≤ 25 5 3.11 (2.39–4.05) <0.001 0 0.59 5 1.98 (1.46–2.69) <0.001 0 0.90

Cut-off> 25 10 3.57 (2.62–4.88) <0.001 74 <0.0001 7 2.24 (1.79–2.80) <0.001 46 0.09

Subgroup 3

Asia and Africa 11 3.50 (2.59–4.71) <0.001 70 0.0002 8 1.93 (1.58–2.35) <0.001 34 0.16

Europe and America 10 2.35 (1.74–3.18) <0.001 72 0.0002 7 2.13 (1.74–2.60) <0.001 0 0.81

Subgroup 4

Sample size< 500 18 2.87 (2.24–3.7) <0.001 75 <0.0001 12 2.03 (1.74–2.38) <0.001 21 0.23

Sample size≥ 500 3 2.72 (1.96–3.78) <0.001 37 0.20 3 1.99 (1.43–2.77) <0.001 0 0.99

Subgroup 5

Publish year> 2010 10 3.17 (2.33–4.31) <0.001 62 0.005 8 1.82 (1.52–2.18) <0.001 0 0.90

Publish year≤ 2010 11 2.65 (1.94–3.62) <0.001 79 <0.0001 7 2.41 (1.92–3.03) <0.001 21 0.27

CEA DFS

All 10 2.60 (2.23–3.04) <0.001 0 0.91 9 1.77 (1.53–2.04) <0.001 0 0.82

Subgroup 1

Primary early-stage breast cancer 6 2.80 (2.24–3.52) <0.001 0 0.48 5 1.94 (1.56–2.40) <0.001 0 0.72

Metastatic breast cancer 1 2.31 (1.26–4.24) 0.007 — — 2 1.91 (1.22–3.00) 0.005 0 0.71

Primary all-stage or unclear-stage breast cancer 3 2.45 (1.94–3.09) <0.001 0 0.80 2 1.58 (1.28–1.96) <0.001 0 0.56

Subgroup 2

Cut-off≤ 5 6 2.77 (2.29–3.37) <0.001 0 0.48 6 1.74 (1.49–2.04) <0.001 0 0.54

Cut-off> 5 3 2.31 (1.72–3.10) <0.001 0 0.98 1 1.84 (1.07–3.16) <0.001 — —

Subgroup 3

Asia and Africa 6 2.65 (2.19–3.20) <0.001 0 0.46 5 1.95 (1.53–2.48) <0.001 0 0.89

Europe and America 4 2.50 (1.89–3.32) <0.001 0 0.80 4 1.67 (1.40–2.00) <0.001 0 0.52
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showed no significant difference inHR in primary andmetas-
tasis breast cancer regarding DFS but had a higher HR of pri-
mary cancer than metastasis regarding OS. Subgroup
analysis showed a lower cut-off value, and studies in Asian
andAfrican countries had higherHRswith the same tendency
asCA15-3. In clinical use, CEAcan be informativewhen levels
of CA15-3 remain below the cut-off point, but for now, no
high-level evidence study has verified it [67].

CA15-3 and CEA have been reported to be associated
with clinicopathological parameters [68]. Both the CA15-3
and CEA levels were elevated with a larger tumor size, posi-
tive lymph node metastasis, and advanced TNM stage. A
higher elevation of the markers does not indicate that their
prognostic value has increased. In CA15-3 and CEA with
tumor burden prognostic analysis, Molina et al. found that
CEA had prognostic values in node-positive or node-
negative breast cancer, but CA15-3 showed a prognostic
value only in the node-negative patients [47]. Gion et al. also
found that CA15-3 was significantly associated with the
prognosis in node-positive cases not in node-negative cases
[69]. In patients younger than 35 years and older, the results
in CA15-3 and CEA had significant differences and were
reversed. Young patients are more likely to have elevated
CA15-3; however, older patients are more likely to have ele-
vated CEA. This can inspire doctors to use different cut-off

values in young and older breast cancer patients to best man-
age young patients. The molecular types of breast cancer may
also be different in tumor markers expressed. Triple-negative
breast cancer may more likely show high CEA according to a
study that included 247 triple-negative breast cancer patients,
in which the best cut-off value using the X-Tile program was
6ng/ml higher than the recommended 5ng/ml [25]. Li
et al.’s study and other studies found that the CA15-3
levels showed a significant difference according to molecu-
lar subtype [60, 70], but the pooled results of our study
saw no difference.

Several limitations need to be carefully considered in this
analysis. First, almost all the included studies in this analysis
were retrospective, making them more susceptible to some
biases. Though we could not exclude all potential residual
confounding, the asymmetry in the funnel plots at least
showed the absence of publication bias, thus maintaining
the substantial consistency of the results. Second, the publica-
tion year of the included studies in this analysis ranged from
1986 to 2017. This long period led to great differences; thus,
we performed subgroup analysis and used the cut-off year
of 2010 to limit the heterogeneity. Third, some studies have
found that CA15-3 and/or CEA only had prognostic value
according to molecular tumor types, but we could not iden-
tify sufficient studies to pool the results according to different

Table 2: Continued.

Analysis
Univariate analysis Multivariate analysis

N HR (95% CI) p I2 Ph N HR (95% CI) p I2 Ph

Subgroup 4

Sample size< 500 6 2.62 (2.11–3.24) <0.001 0 0.54 7 1.87 (1.54–2.26) <0.001 0 0.97

Sample size≥ 500 4 2.59 (2.06–3.25) <0.001 0 0.64 2 1.65 (1.33–2.05) <0.001 59 0.12

Subgroup 5

Publish year> 2010 5 2.79 (2.15–3.60) <0.001 0 0.50 7 1.87 (1.54–2.26) <0.001 0 0.97

Publish year≤ 2010 5 2.50 (2.05–3.04) <0.001 0 0.74 2 1.65 (1.33–2.05) <0.001 59 0.12

CEA OS

All 16 2.46 (1.93–3.15) <0.001 70 <0.0001 8 1.72 (1.49–1.99) <0.001 0 0.69

Subgroup 1

Primary early-stage breast cancer 7 3.68 (2.65–5.09) <0.001 33 0.17 4 1.95 (1.49–2.57) <0.001 0 0.89

Metastatic breast cancer 4 1.52 (1.27–1.82) <0.001 0 0.41 1 1.37 (1.02–1.85) 0.04 — —

Primary all-stage or unclear-stage breast cancer 5 2.61 (1.88–3.62) <0.001 42 0.14 3 1.79 (1.46–2.20) <0.001 0 0.64

Subgroup 2

Cut-off≤ 5 8 3.80 (2.67–5.39) <0.001 59 0.02 6 1.86 (1.56–2.20) <0.001 0 0.88

Cut-off> 5 4 2.34 (1.73–3.17) <0.001 0 0.96 1 1.77 (1.03–3.03) <0.001 — —

Subgroup 3

Asia and Africa 11 2.82 (2.07–3.85) <0.001 72 <0.001 7 1.65 (1.38–1.96) <0.001 0 0.70

Europe and America 5 1.87 (1.26–2.77) 0.002 61 0.04 1 1.91 (1.48–2.46) <0.001 — —

Subgroup 4

Sample size< 500 13 2.48 (1.84–3.34) <0.001 75 <0.0001 6 1.64 (1.37–1.95) <0.001 0 0.60

Sample size≥ 500 3 2.29 (1.75–3.00) <0.001 0 0.48 2 1.91 (1.50–2.45) <0.001 0 0.96

Subgroup 5

Publish year> 2010 9 3.27 (2.22–4.82) <0.001 73 <0.0001 6 1.64 (1.37–1.95) <0.001 0 0.60

Publish year≤ 2010 7 1.82 (1.39–2.39) <0.001 53 0.05 2 1.91 (1.50–2.45) <0.001 0 0.96

N: number of studies; HR: hazard ratio; 95% CI: 95% confidence interval; Ph: p values of Q test for heterogeneity test; OS: overall survival; DFS: disease-free
survival; “—” means unavailable.
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molecular types of breast cancer. Fourth, although we
performed multivariate analysis of CA15-3 and CEA as
prognostic factors, the multivariate analyses were adjusted
to different factors in different studies; thus, the pooled
results using CA15-3 and/or CEA as an independent
predictor should be carefully considered.

In conclusion, we found that both CA15-3 and CEA were
good prognostic factors for poor DFS and OS when abnormal
levels were found in breast cancer patients. Furthermore,
higher CA15-3 or CEA had more significant prognostic
significance for pretreatment primary breast cancer, a cancer
occurring in Asian and African countries. Elevated CA15-3
and CEA were closely associated with age and tumor burden.
In the future, more studies with uniform cut-off values,
large-scale data, and good designs are needed to validate
our conclusion.
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