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Breast cancer is the most common malignant cancer in women worldwide. The tumor markers Cancer Antigen
15-3 (CA15-3) and Carcinoembryonic Antigen (CEA) are frequently used for screening and monitoring breast
cancer.

We conducted a meta-analysis of 13 published case-control studies to assess the associations between serum
levels of CA15-3 and CEA with breast cancer susceptibility, including 1179 cases and 493 controls. The analy-
ses were performed on malignant tumor and benign tumor, as well as in different subgroups with respect to
the patient ethnicities and clinical tumor stages.

This systematic review and meta-analysis of association studies shows that serum levels of CA15-3 and CEA
are potential biomarkers for breast cancer monitoring. When stratified by clinical stage, we noticed that al-
though malignant tumors in all stages show elevated levels of CA15-3, it is greatly associated with the tumor
stage, as it increases as breast tumor stage worsens.

This study clarifies the inconsistent conclusions from multiple studies, and provides a precise estimation for
clinical utility of 2 important biomarkers, CA15-3 and CEA, in breast cancer monitoring. Thus, our study will
shed lights on the prognosis of breast cancer patients.
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Background

META-ANALYSIS

Material and Methods

Breast cancer is reported as the most common malignant can-
cer, which accounts for 25% of all cancer cases in women world-
wide [1,2]. It resulted over half a million deaths in 2012 [2].
Traditional diagnostic tools, including two-dimensional and
three-dimensional mammography, use radiological scanning
technique for tumor detection, but these methods are usu-
ally not recommended for young women (<40 years old) due
to the false-positive rate and over-diagnosis [3,4]. More prac-
tical methods are still needed to provide a fast and non-in-
vasive quantitative estimate of tumor growth. Tumor mark-
ers are frequently used for screening and monitoring cancers.
Cancer Antigen 15-3 (CA15-3) and Carcinoembryonic Antigen
(CEA) are 2 Food and Drug Administration (FDA)-approved tu-
mor markers for monitoring breast cancer [5,6]. CA15-3 is a
mucinous glycoprotein, which is one of products of Mucinl
(MUC-1) gene [7]. MUC-1 is found in nearly all epithelial cells,
and its overexpression is often associated with colon, breast,
ovarian, lung, and pancreatic cancers [8,9]. CEA is a member
of the immunoglobulin superfamily. A total of 29 genes have
been found in the human CEA gene family, including 11 preg-
nancy-specific glycoprotein subgroup genes [7]. Previous stud-
ies show that elevated levels of serum or salivary CA15-3 and
CEA are usually detected in patients with breast malignancies.
Many studies have been conducted to quantitatively evalu-
ate the serum level of these 2 tumor markers in breast cancer
patients [10-24]. For example, Moazzezy et al. reported that
CA15-3 and CEA serum levels were independent of the breast
cancer staging [25]. Uehara et al. [6] and Atoum et al. [11]
found significant differences in CA15-3 expression levels in
different stages of breast cancer. In addition, Thriveni et al.
found that serum CEA levels did not have any significant cor-
relation in breast cancer patients prior to treatment [17]. Samy
et al. showed that preoperative serum levels of CEA of breast
cancer patients were significantly higher compared with the
levels of the control group [15]. Nevertheless, the results of
many studies are inconsistent, even conflicting with each oth-
er. Therefore, to clarify the change of serum levels of CA15-3
and CEA in breast cancer, we performed a meta-analysis on
13 eligible case-control studies [10-12,14-23] that have been
published to date, including 1179 cases and 493 controls, as
well as subgroup analysis in terms of ethnicity distribution and
breast cancer clinical stages. We used the Mantel-Haenszel (M-
H) fixed-effects model set to analyze datasets at low statisti-
cal inconsistency, and used the DerSimonian and Laird (D-L)
random-effects model for those showing obvious heteroge-
neity, to calculate the standardized mean difference (SMD)
and 95% confidence interval (Cl) for the strength of the asso-
ciations between serum levels and breast cancer risk. We be-
lieve our study can deliver a more precise estimation of asso-
ciation of CA15-3 and CEA with breast cancer susceptibility.

Search strategy

All studies reporting associations between the serum levels of
CA15-3 and CEA with breast cancer published from 2000 to
2014 were collected by comprehensive internet-based search-
es of PubMed, Google Scholar, and CNKI databases. The rele-
vant key words, including “CA15-3”, “CEA”, and “breast can-
cer” were used for searching.

Data collection

A total of 385 results (220 from PubMed, 135 from Google
Scholar, and 30 from CNKI) were found in the first-round
screening. To narrow the selection, the criteria for studies to
be considered for this meta-analysis were as follows: (i) rela-
tive articles, non-duplicated articles; (ii) case-control studies
published in peer-reviewed journals with full text available;
(ii) studies focus on the relationship between serum levels of
CA15-3 and CEA with breast cancer; and (iv) statistic informa-
tion of mean, standard deviation, and number of cases/con-
trols being available. With the restrictions mentioned above, a
total of 13 articles are eventually selected for our meta-analy-
sis. For each article, the following data were collected: the first
author’s last name, year of publication, country of origin, pa-
tient ethnicity, mean/standard deviation, and number of cas-
es or controls, as well as the clinical information. The proce-
dure of article collection is shown in Figure 1.

Statistical methods

In this study, statistics software STATA (release 12.0, College
Station, TX) was used to conduct all the meta-analyses. The
strength of the associations between serum levels and breast
cancer susceptibility were assessed using all databases, and
the average differences of each included trial were expressed
as the standardized mean difference (SMD) and 95% confi-
dence interval. Analyses of CA15-3 and CEA were performed
separately. We also performed subgroup analyses according
to patient ethnicities (Caucasian or Asian) and tumor stages
(stage I, II, and I11). I index was calculated to estimate the het-
erogeneity among trials, as the higher the 12, the more signif-
icant the heterogeneity. Values of 12°=50% represent a divid-
ing point between low and high heterogeneity. When 1> <50%,
we assumed that there was no significant heterogeneity be-
tween pooled data. Correspondingly, 1> >50 was treated as
significant heterogeneity. Moreover, based on the I? index,
we choose a different model in analysis: the Mantel-Haenszel
(M-H) fixed-effects model set should be used to analysis da-
tasets at low statistical inconsistency and the DerSimonian
and Laird (D-L) random-effects model should be used for da-
tasets showing obvious heterogeneity. In our meta-analysis,
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Figure 1. Flow diagram of article collection.

Potential artilces searched from Google scholar
(n=135), PubMed (n=220) and CNKI (n=30)
_______________________________ " | Exdlusion: irrelative and duplicated articles
i (n=362)
Articles regarding of CA15-3 and CEA with
breast cancer (m=23)
_______________________________ " | Exclusion: articles not focus on case-control
i studies (n=2)
Articles about serum levels of CA15-3 and CEA
with breast cancer (n=21)
_______________________________ " | Exclusion: studies without information of mean,
i sd and number (n=8)
Case-control studies included in meta-analysis
(n=13)

Table 1. Characteristics of studies included in the meta-analysis.

.. - No. of patients Age CA15-3-
Auth Y Eth D
uthor ear Country thnicity escription (case/control) (average) method
. . . MEIA, Abbott MEIA, Abbott
Zeng 2013  China Asian Malignant 100/64 51.4 AXSYM AXSYM
Rashad 2013 Egypt  Caucasian  Malignant 80/10 49.6 ELISA,
&yP & ’ MyBioSource
. Benign & MEIA, Abbott
Atoum 2012 Jordan  Caucasian malignant 91/45 AXSYM
Porika 2010 India Caucasian Stage LIl & IlI 153/38 44.9 ELISA, Antuos  ELISA, Antuos
. . MEIA, Abbott
Metwally 2010 Egypt  Caucasian  Malignant 44/21 36 AXSYM
. ELISA, CIS Bio
Samy 2010 Egypt  Caucasian Stage | & Il 89/40 International ELISA, Quorum
Agha-Hosseini 2009 Iran Caucasian  Malignant 26/35 42.6 ELISA, CanAg
R . Stage | & II, ELISA,
Thriveni 2007 India Caucasian & IV 207/75 Calbiotech ELISA
Qin 2007  China Asian Malignant 67/24 ELISA ELISA
Huang 2005  China Asian Malignant 63/25 53.4 IRMA
Zhang 2005  China Asian Malignant 66/44 47 CLIA, Bayer CLIA, Bayer
Zheng 2005 China  Asian Benign & 130/30 45 ELISA, CanAg  ELISA, CanAg
malignant
Streckfus 2000 USA  Caucasian Corien & 63/42 50.8 Soadian
malignant International

Table 2. Results of meta-analysis for CA15-3 and CEA using malignant and benign tumor database.

Analysis Heterogeneity 0dd ratio (OR) Publication bias
Biomarker
method p-value Overall Lower Upper p-value
Malignant
CA15-3 Random 98.6 3.7x107%° 2.15 2.00 2.30 1.8x1071° 0.149 1.0x10~°
CEA Random 97.4 b1l 1.23 1.09 1.36 1.8x1072! 0.020 0.149
Benign™*
CA15-3 Random 98.8 220 0.17 -0.21 0.54 0.382 —* =

* Results are not available because there were too few studies; ** Analysis on CEA was not performed due to the lack of studies.
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Figure 2. Forest plots of (A) CA15-3 for
malignant tumor, (B) CEA for

Streckfus A (2000) |

A
Study ID SMD (95%Cl) % weight
445[3.58,532] 293

malignant tumor, and (C) CA15-3 for
benign tumor.

Thriveni A (2007)
Thriveni B (2007)

Overall (I-squared=97.4%, p=0.000)

I S A,

Huang (2005) —— 8.89[7.48,10.30] 1.13
Zhang (2005) ' 0.45[0.06,0.83]  15.00
Zheng (2005) 1.5411.08,2.00]  10.69
Thriveni A (2007) ' = 9.70(8.57,10.83] 1.76
Thriveni B (2007) i = 9.698.70, 10.69] 2.26
Qin (2007) i 3.51(2.81,421]1  4.63
Agha-Hosseini (2009) i —s— 7.48(6.04,8.92] 1.08
Porika A (2010) . ! 0.21[-0.22,0.65]  11.92
Porika B (2010) - 2.35[1.82,2.89] 171
Porika C (2010) :- 2.9712.36,3.57] 6.15
Metwally (2010) i —*— 10.16[8.31,12.00] 0.65
Samy A (2010) i = 7.39[6.28, 8.50] 1.82
Samy B (2010) i —*—>10.62[8.76,12.48]  0.65
Atoum (2012) DB 437[370,5.05] 488
Rashad (2013) i 0.80[0.13,1.47] 5.01
Zeng (2013) : 0.63[0.31,0.95]  21.68
Overall (I-squared=98.6%, p=0.000) 9 2.15[2.00,2.29] 100.00
T T

B 12.5 0 12.5

Study ID SMD (95%Cl) % weight
Zhang (2005) -..E’ 0.90[0.50,1.30]  11.33
Zheng (2005) —.5- 0.97 [0.54, 1.40] 9.73

—-— 3.28[2.80,3.771  1.77
—=— 570[5.07,633] 458
2.80[2.14,3471 412
0.14[-0.29,0.571  9.69
0.61[0.19,1.04]  10.12
1.06[0.62,1.51]  9.15
0.02[-0.38,0.42]  11.31

Qin (2007)

Porika A (2010) -

Porika B (2010) —

Porika C (2010) -

Samy A (2010) -

Samy B (2010) —— 235[1.73,2971  4.69
Zeng (2013) =

0.65[0.33,0.97]  17.51
1.23[1.09,1.36]  100.00

% weight

Overall (I-squared=98.6%, p=0.000)

6.23[5.12,7.34  11.16

0.30[-0.17,0.78] ~ 60.49

T
C -6.33 0 6.33
Study ID SMD (95% Cl)
Streckfus A (2000)
R
Zheng (2005)
Atoum (2012) -

-2.52[-3.21,-1.82] 2835

0.17[-0.21,0.54]  100.00

o _________v_.._____*_".......

-1.34

we used the M-H fixed-effect model to test the heterogeneity
first, and then choose different models based on the testing
results. SMDs were calculated with each model within 95%
confidence intervals. Forest plots were generated to summa-
rize the results. Potential publication bias was assessed by
Begg’s funnel plots and Egger’s test. All reported p-values were
from two-sided tests.
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Results

To systematically study the association between the levels of
CA15-3 and CEA in the serum with the risk of breast cancer,
we performed a meta-analysis of a total of 13 eligible case-
control studies, the main characteristics of which are shown in
Table 1. These studies involved a total of 1179 cases and 493
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Figure 3. Funnel plots of (A) CA15-3 for malignant tumor and (B) CEA for malignant tumor.

Table 3. Results of subgroup meta-analysis for CA15-3 and CEA using Caucasian and Asian database.

Caucasian
OR (95%CI) pOR** 12 (%) ph* OR (95%Cl)
CA15-3 98.5 1.6x1073? 3.23 (3.01-3.45) 9.6x10%7 97.8 3.1x107" 1.19 (0.98-1.39) 2.1x10%
CCEA %82 65«0 140122158 13«07 910  16x107  100(079-120) 124107

* P-value from heterogeneity test; ** P-value from OR test.

controls. Among them, there are 13 studies of CA15-3 and 7 in benign tumors demonstrated slightly significant bias. The
studies of CEA. For ethnicity distribution, there were 5 stud- funnel plots of each group are shown in Figure 3.
ies in Asians and 8 studies in Caucasians.

We performed subgroup meta-analyses for CA15-3 and CEA
The results of the meta-analysis are shown in Table 2. We found with respect to Caucasian and Asian populations, and the re-

that the I> was larger than 90% in all 3 groups (malignant tu- sults are shown in Table 3. Based on the information from the
mor with CA15-3 marker, malignant tumor with CEA marker, above analyses, only the malignant tumors database was used
and benign tumor with CA15-3 marker), suggesting statistically in this section. Generally, the I> indexes were still very large
significant heterogeneity in all cases. Given the large I? index- (>90% in all cases) for all analyses, indicating a significant
es, the random-effects model was used for further calculating heterogeneity in these comparison models (p-values <0.05).
standardized mean difference (SMD) and 95% confidence in- Due to these results, a random-effects model was used for
terval (Cl) calculation. Forest plots for each group are shown assessing the association in the analysis. The forest plots of
in Figure 2. From the analysis, we found significant associa- CA15-3/CEA for Caucasian and Asian populations are shown in

tions between the levels of CA15-3 and CEA with breast cancer Figures 4 and 5, respectively. From these results, we found that
susceptibility for malignant tumors (CA15-3: SMD=2.15, 95% both CA15-3 and CEA were significantly associated with breast
Cl (2.00-2.30), p-value=1.8x10"8, Figure 2A; CEA: SMD=1.23, cancer, regardless of ethnicity (CA15-3 (Caucasian): SMD=3.23,
95% Cl (1.09-1.36), p-value=1.8x10"?}, Figure 2B). These re- 95% Cl (3.01-3.45), p-value=9.6x107%, Figure 4A; CA15-3
sults indicate that the levels of CA15-3 and CEA in the serum (Asian): SMD=1.19, 95% Cl (0.98-1.39), p-value=2.1x107%,
were significantly associated with the risk of developing ma- Figure 4B; CEA (Caucasian): SMD=1.40, 95% Cl (1.22-1.58),
lignant breast cancer. However, further analysis revealed that p-value=1.3x107'8, Figure 5A; CEA (Asian): SMD=1.00, 95% ClI
there was no significant association between the level of CA15- (0.79-1.20), p-value=1.2x10"%, Figure 5B). These results indi-

3 with breast cancer susceptibility for benign tumors (CA15- cate that the levels of CA15-3 and CEA in serum can be used
3: SMD=0.17, 95% Cl (-0.21-0.38), p-value=0.382, Figure 2C). to effectively predict breast cancer susceptibility and provide
For publication bias, we noticed that Egger’s test of the CA15- a useful prognosis for breast cancer detection.

3 level in malignant tumors and Begg'’s test of the CEA level
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A Figure 4. Forest plots of CA15-3 for (A)
Study ID SMD (95% Cl) % weight Caucasian population and (B) Asian
Streckfus A (2000) E 445(358,532] 625 population.
Thriveni A (2007) E —=— 970[8.57,10.83] 3.75
Thriveni B (2007) E = 969[8.70,10.69] 4.82
Agha-Hosseini (2009) E —— 7.48[6.04,892] 229
Porika A (2010) | 0.21[-0.22,065] 2543
Porika B (2010) .E 2.35[1.82,2.89] 16.57
Porika € (2010) ! 2.97(2.36,3.57] 13.12
Metwally (2010) E —*—10.16(8.31,12.00]  1.40
Samy A (2010) P T= 7.39[6.28,8.50]  3.88
Samy B (2010) E —=>10.62 [8.76,12.48]  1.38
Atoum (2012) E 4.37[3.70,5.05] 10.41
Rashad (2013) - 0.80[0.13,1.47]  10.69
Overall (I-squared=98.5%, p=0.000) ? 3.23[3.01,3.45] 100.00

125 0 , 125
B - .. ..
Study ID SMD (95% Cl) % weight
Thriveni A (2007) —-— 3.28[2.80,3.771  13.55
Thriveni B (2007) —=— 570([5.07,633] 7.99
Porika A (2010) = 0.14[-0.29,0.57]  16.91
Porika B (2010) - 0.61[0.19,1.04]  17.66
Porika C (2010) =t 10610621511 1597
Samy A (2010) + 0.02[-0.38,0.42]  19.74
Samy B (2010) 235[1.73,297] 818
Overall (I-squared=98.2%, p=0.000) 1.40[1.22,1.58] 100.00

T T

-6.33 0 6.33

Similar to the strategy detailed above, we performed sub-
group meta-analyses for CA15-3 in terms of different tumor
clinical stages (stage I, Il, and Ill), and the results are shown
in Table 4. Again, we found significant heterogeneity in these
subgroup analyses (P-values <0.05). The forest plots of all 3
stages are shown in Figure 6. Based on the meta-analysis,
CA15-3 is significantly associated with breast cancer in all
stratified stages (Stage I: SMD=2.03, 95% Cl (1.66-2.40), p-
value=9.8x107%, Figure 6A; Stage Il: SMD=3.88, 95% Cl (3.40-
4.35), p-value=5.1x10", Figure 6B; Stage Ill: SMD=5.12, 95%
Cl (4.63-5.61), p-value=6.7x10"*, Figure 6C). Although all ma-
lignant tumors show elevated levels of CA15-3, we noticed that
the level of CA15-3 keeps increasing as the breast tumor pro-
gresses. These results suggest that the level of CA15-3 might
be more efficient for monitoring advanced tumors than ear-
ly diagnosis. On the other hand, for publication bias, only sta-
tistically significant biases were observed for stage | and Il in
Egger’s test with explicit database stratification. The funnel
plots are shown in Figure 7.

Discussion

Several different tumor-specific antigens are usually generat-
ed by tumor cells or by host cells in response to tumorigenesis.
These unique antigens are termed tumor markers and can be
used in cancer screening and monitoring. The sensitivity and
specificity of an individual tumor marker may be low, but the
combination of multiple tumor markers can be very helpful as
a clinical tool in oncology. CA15-3 and CEA are frequently used
in clinical treatment of breast cancer [10-23]. In this study, we
investigated the associations between serum levels of CA15-3
and CEA with breast cancer susceptibility by a systematic meta-
analysis. We found significantly elevated serum levels of CA15-
3 and CEA in patients with malignant breast cancer, but not in
those with benign tumors. Further subgroup analyses involving
patients with malignant tumors showed that both Caucasian
and Asian populations had a similar significant association. In
addition, we found that the level of CA15-3 is greatly associat-
ed with tumor stages. However, Gion et al. reported that there
was no difference in CA15-3 expression between benign tu-
mors and stage | and Il [24]. Moazzezy et al. also reported that
CA15-3 and CEA serum levels were independent of the breast
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A Figure 5. Forest plots of CEA for (A) Caucasian
Study ID SMD (95%Cl) % weight population and (B) Asian population.
Huang (2005) ; —=— 8.89[7.48,10.30] 213
Zhang (2005) l 0.45[0.06,0.83]  28.24
Zheng (2005) i- 1.54[1.08, 2.00] 20.12
Qin (2007) | - 351281,4211 871
Zeng (2013) .: 0.63[0.31,0.95] 40.81
Overall (I-squared=97.8%, p=0.000) o 1.19[0.98,1.39]  100.00

B —1|0.3 0 1(I).3
Study ID SMD (95% Cl) % weight
Zhang (2005) _.:_ 0.90{0.50, 1.30] 26.53
Zheng (2005) + 0.97[0.54, 1.40] 22.80
Qin (2007) ‘ —=—— 2.80[2.14,3.47] 9.66
Zeng (2013) —.“: 0.65[0.33,0.97] 41.02
Overall (I-squared=91.0%, p=0.000) @ 1.00[0.79,1.20]  100.00

—3I.47 0 3.147

Table 4. Results of subgroup meta-analysis for CA15-3 using stage |, II, and Il database.

Publication bias

Analysis Heterogeneity
method p-value Overall
Stage | Random 98.4 27/ 2.03
CStagell  Random 977 27x10%° 388
CStagelll  Random 982  10x10% 512

1.66 2.40 9.8x107%7 0.806 0.029
3.40 4.35 5.1x10™ 1.000 0.010
4.63 5.61 6.7x1074¢ 0.734 0.308

cancer staging [25]. However, the sample size in this study
was small: only 30 patients and 30 controls, which may not
be able to represent the population accurately. In contrast to
these and consistent with our results, Uehara et al. found that
breast cancer stage Il patients with normal CA15-3 levels had
a better prognosis than those with elevated CA15-3 levels [6].
Sutterlin et al. also reported significant differences in CA15-3
expression levels between those in benign tumors and those in
stage Ill and IV [26]. The inconsistency could come from differ-
ent sensitivities of detecting CA15-3 levels in different studies.
It is also possible that differences in the age, BMI, tumor size,
menopause status, lifestyle, environment, and other variables
between different patients may affect the tumor marker levels.
Hence, elevated CA15-3 levels may be one factor that predicts
a poor prognosis. In addition, a heterogeneous disease such
as breast cancer may require combining multiple biomarkers
to allow the detection of different subtypes.

Despite our consistent results, there are some limitations in
this study. First, the patients included in this study had an
average age between 36 and 53.4 years old, with most be-
tween 40 and 50 years old. As use of traditional tools such as
mammography increase more dramatically for the older peo-
ple, and the probability of over-diagnosis also usually increas-
es with age, the biomarker screening for breast cancer would
really benefit women over 55 years old. Therefore, in the con-
text of an aging society, more research is needed to fully un-
derstand the natural history of breast cancer and to improve
its screening and treatment in older age groups. Secondly,
the 13 studies in our analysis used different methods/as-
says to test CA15-3 and CEA levels, including 11 for CA15-
3: MEIA, Abbott AxSYM, ELISA, MyBioSource, Antuos, CIS Bio
International, CanAg, Calbiotech, IRMA, CLIA and Bayer, and
8 for CEA: MEIA, Abbott AXSYM, ELISA, Antuos, Quorum, CLIA,
Bayer and CanAg. Previous research compared 3 different
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A Figure 6. Forest plots of CA15-3 for (A) stage |,
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Figure 7. Funnel plots of CA15-3 for (A) stage I, (B) stage Il and (C) stage Il tumor.
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CA15-3 assay kits (the manual IRMA Centocor and 2 fully au-
tomated methods, the ELISA-Boehringer Mannheim-ES300 and
the Abbott IMx) and showed that they have different sensitiv-
ity and could yield inconsistent results [27,28]. Positive rates
of the IRMA CA15-3 did not show any significant variations re-
lated to stage, while CA15-3 levels obtained by both ELISA and
Abbott assays showed higher values in stage | than in stage Il
patients [27,28]. Therefore, it may be necessary to find a uni-
form method to screen for CA15-3 and CEA levels. As diagnos-
tic and clinical techniques improve, tumor markers will likely
become more important in cancer screening and treatment.

Conclusions

In this study, we presented a meta-analysis investigating the as-
sociations between serum levels of CA15-3 and CEA with breast
cancer susceptibility. A total of 13 studies, including 1179 cas-
es and 493 controls, were involved in our analysis, which shows
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that serum levels of CA15-3 and CEA are potential biomarkers for
breast cancer monitoring. Specifically, we found statistically sig-
nificant elevated levels of serum CA15-3 and CEA in the patients
with malignant breast tumors, but not in the patients with benign
tumors. Further subgroup analyses focusing on patients with ma-
lignant tumors showed that both Caucasian and Asian populations
demonstrated a similar significant association. When stratified by
the clinical stage, we noticed that although malignant tumors in
all stages show elevated levels of CA15-3, the level of CA15-3 is
greatly associated with the tumor stage, meaning that the level
of CA15-3 becomes higher as the breast tumor stage progress-
es. This study clarifies the inconsistent conclusions from multi-
ple studies, and provides a precise estimation for clinical values
of 2 important biomarkers in breast cancer monitoring. We be-
lieve our study will shed light on future breast cancer research.
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