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Abstract

Background: The aim of the study was to investigate the relation-
ship between serum carcinoembryonic antigen (CEA), cancer antigen
15-3 (CA15-3), and cancer antigen 125 (CA125) levels and tradition-
al clinicopathological factors in patients with early invasive breast
cancer in Xinjiang, and the influence of those serum markers on the
prognosis of patients with different molecular subtypes.

Methods: We conducted a retrospective study based on the clinical
data of 2,940 invasive breast cancer patients who were diagnosed and
treated at the Affiliated Cancer Hospital of Xinjiang Medical Univer-
sity from 2015 to 2019. Firstly, in this study, preoperative serum CEA,
CA15-3, and CA125 levels were divided into elevated and normal
groups based on the optimal cut-off values. Secondly, Chi-square test
was used to analyze the correlation between the elevated and normal
groups of CEA, CA15-3, and CA125 and traditional clinicopathologi-
cal factors. Finally, Cox regression model was also used to evaluate
the effect of preoperative CEA, CA15-3, and CA125 elevated groups
on the prognosis of patients with different molecular subtypes com-
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pared with normal groups.

Results: The optimal cut-off values for preoperative CEA, CA15-3,
and CA125 were 4.32 ng/mL, 23.10 U/mL and 29.80 U/mL, respec-
tively. The elevated group of preoperative CEA, CA15-3, and CA125
patients usually had larger tumors (tumor size: T2-4), later clinical
staging (TNM stage: II-III), and higher histological grading (histo-
logical grade: II-IIT). Univariate analysis showed that the overall sur-
vival (OS) of preoperative CEA, CA15-3, and CA125 patients in the
elevated group was lower than that in the normal group (P < 0.0001),
the 5-year OS was 76.63% vs. 95.35%, 74.34% vs. 95.60%, and
83.73% vs. 94.71%, respectively. Multivariate analysis revealed that
for the luminal A, compared with the normal group, the hazard ratios
(HRs) of preoperative CEA, CA15-3, and CA125 elevated groups
were 6.475 (95% confidence interval (CI): 1.850 - 22.66), 5.192 (95%
CI: 1.153 - 23.38), and 7.294 (95% CI: 1.152 - 46.18), respectively.
However, for the luminal B, elevated levels of CEA, CA15-3, and
CA125 were not independent prognostic factors for OS. For the hu-
man epidermal growth factor receptor-2 (HER2)-enriched, the HR
of preoperative CA15-3 elevated group was 3.155 (95% CI: 1.325
- 7.509). Additionally, for the triple-negative breast cancer, the HR of
preoperative CEA elevated group was 2.390 (95% CI: 1.247 - 4.583).

Conclusions: High levels of CEA, CA15-3, and CA125 were posi-
tively correlated with increased tumor load. Preoperative CEA,
CA15-3, and CA125 levels may have different prognostic effects on
patients with different molecular subtypes. Particularly, preoperative
elevated levels of CEA have a significant adverse impact on the prog-
nosis of luminal A and triple-negative patients, while preoperative
elevated levels of CA15-3 have an adverse effect on the prognosis of
luminal A and HER-positive patients.

Keywords: Breast cancer; Serum tumor markers; Molecular subtype;
Prognosis

Introduction

Breast cancer is the first of the three most common cancers
among women [1]. According to the 2020 Global Cancer Sta-
tistics Report [2], breast cancer has become the one with the
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largest number of new cases, accounting for 11.7% of new
cancers. The incidence and mortality of breast cancer in China
have been steadily increasing each year; in 2020, there were
416,000 new cases and 117,000 deaths of breast cancer [3].
Breast cancer is highly heterogeneous at the molecular level.
According to the estrogen receptor (ER), progesterone recep-
tor (PR), and Ki-67 index detected by immunohistochemis-
try (IHC), breast cancer can be divided into four molecular
subtypes (i.e., luminal A, luminal B, human epidermal growth
factor receptor-2 (HER2)-enriched (HER2+), and triple-nega-
tive breast cancer (TNBC)) [4], whose survival outcomes and
prognosis are different [5].

Besides some traditional pathological factors (such as tu-
mor size, TNM stage, lymph node status, hormone receptor
status, and HER2) [6], serum tumor markers (STMs) also play
an important role in the screening, early diagnosis, and treat-
ment of many malignant tumors, and have become a power-
ful tool for follow-up and monitoring efficacy of many tumor
patients [7]. STM is a protein or enzyme produced by tumor
cells or induced by them and secreted into the bloodstream that
can be detected immunologically, biologically, and chemically.
STM is almost not expressed in the blood of healthy people
but is abnormally high expressed in tumor patients [8]. There
are 13 common STMs, among which carcinoembryonic anti-
gen (CEA), cancer antigen 15-3 (CA15-3), and cancer antigen
125 (CA125) are the most widely used in breast cancer. CEA,
a cell adhesion molecule and a member of immunoglobulin
family, is the specific antigen to be firstly studied and one of
markers for breast cancer, adenocarcinoma, colorectal cancer,
and other cancers [9]. CA15-3 is a protein antigen contain-
ing carbohydrates and a product of the MUC-1 gene. Previous
studies have proved that patients with high CA15-3 level have
poor prognosis [10, 11]. CA125, also known as mucin 16 or
MUCI6, is a glycoprotein that is highly expressed in 80% of
ovarian cancer patients [12].

There is a positive correlation between preoperative serum
levels of CEA, CA15-3, and CA125 and increased tumor load.
For example, it was shown that patients with high levels of
CEA, CA15-3, and CA125 have larger tumor volume, lymph
node metastasis, and late TNM stage [8]. CA15-3 level of pa-
tients with tumor volume in stage T3 was higher than that with
T1 and T2. CA15-3 level of patients with lymph node status
> N1 was significantly higher than that of patients with NO
[13]. However, most studies on the prognosis of breast can-
cer patients with preoperative STMs have primarily focused
on overall levels, and also prognostic value of preoperative
serum CEA and CA15-3 levels in breast cancer patients were
only discussed in literature [14-16]. In addition, to our knowl-
edge, there are few studies on STMs of breast cancer patients
in Xinjiang [17]. Therefore, in this study, the clinical data of
2,940 breast cancer patients who were diagnosed and treated
at the Affiliated Cancer Hospital of Xinjiang Medical Univer-
sity were collected, the Chi-square test was used to analyze
the correlation between the levels of preoperative serum CEA,
CA15-3, and CA125 and traditional clinicopathological fac-
tors. In addition, univariate and multivariate Cox regression
models were used to investigate the influence of those levels
on the prognosis of breast cancer patients with different mo-
lecular subtypes.

Materials and Methods

Subjects

We collected the clinical data of patients with operable inva-
sive breast cancer who were diagnosed and treated at the Af-
filiated Cancer Hospital of Xinjiang Medical University from
January 1, 2015 to December 31, 2019. Inclusion criteria for
the study population were as follows: 1) female patients; 2)
patients with invasive breast cancer; 3) patients with preopera-
tive detection of STMs CEA, CA15-3, and CA125 levels; 4)
patients receiving adjuvant chemotherapy, radiotherapy, and
endocrine therapy according to international guidelines after
operation; and 5) patients with complete clinical data (Fig. 1).
Exclusion criteria were as follows: 1) male patients; 2) stage
IV patients with distant metastases at diagnosis; 3) patients re-
ceiving neoadjuvant therapy; and 4) patients with incomplete
clinical data (STMs, molecular subtypes, TNM stage, histo-
logical grade, tumor size, lymph node status, hormone receptor
status, postoperative treatment plan, etc.). Therefore, a total of
2,940 patients were included in the study according to the in-
clusion and exclusion criteria.

Ethical issues and informed consent

This study protocol strictly adheres to the ethical guidelines
of the Helsinki Declaration (sixth revision, 2008), and has
obtained written informed consent of the included subjects
or their guardians. Moreover, the design and methods of this
study have been approved by the Ethics Committee of the Can-
cer Hospital affiliated with Xinjiang Medical University (ap-
proval No. K-2023001).

Measurement of STM level

The preoperative peripheral blood samples collected by pa-
tient was 3 mL. The serum sample was centrifuged (3,000
rpm, 10 min) and stored in a refrigerator at -80 °C. The serum
CEA, CA15-3, and CA125 levels were detected by automated
chemiluminescent immunoassay system (Abbott 12000, USA).
The surv_cutpoint function [18] was used to determine the op-
timal cut-off values of preoperative serum CEA, CA15-3, and
CA125, and the optimal cut-off values were 4.32 ng/mL, 23.10
U/mL, and 29.80 U/mL, respectively. An elevated level is de-
fined as the one which higher than the optimal cut-off value,
and the normal level is defined as the one which is lower than
or equal to the optimal cut-off value.

Stratification of molecular subtypes

The status of hormone receptors ER, PR, and Ki-67 was de-
termined by IHC staining method. The HER2 status was
determined based on IHC or fluorescence in situ hybridiza-
tion (FISH) test. ER positivity and PR positivity referred to
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Patients diagnosed with invasive breast
cancer at the Affiliated Cancer Hospital of
Xinjiang Medical University, 2015-2019
(N=4220)

Male patients

(N=14)

Stage IV patients
(N=113)

Patients receiving neoadjuvant therapy
(N=213)

Patients with CEA, CA15-3 and CA125 blank (N=410)
Patients with unknown molecular typing (N=354)
Patients with unknown TNM staging (N=176)

(N=940)

Final inclusion of patients
(N=2940)

Figure 1. Flow chart for determining the research object. CEA: carcinoembryonic antigen; CA15-3: cancer antigen 15-3; CA125:

cancer antigen 125.

the presence of > 1% nuclear-stained malignant cells. HER2
positivity referred to an IHC score of 3+, or when IHC score
was 2+, the FISH test was positive if the amplification was
positive, otherwise it was negative. Breast cancer was classi-
fied into four subtypes according to the expression of the ER,
PR, HER2, and Ki-67 status [19]: 1) luminal A subtype: ER-
positive and PR-positive (> 20%), HER2-negative, Ki-67 <
14%; 2) luminal B subtype: HER2- (ER and/or PR-positive
(£20%), HER2-negative, Ki-67 > 14%) and HER2+ (ER and/
or PR-positive, HER2-positive, Ki-67 at any level); 3) HER2+
subtype: ER-negative, PR-negative and HER2-positive; and 4)
basal-like subtype: also known as TNBC, ER-negative, PR-
negative and HER2-negative.

Statistical analysis

The clinicopathological characteristics of the patients were de-
scriptively analyzed, the quantitative data were described by
the number and proportion of cases, and the categorical data
were described by the median and range because they did not
meet the normality. The %2 test was used to analyze the correla-
tion between the elevated and normal groups of CEA, CA15-
3, and CA125 and traditional clinicopathological factors. The

overall survival (OS) of patients was defined as the time from
surgery to death. The Kaplan-Meier method was applied to
estimate the OS of the elevated and normal groups for pre-
operative CEA, CA15-3, and CA125, and log-rank was used
to test whether there was a difference between the OS of two
groups. Independent prognostic factors and their hazard ratios
(HRs) of OS were obtained by univariate and multivariate
Cox regression models, and the prognostic effects of CA15-3,
CA125, and CEA levels on the overall breast cancer patients
and patients with different molecular subtypes were also ana-
lyzed. P < 0.05 considered that the difference was statistically
significant. All data in this study were statistically analyzed
using R software (version 4.3.0).

Results

Study population characteristics

As shown in Figure 1, a total of 4,220 patients with invasive
breast cancer who were diagnosed and treated at the Affiliated
Cancer Hospital of Xinjiang Medical University from Janu-
ary 1, 2015 to December 31, 2019 were included, and 2,940
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Table 1. General Characteristics of the Study Population

Factor N %
Age (years)
<50 1,119 38.1
> 50 1,821 61.9
Median 52.5(27.0-97.1)
Molecular subtype
Luminal A 448 15.2
Luminal B 1,695 57.7
HER2+ 345 11.7
TNBC 452 15.4
Treatment
Chemotherapy 1,372 50.7
Endocrine treatment 881 32.6
Radiation treatment 453 16.7
Event
Alive 2,755 93.7
Dead 185 6.3
Tumor marker
CEA (pg/L)
Normal 2,642 89.9
Elevated 298 10.1
Median 1.68 (0.5 - 1,449.1)
CA15-3 (U/mL)
Normal 2,643 89.9
Elevated 297 10.1
Median 9.7 (2.3 - 800)
CA125 (U/mL)
Normal 2,600 88.4
Elevated 340 11.6
Median 13.8 (1.9 - 1,000)

CEA: carcinoembryonic antigen; CA15-3: cancer antigen 15-3; CA125:
cancer antigen 125; HER2+: human epidermal growth factor receptor-
2-enriched; TNBC: triple-negative breast cancer.

patients were finally determined in the study according to the
inclusion and exclusion criteria. The basic clinicopathological
features of these patients are shown in Table 1. The median age
at diagnosis for patients was 52.5 (range 27.0 - 97.1) years, and
the median follow-up time was 26.9 (range 0.3 - 72) months.
Luminal B was the main molecular subtypes (57.7%), followed
by TNBC (15.4%), luminal A (15.2%), and HER2+ (11.7%).
The number of patients who received chemotherapy was the
most (1,372 cases, 50.7%), and that of patients who received
radiotherapy was the least (453 cases, 16.7%). A total of 185
(6.3%) patients died in the total population. The median levels
of preoperative CEA, CA15-3, and CA125 were 1.68 (0.5 -
1449.1) png/L, 9.7 (2.3 - 800) U/mL, and 13.8 (1.9 - 1,000) U/
mL, respectively, and there were 298, 297, and 340 patients in
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Figure 2. The distribution and comparison of preoperative serum levels
of CA125, CA15-3, and CEA in breast cancer patients in the elevated
group and the normal group. The line on the bar is an error bar. *P <
0.001 indicates a significant difference. CEA: carcinoembryonic anti-
gen; CA15-3: cancer antigen 15-3; CA125: cancer antigen 125.

the elevated group of serum CEA, CA15-3, and CA125, re-
spectively. As shown in Figure 2, preoperative levels of CEA,
CA15-3, and CA125 in the elevated group were significantly
higher than those in the normal group (Z = 28.34, 28.30, and
30.30, P<0.001,<0.001, and < 0.001).

Relationship between preoperative tumor markers and
clinicopathological factors

As shown in Table 2, preoperative CEA, CA15-3, and CA125
levels were all related to tumor size, lymph node status, TNM
stage, PR status, molecular subtype, histological grade, and
chemotherapy (P < 0.05). Especially, patients in the elevated
group of CEA and CA15-3 were more inclined to be at the T2-4
stages of tumor size (CEA, 70.8%; CA15-3, 85.8%), and usu-
ally accompanied by significant lymph node metastasis (N2-3
vs. NO: CEA, 39.9% vs. 29.9%; CA15-3,44.1% vs. 21.9%). Pa-
tients with elevated levels of CEA, CA15-3, and CA125 were
more likely to have later clinical stage and higher histological
grades. In the CEA elevated group, the proportion of ER-pos-
itive and HER2-negative patients was significant, accounting
for 66.4% and 65.1% respectively, and the molecular subtype
was dominated by luminal B (56.0%), followed by HER2+,
and the other two subtypes accounted for a similar proportion.
While in the CA15-3 elevated group, the proportion of HER2-
negative patients was significant (70.4%), and CA15-3 levels
were not related to age and ER status. In the CA125 elevated
group, ER-positive patients were the most common (58.2%),
and CA125 levels were not related to HER2+ status, radia-
tion therapy, or endocrine therapy. The molecular subtypes of
CA15-3 and CA 125 patients in the elevated group were mostly
luminal B and TNBC, while luminal A was rare.

Effect of preoperative tumor markers on survival progno-
sis of breast cancer patients

As shown in Table 3 and Figure 3, it was found from the results
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of univariate and Kaplan-Meier analyses that in both overall
breast cancer patients and patients with different molecular
subtypes, patients in the CEA and CA15-3 elevated group
had poorer OS compared to those in the normal group (P
< 0.001). There was no OS difference between the elevated
and normal CA125 groups in luminal A and HER2+ pa-
tients (P = 0.087, 0.076), but the elevated CA125 group had
worse OS in both overall and other subtypes breast cancer
patients (P < 0.05). The 5-year OS of patients in the elevated
CEA, CA15-3, and CA125 group versus the normal group
was 76.63% vs. 95.35%, 74.34% vs. 95.60%, and 83.73%
vs. 94.71%, respectively. By the overall analysis of breast
cancer patients and adjusting factors (such as TNM stage,
tumor size, ER status, PR status, HER2 status, molecular
subtypes, histological grading, chemotherapy, radiotherapy,
and endocrine therapy), multivariate analysis was further
performed to identify variables that were significant predic-
tors of OS. As shown in Table 4, high levels of CEA and
CA15-3, larger tumors, lymph node metastases, no chemo-
therapy, and endocrine therapy were significantly related to
the poor OS of patients. In additional, the results of sepa-
rate analysis for the molecular subtypes (Table 4 and Fig. 4)
showed that high levels of CEA, CA15-3, and CA125 would
increase the risk of death from breast cancer (in luminal A
patients, after adjusting the tumor size, lymph node status,
TNM stage). Moreover, the HRs of patients in the elevated
group were 6.475 (95% CI: 1.850 - 22.66), 5.192 (95% CI:
1.153 - 23.38), and 7.294 (95% CI: 1.152 - 46.18), respec-
tively, compared to the normal CEA, CA15-3, and CA125
groups. However, in luminal B patients (after adjusting
for tumor size, lymph node status, TNM stage, PR status,
chemotherapy, and endocrine therapy), it was found that the
high levels of all three tumor markers did not affect the OS
of the patients, but only the traditional clinicopathological
factors (such as tumor size and chemotherapy) were inde-
pendent prognostic factors in luminal B patients (P < 0.05).
Moreover, in HER2+ patients (after adjusting for tumor size,
lymph node status, TNM stage, and chemotherapy), it was
shown that CA15-3 elevated groups would increase the pa-
tients’ poor OS compared with the normal group (HR (95%
CI): 3.155 (1.325 - 7.509)). At last, it would demonstrate that
only high levels of CEA and no chemotherapy reduced the
OS of TNBC patients (after adjusting for tumor size, lymph
node status, TNM stage, and chemotherapy), and the HR in
the preoperative CEA elevated group was 2.390 (95% CI:
1.247 - 4.583).

Discussion

Preoperative STMs (CEA, CA15-3, CA125, etc.) are quantifi-
able biochemical indicators associated with malignant tumors,
generated during the carcinogenesis of breast cancer cells due
to the abnormal expression of oncogenes and their products.
STMs have the advantages of safety, convenience, easy dy-
namic monitoring, objective and inexpensive, which could be
used for diagnostic and prognostic of breast cancer patients
[20].

The optimal cut-off values for preoperative CEA, CA15-3,
and CA125 levels were determined to be 4.32 ng/mL, 23.10 U/
mL, and 29.80 U/mL, respectively. These cut-off values were
similar to those determined by Samy et al [21] through receiv-
er-operating characteristic (ROC) curve analysis. In this study,
there were 298 patients (10.1%), 297 patients (10.1%), and
340 patients (11.6%) in the elevated groups for preoperative
CEA, CA15-3, and CA125, respectively. It was shown that pa-
tients in the elevated group of CEA, CA15-3, and CA125 had
larger tumor volume, later TNM stage, and higher histological
grade, which is consistent with the results in literature [22-25],
which may be because of increased levels of CEA, CA15-3,
and CA125, which means that the tumor has begun to form
blood vessels, and there are tiny metastases, and tumor anti-
gens may also exist in patients’ body at the time of diagnosis,
resulting in patients’ poor clinical outcome [26]. Therefore, it
is recommended that regular monitoring of STMs would be
implemented to dynamically understand patients’ condition
and timely facilitate intervention.

Secondly, in all breast cancers, the OS of patients with el-
evated CEA, CA15-3, and CA125 was significantly lower than
that of normal patients (P < 0.0001). The 5-year OS values of
patients in the elevated and normal groups were 76.63% vs.
95.35%, 74.34% vs. 95.60%, and 83.73% vs. 94.71%, respec-
tively. Shao et al [27] also found that patients with elevated
tumor markers had lower OS compared to those with normal
levels. In addition, the present study showed that preoperative
CEA and CA15-3 levels were independent prognostic factors
for all breast cancer patients, which is different from the re-
sults of previous studies. For example, Clinton et al [28] found
that CA15-3 level was not an independent prognostic factor,
while Wu et al [14] reported that CEA level affected patients’
disease-free survival, but did not have a significant impact on
OS (P> 0.05).

Finally, preoperative CEA, CA15-3, and CA125 levels
may have different prognostic effects on patients with differ-
ent molecular subtypes. In luminal A type, high levels of CEA,
CA15-3, and CA125 could increase the risk of death of breast
cancer patients, which is similar to the conclusions in litera-
ture [29, 30]. Luminal A type (ER-positive and PR-positive
(> 20%), HER2-negative, Ki-67 < 14%) breast cancer is usu-
ally strongly associated with hormone receptor positivity, as
a result, the hormone fluctuations or abnormalities would di-
rectly affect the activity of tumor cells, leading to the increase
of CEA and CA15-3 levels. This study also showed that some
clinicopathological factors (such as tumor size and absence of
chemotherapy) were independent prognostic factors for lumi-
nal B patients. In addition, it was confirmed that CA15-3 is
an independent prognostic factor for HER2+ breast cancer pa-
tients, which was similar with results in literature [30, 31], and
it would probably be attributed to the diversity of gene expres-
sion, activity of cell signal pathway, and different responses to
drugs [32].

There are some limitations in this paper. At first, the fol-
low-up time in this study was short (a median follow-up of only
26.9 months), which might lead to a certain bias of results. In
the future work, we will increase the frequency of follow-up
(every 3 - 4 months) and enhance the follow-up for individuals
lost to follow-up. Moreover, some demographic characteristics
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Table 3. Univariate Cox Regression Analysis of Preoperative Serum CEA, CA15-3, and CA125 and Overall Survival of Breast

Cancer
Tumor marker HR 93:0% CI P value
Lower Upper
Total patients
CEA
Normal 1.00
Elevated 5.943 4.407 8.015 <0.001
CA15-3
Normal 1.00
Elevated 6.845 5.099 9.190 <0.001
CA125
Normal 1.00
Elevated 3.466 2.524 4.759 <0.001
Subtype
Luminal A
CEA
Normal 1.00
Elevated 17.32 6.158 48.69 <0.001
CA15-3
Normal 1.00
Elevated 24.45 8.669 68.93 <0.001
CA125
Normal 1.00
Elevated 3.673 0.828 16.29 0.087
Luminal B
CEA
Normal 1.00
Elevated 6.432 4.114 10.06 <0.001
CA15-3
Normal 1.00
Elevated 7.901 5.113 12.21 <0.001
CA125
Normal 1.00
Elevated 3.631 2.241 5.883 <0.001
HER2+
CEA
Normal 1.00
Elevated 4.693 2.330 9.453
CA15-3
Normal 1.00
Elevated 8.417 3.969 17.85
CA125
Normal 1.00
Elevated 2.235 0.919 5.436 0.076
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Table 3. Univariate Cox Regression Analysis of Preoperative Serum CEA, CA15-3, and CA125 and Overall Survival of Breast

Cancer - (continued)

Tumor marker HR 95:0% C1 P value
Lower Upper
CEA
Normal 1.00
Elevated 4.426 2416 8.107 <0.001
TNBC
CA15-3
Normal 1.00
Elevated 3.629 2.031 6.483 <0.001
CA125
Normal 1.00
Elevated 2.571 1.509 4.381 <0.001

CEA: carcinoembryonic antigen; CA15-3: cancer antigen 15-3; CA125: cancer antigen 125; Cl: confidence interval; HER2+: human epidermal growth
factor receptor-2-enriched; HR: hazard ratio; TNBC: triple-negative breast cancer.

of patients (such as age of menarche, menopause status, body
mass index, etc.) will be collected to analyze. Secondly, there
was missing information about TNM stage, serum CA15-3,
CEA, and CA125. In order to improve the efficiency of sta-
tistical inference, we could use methods such as mean imputa-
tion, regression imputation, or K-nearest neighbor imputation

to infer and fill in missing values based on patterns of known
data. Finally, according to the clinicopathological characteris-
tics (age, ER, PR, HER2, Ki-67, etc.) of patients with known
molecular subtypes, we can apply random forest, decision tree,
support vector, and other methods to predict the unknown mo-
lecular subtypes of other patients, by dividing patients with
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Figure 3. Kaplan-Meier survival curves of preoperative serum CEA, CA15-3, and CA125 in patients with luminal A subtype,
luminal B subtype, HER2+ subtype, and TNBC. a, e, i: luminal A; b, f, j: luminal B; c, g, k: HER2+; d, h, I: TNBC. The red lines
represent the elevated group, and the blue lines represent the normal group. CEA: carcinoembryonic antigen; CA15-3: cancer
antigen 15-3; CA125: cancer antigen 125; HER2+: human epidermal growth factor receptor-2-enriched; TNBC: triple-negative

breast cancer.
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Table 4. Multivariate Cox Regression Analysis of the Association Between Preoperative Serum CEA, CA15-3, and CA125 and Tra-

ditional Clinicopathologic Factors and Overall Survival of Breast Cancer Patients

Breast cancer subtypes HR 95% CI P value
Total patients
Tumor marker
CEA elevated vs. CEA normal 2.097 1.479 -2.973 <0.001
CA15-3 elevated vs. CA15-3 normal 1.749 1.197 - 2.556 0.004
Tumor size
T2 vs. TO-1 2.070 1.179 - 3.635 0.011
T3-4 vs. TO-1 2.889 1.558 - 5.357 <0.001
Nodal status
N2 vs. N1 1.771 1.066 - 2.943 0.027
Chemotherapy
Done vs. no 0.421 0.277 - 0.641 <0.001
Endocrine
Done vs. no 0.456 0.237 - 0.875 0.018
Luminal A
Tumor marker
CEA elevated vs. CEA normal 6.475 1.850 - 22.66 0.003
CA15-3 elevated vs. CA15-3 normal 5.192 1.153-23.38 0.032
CA125 elevated vs. CA125 normal 7.294 1.152 - 46.18 0.035
Luminal B
Tumor size
T3-4 vs. TO-1 3.103 1.235-17.797 0.016
Chemotherapy
Done vs. no 0.398 0.211 - 0.749 0.004
HER2+
Tumor marker
CA15-3 elevated vs. CA15-3 normal 3.155 1.325 - 7.509 0.009
TNBC
Tumor marker
CEA elevated vs. CEA normal 2.390 1.247 - 4.583 0.009
Chemotherapy
Done vs. no 0.385 0.188 - 0.786 0.009

CEA: carcinoembryonic antigen; CA15-3: cancer antigen 15-3; CA125: cancer antigen 125; Cl: confidence interval; HER2+: human epidermal growth
factor receptor-2-enriched; HR: hazard ratio; TNBC: triple-negative breast cancer.

known molecular subtypes into training and test sets. Finally,
CA27-29 is a member of a family of mucin-based breast can-
cer tumor markers [33]. Related studies [34, 35] have shown
that the dynamic change of CA27-29 level can effectively
reflect the occurrence and development of breast cancer, and
has important significance in the early auxiliary diagnosis of
breast cancer. This marker has been included as a diagnostic
criterion for breast cancer by the American Society of Clini-
cal Oncology. However, we only collected preoperative serum
CEA, CA15-3, and CA125 levels of breast cancer patients in
Xinjiang. Therefore, follow-up studies will consider this mark-

er to further explore its role in breast cancer prognosis.

Conclusions

In summary, preoperative high levels of CEA, CA15-3, and
CA125 were closely associated with aggressive clinicopatho-
logic features (tumor size, lymph node status, and TNM stage)
in early invasive breast cancer patients without metastasis.
Preoperative CEA, CA15-3, and CA125 levels may have dif-
ferent prognostic effects on patients with different molecular
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Tumor marker Group No.of patients HR (95% CI) P value
CEA Total 298/2940 HE— 2.097(1.479-2.973) 0.001*
Luminal A 39/448 —_— 6.475(1.85-22 66) 0.003*
Luminal B 167/1695 - 1.71(0.988-2.957) 0.055
HER2+ 58/345 —a 3.764(0.926-4 528) 0.077
TNBC 34/452 —a— 2.39(1.247-4.583) 0.009*
CA15-3 Total 297/2940 HEH 1.749(1.197-2.556) 0.004*
Luminal A 24/448 & > 5.192(1.153-23.38) 0.032*
Luminal B 193/1695 —— 1.775(0.98-3.215) 0.058
HER2+ 32/345 A 3.155(1.325-7.509) 0.009"
TNBC 48/452 H— 1.251(0.636-2.46) 0.517
CA125 Total 340/2940 - 1.328(0.932-1.892) 0.116
Luminal A 23/448 —_— > 7.294(1.152-46.18) 0.035*
Luminal B 184/1695 - 1.571(0.914-2.724) 0.102
HER2+ 40/345 1.26(0.487-3.256) 0.634
TNBC 93/452 r 1.112(0.594-2.084) 0.74

Figure 4. Multivariate Cox regression analysis of the effects of preoperative serum CEA, CA15-3, and CA125 on survival of pa-
tients with different molecular subtypes of breast cancer. CEA: carcinoembryonic antigen; CA15-3: cancer antigen 15-3; CA125:
cancer antigen 125; 95% Cl: 95% confidence interval; HR: hazard ratio; HER2+: human epidermal growth factor receptor-2-en-
riched; TNBC: triple-negative breast cancer. *P < 0.05 versus normal group.

subtypes. Particularly, preoperative elevated levels of CEA
have a significant adverse impact on the prognosis of luminal
A and TNBC patients, while preoperative elevated levels of
CA15-3 have an adverse effect on the prognosis of luminal A
and HER+ patients.
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