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Abstract

Background

The aim of this study was to assess the diagnostic values of three breast tumor markers
(i.e., CEA, CA153 and CA125) in milk and nipple discharge in the prediction of different
breast diseases diagnoses.

Methods

Three hundred thirty-six patients (96 breast cancer and 240 benign disease patients) with
nipple discharge and a control group of 56 healthy parturient participants were enrolled in
the present study. Nipple discharge samples were preoperatively collected from the
patients, and milk was collected from the colostrum of the parturient participants. The sam-
ples were assayed for the CEA, CA153 and CA125 levels. Cutoff values were determined
for the detection of breast diseases using ROC curves.

Results

The levels of CEA, CA153 and CA125 were significantly different between the nipple dis-
charge and the milk (all ps < 0.001). In the nipple discharge, the CEA and CA153 levels in
the breast cancer group were significantly greater than those in the benign group (all ps <
0.001), and cutoff values of 263.3 ng/mL and 1235.3 U/mL, respectively, were established.
However, the expression of CA125 did not differ significantly between the breast cancer
and benign groups.

Conclusion

Differences in the apparent expression levels of CEA, CA153 and CA125 in patients with
nipple discharge and healthy persons were validated. The present data suggest that CEA
and CA153 might potentially be useful in the differential diagnoses of benign tumors and
breast cancer. CA125 did not seem to be useful for breast cancer detection.
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Introduction

In addition to breast masses and breast pain, nipple discharge is also a relatively common
breast complaint that accounts for up to 5% of the reasons for which women seek medical
advice [1, 2]. Patients with nipple discharge have pathological outcomes. The majority of nip-
ple discharge are spontaneous. Discharge was located in or originate from the mammary ducts
and are generally associated with benign or malignant breast tumors [3]. Among patients who
present with nipple discharge, the incidence of malignancy has been reported to range from 5%
to 21% [4-6]. A large portion of patients with nonpuerperal nipple discharge have symptoms
of spontaneous unilateral serous or bloody discharge [7]. The evaluation options for nipple dis-
charge include ultrasonography, exfoliative cytologic analysis, galactography and ductoscopy.
However, imaging examinations are not of great clinical value in the differential diagnosis of
breast cancer in patients without palpable masses. Galactography is considered a method for
determining the locations and extents of abnormalities in the duct [5, 8, 9]. Mammography can
miss 10 to 40% of early breast cancers [10-13].

Nipple discharge in the ducts of nonlactating women contain concentrated secreted proteins
from the breast ductal epithelium [14-16]. Carcinoembryonic antigen (CEA) is useful for the
diagnosis of recurrence and the prognosis of breast cancer [17, 18]. Cancer antigen 153
(CA153) is used in the management of the prognoses, metastases and recurrences of breast
cancer patients [19-21]. The preoperative levels of CEA and CA153 in the serum are well
known to significantly influence the prognosis of breast cancer [22, 23]. Cancer antigen 125
(CA125) has been found to be up-regulated in breast cancer tissues and not expressed in non-
neoplastic ducts [24]. There is a need to identify an attractive option for the screening of nipple
discharge samples that are simply and non-invasively obtained. The aim of this study was to
determine the diagnostic values of the CEA, CA153 and CA125 levels in nipple discharge com-
pared the milk of healthy controls. The present study also sought to compare tumor marker
levels between the milk of normal lactating women and the nipple discharge of patients with
breast cancer or benign lesions.

Materials and Methods
Patients

A group of 336 patients with complaints of nipple discharge were scheduled to undergo and a
group of 56 puerperal healthy controls were included in our study, which was conducted at
Qilu Hospital of Shandong University from February 2012 to May 2015. The study cohort
included women with unilateral nipple discharge. The patients had received no preoperative
treatment. The group of patients with nipple discharge was further divided into two groups
(i.e., breast cancer and benign groups) according to postoperative pathological diagnoses. The
healthy controls had no histories of cancer or breast diseases.

This study complied with the standards of the Declaration of Helsinki and the current ethi-
cal guidelines and was approved by the institutional ethical committee of Qilu Hospital of
Shandong University. Written informed consent for participation in the study was obtained
from all of the patients.

Samples

All samples were collected before any treatment was initiated and within 2 days of hospitaliza-
tion. The nipple was first cleansed with alcohol swabs to remove cellular debris. The nipple dis-
charge and milk were expressed via manual compression of the breast. No complications
occurred. Droplets of nipple discharge or milk were collected in an Eppendorf tube. The tube
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was then stored in a dedicated refrigerator at 4°C. The quantities of the collected nipple dis-
charge varied from 20 uL to 200 puL. The samples were transported to the laboratory depart-
ment within 8 hours of collection. Viscous samples were diluted up to 20-fold with normal
saline prior to centrifugation and storage at 4°C. The concentrations of CEA, CA153 and
CA125 in the nipple discharge and milk samples were quantitatively measured via an auto-
mated test system that utilized sandwich electro-chemiluminescence immunoassay (ECLIA)
kits (Roche cobas e601 analyzer, Roche Diagnostics, Indianapolis, USA). All tumor marker
assays were performed at Qilu Hospital of Shandong University according to manufacturer’s
protocol. The laboratory personnel were blinded to the clinical information. Commercial refer-
ence control sera were used for quality control and calibration.

Statistics

The patients’ characteristics were descriptively summarized. The median and interquartile
ranges were used to express the distributions of the tumor markers in the nipple discharge and
milk. Comparisons of the data between the groups were performed using Mann-Whitney U
tests. Receiver operating characteristic (ROC) analyses were used to compare the diagnostic
performances of the different tumor markers. Risk scores were assigned to all participants
according to a linear combination of the expression levels of the tumor markers that were
weighted according to the regression coefficients. Cut-off values were determined as the
parameter value that maximized the sum of the specificity and sensitivity. Positive predictive
values (PPVs), negative predictive values (NPVs) and the areas under the receiver operating
characteristic curves were calculated based on the cutoff values for CEA and CA153. All p val-
ues were two-sided, and p<0.05 was considered statistically significant. The statistical analyses
were performed using SPSS 17.0 software (SPSS Inc., Chicago, USA).

Results
Characteristics of the study populations

The characteristics of participants were summarized. This patient group included 96 patients
(median age 49, 25-76) with breast cancer and 240 patients (median age 43, 17-79) with
benign lesions. The control group (n = 56) included puerperal lactating women (median age
31, 19-42). Ninety-six patients were postoperatively pathologically confirmed to have breast
cancer including the following histological subtypes: invasive ductal carcinoma (n = 35), ductal
carcinoma in situ (n = 32), and intraductal papillary carcinoma (n = 29). Two hundred forty
patients were diagnosed with benign breast diseases that included intraductal papilloma

(n = 182) and mammary duct ectasia (n = 58).

Tumor marker levels

To study of the relationships of the CEA, CA153 and CA125 levels with breast disease, the
tumor markers levels from the cancerous breasts, the breasts with benign diseases, and the
breasts of the healthy controls were compared. The levels of CEA, CA153 and CA125 were sig-
nificantly higher in the samples from the breast cancer patients than in the control and benign
samples (all ps<0.001; Table 1). The median levels of CEA, CA153 and CA125 were elevated
by 38.7-, 3.9- and 7-fold, respectively, in the patients with breast cancer compared with the
healthy lactating controls. All of the differences between the breast cancer group and healthy
controls were significant (all p<0.001). The median tumor marker expression level exhibited a
trend toward higher values in the patients with benign lesions compared with the controls. The
levels of CEA and CA125 in the nipple discharge from the patients with benign lesions were
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Table 1. Tumor markers in milk and nipple discharge*.

Tumor Markers Breast cancer group (n = 96) Benign group (n = 240) Milk (n = 56) p Value*
CEA, ng/mL 375.4 (137.4-1662.8)° 73.0 (26.4-173.1) 9.7 (4.6-27.8)° p<0.001
CA153, U/mL 1405.2 (466.0-3479.4)° 435.4 (121.3-1291.7) 363.1 (178.1-627.6) p<0.001
CA125, U/mL 15988.0 (4986.0-48860.0) 21220.0 (4872.0-69780.0) 2296.0 (972.5-5428.0)° p<0.001

*Data are presented as median (quartiles).
#Significance level of Kruskal-Wallis test.

SSignificantly higher than the respective values in benign and healthy control groups.

°Significantly lower than the respective values in breast cancer and benign groups.

doi:10.1371/journal.pone.0157639.t001

significantly higher than those of the healthy controls with the exception of CA153 (p<0.001
for CEA and CA125, and p = 0.268 for CA153). The differences in the CEA and CA153 expres-
sions between the discharge from the breast cancer patients and those with benign lesions were
significant (all ps < 0.001). No significant difference in CA125 was observed between the
breasts with breast cancer and those with benign disease (p = 0.493).

Diagnostic performances of CEA, CA153 and CA125 in the
differentiation of breast cancer and benign disease

Fig 1 illustrates the ROC curves for each marker and the corresponding areas under the ROC
curves (AUCs). ROC analyses indicated that CEA was the best performing marker in terms of
the differentiation of breast cancer from benign disease (p<0.001). The AUCs were 0.827 for
CEA, 0.706 for CA153, and 0.464 for CA125. According to a non-parametric Mann-Whitney
U test, the CA125 levels were not significantly different (p = 0.397) between the breast cancer
and benign groups. The predicted probabilities of breast cancer diagnoses based on the CEA
and CA153 levels were used to construct a ROC curve. The AUC for the combined tumor
markers was 0.845 (95% confidence interval [CI], 0.793 to 0.897), and the sensitivity and speci-
ficity were 84.0% and 74.5%, respectively (Fig 1D). The cutoff values for CEA and CA153 (and
the combination of these markers) with ps<0.05 were determined based on the maximum
sums of the sensitivities and specificities are presented in Table 2. We used cutoff points of
263.3 ng/mL for CEA and 1235.3 U/mL for CA153, which yielded specificities of 88.4% and
71.6%, respectively, and sensitivities of 62.5% and 62.4%, respectively. Table 2 displays the sen-
sitivities, specificities, PPVs and NPV for both tumor markers. CEA exhibited the highest
specificity (88.4%), although its sensitivity was relatively low (62.5%), and CA153 exhibited a
lower specificity (71.6%). CEA and CA153 exhibited similar NPV (85.3% and 82.2%, respec-
tively), and relatively low PPVs were noted (69.6% and 46.7%, respectively). The combination
of CEA with CA153 resulted in some non-significant changes in the abovementioned parame-
ters. The combination exhibited a significantly greater sensitivity (84.0%) than CEA or CA153
alone.

Discussion

In agreement with previous studies [25-27], the most common cause of nipple discharge was
intraductal papilloma, and nipple discharge was the presenting symptom for cancer in the
present study. Our data revealed a papilloma rate of 54.2% (182 of 336) and cancer rate of
28.6% (96 of 336) among the patients with nipple discharge.

In a previous paper, the serum CEA, CA153 and CA125 levels were demonstrated to be of
great value in clinical diagnoses and to provide details for the management of breast cancer
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Fig 1. Receiver operating characteristic (ROC) curve analyses. The ROC plots for CEA (A), CA153 (B), CA125 (C) and the combination of
CEA and CA153 (D) were used to differentiate breast cancer from benign disease. AUC, area under the receiver operating characteristic curve;

Cl, confidence interval.

doi:10.1371/journal.pone.0157639.g001

recurrence and metastasis. The associations of high levels of serum CEA and CA153 with poor
prognoses have been validated [28, 29]. In patients with early or localized breast cancer, the
serum CA153 levels do not clinically benefit diagnosis [30]. There are some limitations of the
use of serum tumor markers in the diagnosis of breast cancer, such as relatively limited sensi-
tivity and specificity [20, 31]. In the present study, we selected three tumor markers (i.e., CEA,
CA153 and CA125) that are related to breast cancer and examined their expression levels in
nipple discharge samples obtained from patients with benign and malignant breast diseases
and milk samples from healthy puerperal women. The marker levels were higher in the nipple
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Table 2. Sensitivity, specificity, and areas under the curves for CEA, CA153 and combinations of these markers in nipple discharge with breast

cancer.
Tumor markers Cut-off values
CEA, ng/mL 263.3
CA153, U/mL 1235.3
CEA and CA153 0.799

Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% Cl) p values
62.5 88.4 69.6 85.3 0.827 (0.773-0.881) p<0.001

62.4 71.6 46.7 82.2 0.706 (0.643-0.769) p<0.001

84 74.5 56.1 87.6 0.845 (0.793-0.897) p<0.001

CEA, carcinoembryonic antigen; CA153, cancer antigen 153; AUC, area under the curve; Cl, confidence interval.

doi:10.1371/journal.pone.0157639.t002

discharge than in the serum and exhibited greater diagnostic specificity probably because they
are produced locally and released directly into the mammary ducts.

There is a paucity of reports that have examined the diagnostic values of the three above-
mentioned tumor markers for breast lesions with nipple discharge [16, 32, 33]. A literature
search revealed that there are no references for the levels of these markers in milk. We demon-
strated that the levels of CEA, CA153 and CA125 were higher in the patients with breast lesions
than in the healthy controls. These findings suggest that all three markers were indeed different
between the pathological nipple discharge and normal milk samples. The present results also
revealed that the expression levels of all three markers in the cancer group were significantly
greater than those in the healthy control. Elevated tumor marker levels occur during the pro-
cess of the development of tumors from nonexistent to malignant. CEA and CA125 were
expressed at different levels in the benign group and the healthy controls. No significant differ-
ence in the CA153 levels between the benign breast disease patients and the healthy controls
was observed. We conclude that qualitative changes occurred during malignant transformation
and may have resulted in an increase in the level of CA153 in the nipple discharge. In the pres-
ent study, only the elevation in the CEA level was associated with the progression from a nor-
mal state to benign disease to malignant disease.

ROC curves were utilized to compare the tumor marker levels between the patients with
benign and malignant diseases. CEA exhibited a greater AUC compared with the other tumor
markers and thus better differentiated between the patients with breast cancer and those with
benign diseases (0.827 vs. 0.706 and 0.464). CA125 did not significantly differ between the
breast cancer and benign groups. As a potential marker in nipple discharge, CA125 has exhib-
ited limited reliability in the differentiation of benign and malignant breast lesions. The diag-
nostic values of the CEA and CA153 levels in the nipple discharge were 263.3 ng/mL and
1235.3 U/mL, respectively, and these markers exhibited relatively satisfactory specificities
(88.4% and 71.6%, respectively). Additionally, the diagnostic performance of the combination
of the two markers (CEA and CA153) was comparable to those of the individual markers. ROC
analysis revealed that the AUC for the combination of markers was at the cutoff of 0.845.
Moreover, the sensitivity increased to 84.0%. However, the combined markers exhibited good
sensitivity but relatively poor specificity in the diagnosis of breast cancer.

Summarizing our results, we recommend that CEA and CA153 should be used as informa-
tive tumor markers in the diagnosis of breast cancer with nipple discharge. We suggest that the
measured cutoff values for CEA and CA153 be used for patients with nipple discharge because
these values were able to differentiate between cancer and benign lesions. The determination of
tumor markers in nipple discharge has been proposed as an alternative, noninvasive method of
establishing the diagnosis of breast cancer. We recommend that patients with elevated CEA
and CA153 levels suggestive of breast cancer receive subsequent examinations or clinical
interventions.
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We are aware of some potential limitations of the present study. The samples included in
the study came only from Qilu Hospital of Shandong University, which might have influenced
the representativeness of the research group. Further research involving multi-center studies is
necessary to achieve a better understanding of the relationship between tumor markers and
breast diseases. We did not evaluate whether high CEA, CA153 and CA125 tumor marker lev-
els reflected high tumor burden or poor outcomes. Studies with long-term follow-up data
regarding patient prognoses and survival rates are necessary.

In conclusion, the use of the expression levels of CEA, CA153 and CA125 to distinguish
patients with nipple discharge from healthy people were validated. CEA and CA153 levels in
nipple discharge were useful for differentiating between breast cancer patients and those with
benign tumors. CA125 did not seem to be useful for breast cancer detection. The combination
of CEA and CA153 exhibited considerable clinical value for the diagnosis of breast cancer and
a much greater sensitivity than CEA or CA153 alone. We propose that CEA and CA153 could
be used to develop a non-invasive screening tool for the diagnostic evaluation of nipple
discharge.
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