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Abstract

Previous studies have indicated that carcinoembryonic antigen (CEA) and cancer antigen
15-3 (CA15-3) levels are both independent prognostic factors in breast cancer. However,
the utility of CEA and CA15-3 levels as conventional cancer biomarkers in patients with tri-
ple-negative breast cancer (TNBC) remains controversial. The current study was performed
to explore the predictive value of pre-therapeutic serum CEA and CA15-3 levels, and nomo-
grams were developed including these serum cancer biomarkers to improve the prognostic
evaluation of TNBC patients. Pre-therapeutic CA15-3 and CEA concentrations were mea-
sured in 247 patients with stage |-V TNBC. Kaplan-Meier analysis showed that TNBC
patients with high levels of both CEA and CA15-3 had shorter overall survival (OS) and dis-
ease-free survival (DFS) rates than those in the low-level groups (p<0.05). Multivariate
analysis suggested that pre-therapeutic CA15-3 and CEA levels are independent predictive
elements for OS (p = 0.022 and p = 0.040, respectively) and DFS (p = 0.023 and p = 0.028,
respectively). In addition, novel nomograms were established and validated to provide per-
sonal forecasts of OS and DFS for patients with TNBC. These novel nomograms may help
physicians to select the optimal treatment plans to ensure the best outcomes for TNBC
patients.

Introduction

Triple-negative breast cancer (TNBC) is a hypotype of breast cancer that is immunohisto-

chemically based on the negative expression of the hormone receptors estrogen receptor (ER)
and progesterone receptor (PR) and on the negative amplification of HER2 amplification[1].
Although the incidence of TNBC only accounts for a small proportion (10-17%) of all breast
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cancers, most TNBC patients are diagnosed with higher lymph node metastasis and mortality
risk than patients with other types of breast cancer in the first five years[2-4]. Because of the
absence of the expression of HER2 or ER and PR, chemotherapy is the only treatment choice
for patients with TNBC[5]. However, once resistance to chemotherapy drugs occurs, the loss of
life quality and sustained upward mortality rate of malignant patients will be out of control.
Therefore, it is necessary to ascertain safe and practical evaluation indicators to assist both
short-term and long-term treatment decisions of TNBC patients to improve survival rates.
Recently, numerous studies have reported the opposite effects of some elevated blood biochem-
ical values[6-9] and the predictive significance of pre-operative levels of carcinoembryonic
antigen (CEA) and cancer antigen 15-3 (CA15-3)[10-13] in different tumor populations.

In particular, the predictive effect of pre-operative CEA and CA15-3 levels in breast cancer
has gained increasing attention. Pre-operative CEA and CA15-3 levels may offer valuable
information for the prognosis of breast cancer[14-16]. However, the predictive significance of
these levels in breast cancer remains ambiguous due to the limitation of the number of cases
[13,16,17]. Recently, nomograms have been shown to provide more precise individualized dis-
ease-related risk estimations compared to the traditional TNM staging systems[18,19]. Nomo-
grams provide a visual representation of the regression equation and could help physicians to
better utilize sophisticated statistical results. However, there is a lack of related literature pro-
viding accurate predictive nomograms of CEA and CA15-3, which are common clinical hema-
tology indexes. Therefore, the objective and significance of this study were to inquire into the
prognostic roles of pre-therapeutic CEA and CA15-3 levels by building a nomogram for
resected TNBC based on known traditional clinicopathological prognostic factors.

Materials and Methods
Patients and methods

Clinical analysis was performed for 247 female patients, and all of them were definitively diag-
nosed with triple-negative breast cancer and were treated with modified radical mastectomy at
the Sun Yat-sen University Cancer Center (SYSUCC) in Guangzhou, China, between January
2004 and December 2009. The ethics boards of Sun Yat-sen University Cancer Center granted
ethical approval (NO.YB2016-002-03), and all patients provided written information consent.
The inclusion criteria were as follows: clear pathological reports of TNBC, with no prior pre-
operative anti-cancer treatments before the collection of autologous whole blood and serum
tumor marker data. The exclusion criteria were as follows: (1) patients with coexisting cancers;
(2) initial records of blood biochemical tests after treatment; (3) active infectious or other auto-
immune disorders; (4) people without follow up; and (5) the lack of other necessary
information.

Clinical data collection

The medical records were evaluated by electronic chart review, and each patient’s medical his-
tory, age, BMI, menopausal status, and main pathological information (such as tumor size,
lymph node status, hormonal status, HER?2 status, histological grade, and laboratory data) were
obtained. The clinical typing and staging of the malignant tumor were identified by the TNM
staging system according to the AJCC (American Joint Committee on Cancer Classification,
7th edition, http://www.cancerstaging.org). Triple-negative breast cancer, just as its name
implies, was confirmed by ER-, PR-, HER2- status. The absence of hormone receptor expres-
sion was stipulated based on the positive staining for ER and/or PR in less than 10% of cancer-
ous cell nuclei, and the state of HER2 was defined according to the ASCO guidelines. Two
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hundred thirty patients (93.1%) underwent adjuvant chemotherapy, and 52 patients (21.1%)
received adjuvant radiotherapy treatment.

Hematological parameters

The serum tumor marker levels of CEA and CA 15-3 were obtained using an automatic elec-
trochemistry luminescence immunoassay system (ROCHE E170; Roche, Germany). The cut-
off values of CEA and CA15-3 by the X-tile program were 6.0 ng/ml and 21.8 U/ml, respec-
tively. Additionally, the value was considered to be high or low by comparing results with the
cut-off value.

Follow-up and study endpoints

In the first 3 years, the patients were followed up by telephone every 3 months and then every
1-year until relapse or death. The day of the acquisition of definitive pathological results was
defined as the initial day of follow-up, and the last follow-up date was November 27, 2015 for
all of the available patients. The primary observation endpoints of the study were disease-free
survival (DFS), and overall survival (OS). Disease-free survival was estimated from the date of
the acquisition of definitive pathological results to the date of local recurrence or distant metas-
tasis, death, or new neoplasms. Overall survival was estimated from the date of the acquisition
of definitive pathological results to death or the date of the last follow-up.

Statistical analysis

The optimal cut-off points for the serum cancer biomarkers of survival were determined by the
minimum P value from log-rank X statistics using the X-tile 3.6.1 software (Yale University,
New Haven, CT, USA)[20]. Statistical analyses were performed using SPSS 20.0 (SPSS, Chi-
cago, IL, USA). The correlation between the patients’ characteristics and pre-therapeutic serum
biomarkers was assessed by unpaired t-test or one-way analysis of variance (ANOVA), and
deviations between the proportions were tested using the chi-squared test. It is essential to
investigate the survival analyses and differences between the groups by the Kaplan-Meier
method and log-rank test. The independent variables related to OS and DFS were confirmed
using univariate and multivariate analyses. All of the statistically significant variables in univar-
iate analyses were incorporated into multivariate analyses, and variables with a P >0.05 were
eliminated. According to the results of the multivariable analysis, nomograms were established
respectively by R 3.2.4 (http://www.r-project.org) using the survival and rms package[21]. The
capability of the model for prognosis was judged by Harrell’s concordance index (C-index).
The upper bound of the c-index is 1.0, forecasting an ideal differentiation, whereas 0.5 repre-
sents only half of the chance to correctly differentiate the outcome. Calibration curves of the
nomograms for the 5-year OS and DFS were implemented by collating the prognostic survival
and actual survival after error correction. P values less than 0.05 were considered statistically
significant.

Results
Patient characteristics

In total, 247 female patients who were pathologically confirmed as having TNBC were incorpo-
rated after qualification review from January 2004 to December 2009. The screening process is
given in Fig 1. Among the 247 breast cancer patients, 108 (43.7%) developed recurrence, and
104 patients (42.1%) died during a median of 84 months (range: 2-141 months) follow-up
time. The pathological classification of the 210 cases (85.0%) was invasive ductal carcinoma
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-
Patients intially diagnosed by pathology as TNBC between January 2004
and December 2009 at Sun Yat-sen University Cancer Center (n=502)

Triple negative breast cancer patients with follow up (n=469)

+  With coexisting cancers (n=32)

+ Original records of blood biochemical test after
,,,,,,,,,,,,,, ) treatment (n=83)

+  With active infectious or other autoimmune

I disorders (n=51)

+ The lack of other necessary information (n=56)

247 patients were included in the final analysis

Fig 1. Flow chart of patient selection.

doi:10.1371/journal.pone.0161902.g001

(S1 Table). The median age of the patients was 46.8 years (range: 22-79 years), and 163
(66.0%) patients were younger than 50 years of age. The patient characteristics and correlation
between pre-therapeutic CEA and CA153 levels and clinicopathological variables of TNBC
cases are displayed in Table 1. The mean value of the pre-therapeutic CEA level was 8.83+
54.67 ng/ml, and it was correlated with tumor status, N status, and TNM staging (all p < 0.05).
The mean value of the CA15-3 level was 23.89+45.40 U/ml, and it was correlated with tumor
status, N status, TNM staging, and histological grade (all p < 0.05). In addition, patients with a
high level of tumor status, TNM staging, and histological grade showed a higher CA15-3 level
(p < 0.05). Other characteristics were not correlated with pre-therapeutic levels of the tumor
markers (p > 0.05).

Cut-off value of pre-therapeutic CEA and CA15-3 levels

The optimal cut-off values of the pre-therapeutic CEA and CA15-3 levels for OS forecasting were
identified as 6.0 ng/ml and 21.8 U/ml, respectively, using the X-tile program (Fig 2A). The
log-rank values of CEA and CA15-3 were 10.96 (p = 0.024) and 23.93 (p < 0.001), respectively.
The patients were grouped according to the cut-off values for further study (CEA < 6.0 ng/ml
and > 6.0 ng/ml; CA15-3 < 21.8 U/ml and > 21.8 U/ml). Kaplan-Meier survival analysis
revealed that CEA > 6.0 ng/ml and CA15-3 > 21.8 U/ml were remarkably associated with
reduced OS and DFS (P < 0.001) (Fig 3). As before, the cut-off values of the CEA and CA15-3
levels for DFS were also calculated as 6.0 ng/ml and 22.6 U/ml, respectively, using the X-tile pro-
gram (Fig 2B), with log-rank values of 12.54 (p = 0.012) and 23.75 (p < 0.001), respectively. The
cut-off values of OS were applied to the latter analysis to maintain the consistent criterion and
avoid confusion because of the minor difference between DFS and OS.

X-tile analysis was accomplished based on statistics drawn from the patient records, which
were evenly divided into two groups: a training group and a validation group. The plans of the
training groups are displayed in the left column figures, with graphs of the corresponding vali-
dation groups displayed in the smaller inset. The optimal separation marked by the black dot
in the left column figures is exhibited as a histogram (middle column figures) and a Kaplan-
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Table 1. Correlation between pre-therapeutic CEA and CA153 levels and clinicopathological variables of TNBC cases.

Variables Cases CEA (ng/ml) Patients, n (%) CA15-3(U/ml) Patients, n (%)
(n=247) MeanSD P2 Low CEA | High CEA PP | MeantSD p? Low CA15-3 | High CA15-3 PP
(<=6.0) (>6.0) (<=21.8) (>21.8)
Age (years) 0.434 0.266 0.526 0.783
<=50 163 6.88 149(91.4%) | 14(8.6%) 25.21 125(76.7%) | 38(23.3%)
+37.35 +51.98
>50 84 12.64 73(86.9%) | 11(13.1%) 21.33 66(78.6%) 18(21.4%)
+78.19 +28.73
Gender
Female 247 8.84 222(89.9%) | 25(10.1%) 23.89 191(77.3%) | 56(22.7%)
+54.67 +45.40
Menopause 0.383 0.806 0.774 0.302
no 103 12.43 92(89.3%) | 11(10.7%) 24.87 83(80.6%) 20(19.4%)
+74.41 +57.37
yes 104 6.27 130(90.3%) | 14(9.7%) 23.19 108(75.0%) | 36(25.0%)
+34.30 +34.60
BMI 0.933 0.992 0.235 0.089
<=25 186 9.03 167(89.8% | 19(10.2%) 21.93 149(80.1%) | 37(19.9%)
+59.86 +33.10
>25 59 8.50 53(89.8%) | 6(10.2%) 30.03 41(69.5%) 18(30.5%)
+35.31 +72.05
Tumor status 0.082 0.001 <0.001 <0.001
* * *
T 69 2.08+1.06 69(100.0%) | 0(0.0%) 21.09 63(91.3%) 6(8.7%)
16.43
T2 147 11.39 128(87.1%) | 19(12.9%) 23.02 111(75.5%) | 36(24.5%)
+67.58 +32.36
T3 15 3.17+3.10 12(80.0%) | 3(20.0%) 34.27 10(66.7%) 5(33.3%)
+54.13
T4 16 19.81 13(81.2%) | 3(18.8%) 73.01 7(43.8%) 9(56.2%)
164.18 +131.74
N status <0.049 0.018 0.085 0.002 *
* *
0 127 2.21+2.23 121(95.3%) | 6(4.7%) 17.55 108(85.0%) | 19(15.0%)
+28.81
1 71 24.11 60(84.5%) | 11(15.5%) 29.28 54(76.1%) | 17(23.9%)
+100.72 +67.71
2 39 4.2615.38 32(82.1%) | 7(17.9%) 36.34 22(56.4%) 17(43.6%)
+41.93
3 10 2.42+2.12 9(90.0%) 1(10.0%) 17.55 7(70.0%) 3(30.0%)
+10.67
TNM Staging 0.261 0.010 0.001 * <0.001
* *
[ 52 1.98+1.08 52(100.0%) | 0(0.0%) 11.72 48(92.3%) 4(7.7%)
+5.93
Il 131 11.77 116(88.5%) | 15(11.5%) 21.14 104(79.4%) | 27(20.6%)
+71.41 +33.33
11l 56 8.23 47(83.9%) | 9(16.1%) 37.04 36(64.3%) 20(35.7%)
+34.57 +74.74
v 8 9.65 7(87.5%) 1(12.5%) 56.01 3(37.5%) 5(63.5%)
+20.58 +62.05
Histological 0.384 0.055 0.013 * 0.006 *
grade
(Continued)
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Table 1. (Continued)

Variables Cases CEA (ng/ml) Patients, n (%) CA15-3(U/ml) Patients, n (%)
(n=247) MeanSD p? Low CEA | High CEA PP | MeantSD p? Low CA15-3 | High CA15-3 PP
(<=6.0) (>6.0) (<=21.8) (>21.8)
G1/G2 124 5.82 116(93.5%) | 9(6.5%) 16.75 105(84.7%) | 19(15.3%)
+35.82 +21.82
G3 123 11.88 106(86.2%) | 17(13.8%) 31.09 86(69.9%) 37(30.1%)
+68.66 +59.77
Adjuvant 0.692 0.685 0.532 0.930
chemotherapy
no 17 3.75+5.33 15(88.2%) | 2(11.8%) 17.23 13(76.5%) 4(23.5%)
+10.84
yes 230 9.21 207(90.0%) | 23(10.0%) 24.38 178(77.4) 52(22.6%)
156.63 +46.93
Adjuvant 0.541 0.157 0.943 0.231
radiotherapy
no 195 9.94 178(91.3%) | 17(8.7%) 23.81 154(70.0%) 41(21.0)
1+61.17 +48.63
yes 52 4.71 44(84.6%) | 8(15.4%) 24.20 37(71.2%) 15(28.8%)
+12.68 +30.74

* p < 0.05, statistically significant.

G1: well differentiated; G2: moderately differentiated; G3: poorly differentiated
T1: <2 (cm); T2: 2< but <5 (cm); T3: >5 (cm); T4: invasion of chest wall and skin
NO: no regional lymph node metastasis; N1: metastasis involving 1-3 lymph nodes; N2: metastasis involving 4-9 lymph nodes; N3: metastasis involving

>10 lymph nodes

a Using t test or ANOVA, P < 0.05 was considered statistically significant.

b Using Chi-squared test, P < 0.05 was considered statistically significant.

Abbreviations: TNBC: triple-negative breast cancer, BMI: body mass index, N status: node status, TNM: a certain stage comes from the comprehensive
assessment of tumor status, regional lymph node status and metastasis status, CEA: carcinoembryonic antigen, CA15-3: cancer antigen 15-3.

doi:10.1371/journal.pone.0161902.t001

Meier curve (right column figures). P values were calculated by adopting the dividing point
shown in the training group and using it in the validation group as follows: (a) The optimal
cut-off values for the CEA and CA15-3 levels regarding OS were 6.0 ng/ml (x> = 10.96,
p=0.024) and 21.8 U/ml (x* = 23.93, p < 0.001), respectively; (b) The optimal cut-off values
for the CEA and CA15-3 levels regarding DFS were 6.0 ng/ml (x> = 12.54, p = 0.012) and 22.6
U/ml (* = 23.75, p < 0.001), respectively.

Survival and prognostic value of the CEA and CA15-3 levels

The 10-year OS and DEFS rates were 56.0% and 54.0%, respectively, for all 247 patients, and the
average survival times were 102.0 (95% CI: 96.106-108.003) months and 94.3 (95% CI: 87.448-
101.173) months, respectively (SI Fig). As the Kaplan-Meier curve implied, high CEA and
CA15-3 concentrations had shorter OS and DFS rates than those in the low-level groups of
TNBC patients (Fig 3 and S2 Table). For TNBC patients, the negative correlation of pre-thera-
peutic CEA (HR: 2.293; 95% CI: 1.377-3.816; P = 0.001) and CA15-3 (HR: 2.627; 95% CI:
1.759-3.923; P < 0.001) levels with OS were significant, along with other parameters, such as
the tumor status, N status, TNM staging, and histological grade, in the univariate analysis
(Table 2). Similarly, the univariate analysis showed that a worse DFS was associated with high
CEA (HR: 2.412; 95% CI: 1.452-4.007; P = 0.001) and CA15-3 (HR: 2.586; 95% CI: 1.738-
3.847; P < 0.001) levels along with other parameters, including tumor status, N status, TNM

PLOS ONE | DOI:10.1371/journal.pone.0161902 August 25, 2016
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Fig 3. Kaplan—Meier evaluation of the probability of survival for patients with TNBC according to the
serum markers in the classification. (a and b). The overall survival (OS) rate and disease-free survival
(DFS) rate of the TNBC patients at different CA15-3 levels. (c and d). The overall survival (OS) rate and
disease-free survival (DFS) rate of the TNBC patients at different CEA levels.

doi:10.1371/journal.pone.0161902.g003

staging, and histological grade (Table 2). Multivariate analysis indicated that traditional clini-
copathological factors (such as tumor status, N status or histological grade) were also shown to
have independent prognostic value regarding OS or DFS, but the overall TNM stage lost the
independent prognostic value. Moreover, CA15-3 and CEA remained as independent predic-
tive indexes for OS and DFS (P < 0.05) in multivariate analysis (Table 3).

Formulation and Verification of Nomograms for Prognostic Estimation of
TNBC Patients

To evaluate the OS and DEFS of patients with TNBC, nomograms were built based on notable
independent elements for OS and DFS in the multivariate Cox regression model (Fig 4A and
4B). Nomograms can be understood by summing up each parameter score, which is shown at
the top of the scale. Finding the corresponding point within the axis of total points and drawing
a perpendicular line to the axis of survival probability (such as the 3-year survival or 5-year sur-
vival), the point of intersection is the patient's 3-year or 5-year odds of survival and relapse for
an individual. For example, for OS, values for Histological grade of 3, N-stage 2, CEA >6 and
CA15-3 >21.8 will obtain a total score of approximately 148 which means the probability for
3-year survival is 0.45 and that for 5-year survival is 0.15. The C-index values of the OS and
DFS forecast were 0.664 (95% CI: 0.613-0.714) and 0.673 (95% CI: 0.626-0.720), respectively.
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Table 2. Univariate COX regression analysis for Overall Survival and Disease-free Survival in patients with TNBC.

Variables Overall Survival Disease-free Survival
HR (95% CI) p value HR (95% CI) p value
Age (years) (<50 vs>50) 1.253 0.846-1.858 0.261 1.341 0.912-1.972 0.136
Menopause (no vs yes) 0.998 0.676—1.471 0.990 0.943 0.644-1.379 0.762
Tumor status
T1 reference reference
T2 1.676 1.003-2.801 0.049* 1.890 1.135-3.146 0.014*
T3 2.593 1.173-5.736 0.019* 2.909 1.315-6.433 0.008*
T4 5.570 2.736-11.340 <0.001* 6.090 2.994-12.388 <0.001*
N status
0 reference reference
1 1.691 1.043-2.744 0.033* 1.449 0.905-2.322 0.123
2 3.958 2.406-6.513 <0.001* 3.787 2.335-6.141 <0.001*
3 6.571 3.134-13.777 <0.001* 5.140 2.484-10.637 <0.001*
TNM staging (I-1 vs llI-IV) 3.260 2.197-4.837 <0.001* 3.091 2.103-4.543 <0.001*
Histological grade (G1/G2 vs G3) 2.150 1.438-3.214 <0.001* 1.995 1.351-2.945 0.001*
CEA (High/Low) 2.293 1.377-3.816 0.001* 2.412 1.452-4.007 0.001*
CA15-3 (High/Low) 2.627 1.759-3.923 <0.001* 2.586 1.738-3.847 <0.001*

* p < 0.05, statistically significant.

T1: <2 (cm); T2: 2< but <5 (cm); T3: >5 (cm); T4: invasion of the chest wall and skin.

NO: no regional lymph node metastasis; N1: metastasis involving 1-3 lymph nodes; N2: metastasis involving 4-9 lymph nodes; metastasis involving N3:
>10 lymph nodes; TNM: a certain stage comes from the comprehensive assessment of tumor status.

Abbreviations: TNBC: triple-negative breast cancer, OS: overall survival, DFS: disease-free survival, HR: hazard ratio, 95% CI: 95% confidential interval.

doi:10.1371/journal.pone.0161902.t002

The calibration curves for the two nomograms (Fig 4C and 4D) presented the acceptability and
conformance in the original cohort between the nomogram forecast and actual observation for
the 5-year OS or DFS.

Risk-stratified groups based on the Nomogram within each TNM stage

In addition to numerically contrasting the discriminating power by the C-index, the indepen-
dent discriminating power of the nomogram preceding standard TNM staging was also illus-
trated. By dividing the TNBC patients into three distinct subgroups based on the total scores
(score of OS from the nomogram: 0 to 43, 43 to 89, and >89; score of DES: 0-36, 36-115,
and>115), each group corresponded to a distinct prognosis (S3 Table). After applying the cut-
off values of OS or DFS to group the TNBC patients, stratification analysis of distinct sub-
groups showed remarkable differences between the Kaplan-Meier survival curves within each
TNM stage (Fig 5).

Discussion

The predictive values of serum cancer biomarkers have been documented for several types of
cancer, including breast cancer[22,23]. Clinical stages and molecular classification are the two
primary factors of current therapeutic decision-making and forecasts of the prognosis of breast
cancer. Nevertheless, this classification does not satisty the medical need for a specific sub-
group. Additional biomarkers are urgently required to guide treatment and estimate the prog-
nosis[24,25]. In current research, our multivariate analysis revealed that CEA and CA15-3
were independently negative predictive determinants for both OS and DFS in TNBC patients.
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Table 3. Multivariate COX regression analysis for Overall Survival and Disease-free Survival in patients with TNBC.

Variables Overall Survival Disease-free Survival
HR (95% CI) p value HR (95% Cl) p value
Tumor status
T1 reference reference
T2 1.165 0.673-2.014 0.585 1.406 0.821-2.409 0.215
T3 1.073 0.429-2.684 0.880 1.490 0.599-3.702 0.391
T4 2.592 0.979-6.861 0.055 4.473 1.640-12.201 0.003*
N status
0 reference reference
1 1.259 0.743-2.133 0.392 1.072 0.643-1.785 0.790
2 2.622 0.969-7.101 0.058 3.763 1.352-10.474 0.011*
3 6.654 2.059-21.497 0.002* 7.858 2.342-26.364 0.001*
Histological grade (G1/G2 vs G3) 1.584 1.033-2.429 0.035* 1.498 0.994-2.256 1.498
TNM staging (I-I/111-1V) 0.951 0.348-2.596 0.922 0.609 0.215-1.724 0.350
CEA (High/Low) 1.765 1.027-3.035 0.040* 1.836 1.066-3.161 0.028*
CA15-3 (High/Low) 1.694 1.077-2.664 0.022* 1.672 1.072-2.609 0.023*

* p < 0.05, statistically significant.

T1: <2 (cm); T2: 2< but <5 (cm); T3: >5 (cm); T4: invasion of the chest wall and skin.

NO: no regional lymph node metastasis; N1: metastasis involving 1-3 lymph nodes; N2: metastasis involving 4-9 lymph nodes; N3: metastasis involving
>10 lymph nodes; TNM: a certain stage comes from the comprehensive assessment of tumor status.

Abbreviations: TNBC: triple-negative breast cancer, OS: overall survival, DFS: disease-free survival, HR: hazard ratio, 95% CI: 95% confidential interval.

doi:10.1371/journal.pone.0161902.t003

However, TNM staging did not show any prognostic value for both DFS and OS, probably
because the powerful prognostic ability of CEA and CA15-3 influenced the predictive function
of TNM staging in addition to the tumor status, N status, and histological grade in the multi-
variate analysis (Table 3). Furthermore, the nomograms, which incorporate proper risk factors
according to multivariate analysis, enables the doctor to obtain a better personalized estimation
of the prognosis in routine clinical practice. Thus, nomograms may be better than the tradi-
tional TNM staging systems in several cancers[26]. Validation of the nomogram is indispens-
able to avoid over-fitting of the matrix and identify its universality[27]. In the present study,
the calibration map displayed first-rank consistency between the forecast and actual observa-
tion, supporting the reproducibility and dependability of the created nomogram. Subsequently,
we adopted 3 cut-off points for the OS and DFS, which showed more prognostic accuracy than
classic TNM staging (Fig 5).

TNBC is an invasive phenotype that carries a worse prognosis than other luminal tumors
[28,29] and represents a subclass of breast cancers with diverse clinical characterization and
outcome, significant hazards, molecular characteristics and response to therapy[30]. However,
serum markers may offer useful information about the phenotype of breast cancer at the early
stage, when the acquisition of tissue specimens is not available in some cases[31]. Despite these
supposed advantages, the associations between pre-therapeutic marker levels and prognosis in
TNBC have not been elaborately investigated yet. Shao et al.[15] and Park et al.[13] showed a
negative prognostic role of the CEA and CA15-3 levels in 432 and 740 breast cancer patients,
respectively, with few data analyses of TNBC. However, increasingly more serum biomarkers
were indicated as prognostic factors, and few nomograms were published to improve the man-
agement of patients with TNBC. In clinical research, a remarkable correlation was found
between symptomatic metastasis and high CEA and CA15-3 concentrations in breast cancer
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PLOS ONE | DOI:10.1371/journal.pone.0161902 August 25, 2016 11/16



el e
@ ) PLOS ‘ ONE Prognostic Value of CA15-3 and CEA in TNBC

graphs for the 5-year OS and DFS are shown. The x-axis represents the nomogram-forecasted chance of survival, and the y-axis
represents the survival rate. The imaginary line is diagonal and shows ideal matching.

doi:10.1371/journal.pone.0161902.g004

patients[32]. Furthermore, our study observed that patients with high-level markers showed
worse outcomes than those with low levels (S2 Table). Because serum markers are relatively
convenient and inexpensive to obtain, routine inspection of their levels could offer some valu-
able feedback for the accurate forecast of outcomes.

As shown in several studies[15,33], higher levels of preoperative serum tumor markers rep-
resent tumor burden, which is linked to the tumor size and lymph node metastasis and predicts
poorer survival in breast cancer. As expected, distinctly higher tumor biomarker levels were
noted in the tumor status and TNM staging, suggesting a relationship between high levels of
tumor biomarkers and tumor load (Table 1). Because the level of CA15-3 was closely correlated
with the metastasis of the venous and lymphatic vasculature[34], a high CA 15-3 concentration
at the beginning could predict a worse breast cancer outcome[35]. In particular, the prognostic
implication of TNM staging was completely ruled out in the multivariate analysis with the
incorporation of other classical predictive elements such as tumor status and nodal status
(Table 3).

On account of lacking organ and tumor specificity and low sensitivity, the use of tumor
markers for therapeutic decisions was generally invalidated[36]. Nevertheless, other studies
have suggested that the pre-operative level of tumor markers could be helpful in association
with other indicators to judge whether additional treatment should be executed[31,37], and
our nomogram scoring system could help physicians to handle such issues. Furthermore,
higher levels may imply a greater possibility of recurrence, and a study assessing preemptive
therapy upon incremental tumor marker concentrations displayed better outcomes than the
controls[38]. In addition, it has been suggested that biochemical assessment may lead to saving
almost 50% of expenses compared with detection by clinical diagnostic standards, which usu-
ally require costly medical imaging techniques, such as magnetic resonance imaging[39,40]. To
our knowledge, this study is the first to combine nomograms with frequently used tumor mark-
ers for the prognostic assessment of TNBC patients. Both clinicians and patients could obtain a
personalized prognosis prediction after surgery via this convenient assessment method. More-
over, high-level pre-therapeutic serum tumor markers may be advantageous in estimating
high-risk groups and in guiding subsequent therapy, for which the aforementioned speculation
may be changed.

We must acknowledge the limitations in our retrospective study. On the one hand, our
study relied exclusively on a single-institutional database, although eligibility criteria were for-
mulated to minimize the selective bias. On the other hand, the accuracy of our nomograms
should be assessed by external validation, which would help evaluate whether our nomograms
may be appropriate for a new population and then generalized to other populations.

In general, we built novel nomograms to forecast the OS and DFS of patients with TNBC.
With the help of this model, physicians may consider the proper utilization of the pre-thera-
peutic serum levels of CEA and CA15-3 to more effectively predict the survival rate of patients
and discern subgroups of patients who should undergo a specific treatment strategy if neces-
sary. In addition, if the pre-therapeutic serum CEA and CA15-3 levels could be combined with
other efficient molecular factors (e.g., BRCA2 mutation) to provide further prognostic infor-
mation, it may be beneficial in treatment implementation. In the meantime, further clinical tri-
als, including a perspective cohort study, are required to illustrate and improve the validity of
this model in the therapeutic decision-making field for breast cancer.
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Fig 5. Risk group stratification Analysis At Each TNM stage. (a and b). The OS and DFS of all patients with TNBC in the
different score groups. (c-j). The OS and DFS of patients with TNBC at different stages. Only subgroups with more than 10
patients are shown in the graphs. NR, not reached.

doi:10.1371/journal.pone.0161902.g005
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