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SUMMARY
Background: Early detection of tumors is beneficial to the treatment of patients. Certain indicators in the blood
routine, such as red blood cell distribution width (RDW), are considered to be used to assess the patient's condition and prognosis. Mean platelet volume (MPV) is also used to assess the prognosis of patients. Carbohydrate antigen 153 (CA153) is considered to be a more specific antigen marker for breast cancer. The purpose of our study
was to explore the diagnostic value of RDW, MPV, and CA153 for breast cancer (BC) and breast hyperplasia
(BH).
Methods: The study included 104 breast cancer patients, 100 breast hyperplasia patients, and 100 healthy controls.
CA153 was detected by an automatic electrochemical luminescence analyzer (Cobas e601, Roche Diagnostics,
Switzerland). The concentration of RDW and MPV in serum was measured by Sysmex XN-10-B3 (Sysmex, Japan).
Results: Compared with the breast hyperplasia group, the RDW and CA153 of the breast cancer group were increased. The healthy control group, mammary gland hyperplasia group, and breast cancer were positively correlated with RDW and CA153. Logistic regression results show that increasing age, increasing RDW, and increasing
CA153 can increase the risk of breast cancer. The area under the ROC (AUC) analysis showed that the combined
specificity and sensitivity of the combined application of RDW, MPV, and CA153 for the identification of breast
cancer is better than that of a single marker.
Conclusions: The combined application of RDW, MPV, and CA153 can improve the differential diagnosis of
breast cancer and breast hyperplasia.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2020.200507)
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INTRODUCTION

MATERIALS AND METHODS

Breast cancer (BC) is of the most common cancers that
threatens women's health [1-3]. Having a family history
of breast cancer increases the risk of breast cancer [4-6].
The risk factors for breast cancer also include menarche
(< 12 years old) and menopausal age (> 55 years old);
marriage and childbirth history; chest has been exposed
to high-dose radiation; estrogen levels; weight and obesity; long-term excessive drinking; and gene mutations
[4,7]. Early detection and early treatment can effectively treat cancer.
Breast hyperplasia is thought to be related to hormone
imbalance [8], especially hormones such as estrogen
and progesterone. With the change of the menstrual cycle, there will be changes in hyperplasia and rejuvenation. For some reason, the endocrine hormone metabolism is imbalanced, the level of estrogen is increased,
and hyperplasia and incomplete recovery of breast tissue can occur.
Studies have shown that red cell distribution width
(RDW) serves as a relevant inflammation index for
breast cancer patients [9]. At the same time, RDW is
considered to be a prognostic indicator of solid tumors
[10,11]. Carbohydrate antigen 153 (CA153) is the most
important specific marker for breast cancer [12]. CA153
in 30% - 50% of breast cancer patients is significantly
increased, and the change in its content is closely related to the treatment effect. It is the best indicator for
breast cancer patients to diagnose and monitor postoperative recurrence and observe the efficacy [12,13]. CA153 dynamic measurement is helpful for early detection
of recurrence of stage II and stage III breast cancer patients after treatment [14]. Mean platelet volume (MPV)
is an indicator of platelet activation [15]. Various genetic changes, disease occurrence, risk factors, and treatment methods can affect platelet activation. In general,
increased peripheral platelet destruction leads to increased MPV in patients with thrombocytopenia. MPV
is reduced in patients with thrombocytopenia caused by
bone marrow disease. In infected patients, MPV is normal or increased during local inflammation. Omar M et
al. found that the increase or decrease of MPV is a factor that can be prognostic in patients with non-small cell
carcinoma (NSCLC) [16]. A study by Li MM et al. indicates that patients with breast cancer liver metastases
have significantly lower MPV [17]. MPV is also associated with the treatment and prognosis of breast cancer
patients [18].
However, the clinical application of RDW, CA153, and
MPV combined diagnosis in breast cancer has not been
reported. Therefore, this study aims to explore the role
of age, RDW, CA153, and MPV in the diagnosis of
breast cancer.

Subjects
We conducted a retrospective study of breast cancer patients diagnosed in the Fourth Affiliated Hospital of
Guangxi Medical University, Liuzhou, China from January 2018 to December 2019. The study included 104
women with breast cancer, 100 with breast hyperplasia,
and 100 healthy volunteers as controls. The subjects of
this study were all diagnosed as breast cancer by pathological biopsy for the first time and did not receive chemotherapy before diagnosis. The following patients
were excluded: anemia and other blood diseases, cardiovascular disease, various types of diabetes, kidney disease, patients who had received iron therapy or had a
history of blood transfusion within the past three
months. The research has been approved by the Ethics
Committee.
Methods
Samples of 4.0 mL of fasting venous blood were collected from all patients and the control group. The serum was centrifuged at 4,000 rpm for 10 minutes. CA153 was detected by an automatic electrochemical luminescence analyzer (Cobas e 601, Roche Diagnostics,
Switzerland). The concentration of RDW and MPV in
serum was measured by Sysmex XN-10-B3 (Sysmex,
Japan) [19]. All tests are performed by following the
Code of Practice Manual.
Statistical analysis
Data analysis was performed using SPSS 25.0 software.
All data were tested by the Kolmogorov-Smirnov test.
Normally distributed data are expressed as x ± s. Nonnormal distribution data is represented as M (P25, P75).
One-way analysis of variance was used to analyze the
differences between the three sets of baseline data.
Tukey’s test is used to compare the two groups between
the three groups of indicators. Spearman’s correlation
was used to analyze the correlation between the three
groups of people with RDW and CA153. Logistic regression preliminarily established a model for the three
indicators. The combined prediction probability of each
combined biomarker was calculated by binary logistic
regression. The area under the curve (AUC) uses MedCalc Statistics software. The ROC curve can be used to
test the significance of differences between statistical
regions. p-value < 0.05 (two tailed) indicates a statistical difference.

RESULTS
All patients (n = 304) were female. There were 104
cases in the breast cancer group (age range: 26 - 80
years old). There were 100 patients in the mammary
gland hyperplasia group (age range: 18 - 56 years), and
the study also included 100 healthy controls (age range:
23 - 65 years). In the ages of these three groups, the
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Table 1. Clinical characteristics of the participants.
Breast cancer

Breast hyperplasia group

Control group

104

100

100

35.59 ± 8.84

37.00 ± 9.47 c

< 0.001

40.50 ± 4.07

40.22 ± 3.27 c

< 0.001

Number
Age (years)

a

50.17 ± 10.39

RDW, (fL)

47.71 ± 9.53

a

MPV, (fL)

10.02 ± 0.95

CA153, U/mL

19.15 ± 11.98 a

10.22 ± 1.04

b

9.44 ± 1.21

c

< 0.001

10.14 ± 4.73 c

11.98 ± 6.00

p

< 0.001

Note: p-values were calculated by one-way ANOVA tests.
Abbreviations: CA153 - cancer antigen 153, MPV - mean platelet volume, RDW - red cell distribution width.
a
Shows a significant difference (p < 0.05) between Breast cancer group and Breast hyperplasia group (Tukey's test).
b
Shows a significant difference (p < 0.05) between Breast hyperplasia group and control group (Tukey's test).
c
Shows a significant difference (p < 0.05) between Breast cancer group and control group (Tukey's test).

Table 2. Logistic regression analysis of RDW, MPV, and CA153 after adjusting for age factors.
Variables in the Equation
95% C.I. for EXP (B)
B

S.E.

Wald

df

Sig.

Exp (B)

lower

upper

0.165

0.029

32.434

1

< 0.001

1.180

1.114

1.249

RDW

0.252

0.055

21.239

1

< 0.001

1.287

1.156

1.432

MPV

-0.399

0.252

2.507

1

0.113

0.671

0.409

1.100

CA153

0.098

0.028

12.134

1

< 0.001

1.103

1.044

1.166

constant

-15.294

3.620

17.849

1

< 0.001

2.2787E-7

age
Step 1 a

a.

Variable(s) entered on step 1: Age, RDW, MPV, CA153.

Table 3. Predictive efficiency of each marker for diagnosis of breast cancer.
Markers
RDW
MPV
CA153
RDW + MPV
+ CA153

AUC
(95% CI)
0.827
(0.768 - 0.877)
0.565
(0.494 - 0.634)
0.715
(0.648 - 0.776)
0.866
(0.812 - 0.910)

Youden index J

Sensitivity (%)

Specificity (%)

+PV

−PV

0.558

80.8

75.0

77.1

78.9

0.150

51.0

64.0

59.6

55.7

0.372

69.2

68.0

69.2

68.0

0.610

74.0

87.0

85.6

76.3

Abbreviations: +PV - positive predictive value, AUC - area under curve, CI - confidence interval, -PV - negative predictive value.

breast cancer group was higher than the breast hyperplasia group and the control group (p < 0.05). For the
RDW index, the breast cancer group is also higher than
the mammary gland hyperplasia group and the control
group (p < 0.05). For MPV indicators, the control group
was less than the breast cancer group and breast hyper-
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plasia group (p < 0.05). For the CA153 index, the breast
cancer group is also higher than the breast hyperplasia
group and healthy control group (p < 0.05). The patient's baseline characteristics are shown in Table 1.
Correlation analysis results showed that in the healthy
control group, mammary gland hyperplasia group, and
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Table 4. Pairwise comparison of ROC curves.

Difference between
areas
Standard error
95% confidence
interval
Z statistic
p

CA153 vs.
combined

CA153 vs.
RDW

CA153 vs.
MPV

MPV vs.
RDW

MPV vs.
combined

RDW vs.
combined

0.151

0.112

0.150

0.262

0.301

0.039

0.034

0.046

0.054

0.050

0.045

0.019

0.084 - 0.218

0.021 - 0.203

0.045 - 0.256

0.164 - 0.361

0.214 - 0.389

0.002 - 0.076

4.445

2.418

2.795

5.207

6.737

2.050

< 0.001

0.016

0.005

< 0.001

< 0.001

0.040

Note: Combined: RDW + MPV + CA153.

Figure 1. Correlation between the distribution width of red blood cells and three groups of cases.

breast cancer group, the levels of RDW and CA153 increased sequentially and showed a positive correlation.
(Figure 1 and Figure 2).
The logistic regression analysis model established by
RDW, CA153, MPV, and age factors between the
breast cancer group and the healthy control group is
shown in Table 2. Set the respective variables X1 = age,
X2 = RDW, X3 = MPV, X4 = CA153, and obtain the
regression model of probability prediction of breast
cancer as LogitP = -15.294 + 0. 165 age + 0. 252 RDW
+ 0. 098 CA153 variable.
The results of the ROC curve are shown in Figure 3 and

Table 3. RDW, MPV, and CA153 were 0.827 (0.768 0.877), 0.565 (0.494 - 0.634), and 0.715(0.648 - 0.776).
Among these three parameters, MPV’s diagnostic sensitivity is higher than that of RDW and CA153, and the
diagnostic specificity of CA153 is higher than RDW
and MPV. However, the test combination of the three
parameters showed the maximum AUC of 0.866 (0.812
- 0.910). The combination of the three has a better comprehensive diagnostic performance. Besides, the pairwise comparison of the AUC of the ROC curve shows
that the comprehensive prediction index is statistically
different from the three indexes (p < 0.001) (Table 4).
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Figure 2. Correlation between CA153 and three groups of cases.

Figure 3. ROC curve of three indicators.
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ciency of breast cancer. Of course, this study has limitations. The amount of specimens in this study is relatively small. Therefore, a large number of multi-center
specimens will be needed to strengthen these results in
the future.

DISCUSSION
To our knowledge, the main basis for diagnosing breast
cancer is histopathological examination. Presently, the
diagnosis of breast cancer includes medical imaging,
genetic testing, pathological examination, and hematological indicators. Early diagnosis and interventional
therapy can effectively prevent breast cancer and significantly improve the survival rate of breast cancer patients [20]. Our results show that the levels of RDW and
CA153 in breast cancer patients have increased to varying degrees relative to healthy people and patients with
breast hyperplasia. Consistent with the studies of Sun H
et al. and Zhao S et al. [9,21]. Logistic regression result
show that age factors may also be risk factors for breast
cancer. This is consistent with the research findings of
Antony MP et al. [22]. Besides, the ROC curve shows
that compared with a single index, the combination of
RDW, MPV, and CA153 can have better diagnostic efficacy.
Red blood cell distribution width (RDW) is a parameter
of routine blood detection, used to reflect the variability
of red blood cell size. Recent studies have shown that
an increase in RDW value is thought to be related to the
degree of inflammation [20]. The research of Seretis C
et al. shows that compared with patients with breast fibroadenoma, the RDW of breast cancer patients is significantly increased [11]. This result is consistent with
the results of this study. Studies have shown that increased or decreased RDW can predict the prognosis of
breast cancer patients [10,23].
MPV is regarded as a marker of inflammation in routine
blood tests. A study by Mutlu H et al. found that MPV
can predict the prognosis of neoadjuvant chemotherapy
in patients with locally advanced breast cancer (LABC)
[24]. Logistic regression analysis in this study further
shows that MPV is not independently related to breast
cancer risk. But study by Sun H et al. showed that MPV
is associated with breast cancer lymph node metastasis.
The source of the difference may be related to the limitation of the small amount of specimen.
CA153 is an important marker of breast cancer. The results of this study show that CA153 is higher in the cancer group than the mammary gland hyperplasia group,
which is consistent with existing studies [21,25-27].
The diagnosis and treatment of breast cancer can be further identified in conjunction with histopathology.
Compared with MPV and CA153, RDW has higher sensitivity. But in general, the combination of the three has
higher sensitivity and specificity for the differentiation
of breast cancer and breast hyperplasia. It is suggested
that the application of the combination of blood routine
indexes and tumor markers can improve the early diagnosis of breast cancer and the differential diagnosis of
breast hyperplasia.
In conclusion, this study shows that the combined use
of RDW, MPV, and CA153 can help early diagnosis of
breast cancer and differential diagnosis of breast hyperplasia. This can effectively improve the diagnostic effi-

Declaration of Interest:
The authors declare that they have no conflicts of interest.

Source of Funds:
This study was supported by the National Natural Science Foundation of China (81660275), Scientific Research Project of Health and Health Committee of
Guangxi Zhuang Autonomous Region (Z20190036, S20
17022, Z2015520）and Youth Science Foundation of
Guangxi Medical University (GXMU YSF201503).

References:

6

1.

Jabbarzadeh Kaboli P, Salimian F, Aghapour S, et al. Akt-targeted therapy as a promising strategy to overcome drug resistance in
breast cancer - A comprehensive review from chemotherapy to
immunotherapy. Pharmacol Res 2020:104806 (PMID: 322945
25).

2.

Ohayon JL, Nost E, Silk K, Rakoff M, Brody JG. Barriers and
opportunities for breast cancer organizations to focus on environmental health and disease prevention: a mixed-methods approach
using website analyses, interviews, and focus groups. Environ
Health 2020;19:15 (PMID: 32041648).

3.

Ragab HM, Samy N, Afify M, El Maksoud NA, Shaaban HM.
Assessment of Ki-67 as a potential biomarker in patients with
breast cancer. J Genet Eng Biotechnol 2018;16:479-84 (PMID: 3
0733763).

4.

Bashamakha G, Bin Sumait H, Bashamakha M, Al Serouri A,
Khader Y. Risk Factors of Breast Cancer in Hadramout Valley
and Desert, Yemen. Int J Prev Med 2019;10:161 (PMID: 321330
79).

5.

Rostami P, Zendehdel K, Shirkoohi R, et al. Gene Panel Testing
in Hereditary Breast Cancer. Arch Iran Med 2020;23:155-62
(PMID: 32126783).

6.

Liu LY, Wang YJ, Wang F, et al. Factors associated with insufficient awareness of breast cancer among women in Northern and
Eastern China: a case-control study. BMJ Open 2018;8:e018523
(PMID: 29463589).

7.

Khushalani JS, Qin J, Ekwueme DU, White A. Awareness of
breast cancer risk related to a positive family history and alcohol
consumption among women aged 15 - 44 years in United States.
Prev Med Rep 2020;17:101029 (PMID: 31890475).

8.

Mizutou A, Nakashima K, Moriya T. Large pseudoangiomatous
stromal hyperplasia complicated with gynecomastia and lobular
differentiation in a male breast. Springerplus 2015;4:282 (PMID:
26101734).

9.

Sun H, Yin CQ, Liu Q, Wang F, Yuan CH. Clinical Significance
of Routine Blood Test-Associated Inflammatory Index in Breast
Cancer Patients. Med Sci Monit 2017;23:5090-5 (PMID: 290690
71).

Clin. Lab. 2/2021

Clinical Indicators of Breast Cancer
10. Huang DP, Ma RM, Xiang YQ. Utility of Red Cell Distribution
Width as a Prognostic Factor in Young Breast Cancer Patients.
Medicine (Baltimore) 2016;95:e3430 (PMID: 27124030).

25. Zhao S, Mei Y, Wang Y, Zhu J, Zheng G, Ma R. Levels of CEA,
CA153, CA199, CA724 and AFP in nipple discharge of breast
cancer patients. Int J Clin Exp Med 2015;8:20837-44 (PMID: 268
85008).

11. Seretis C, Seretis F, Lagoudianakis E, Gemenetzis G, Salemis NS
Is red cell distribution width a novel biomarker of breast cancer a
ctivity? Data from a pilot study. J Clin Med Res 2013;5:121-6
(PMID: 23518817).

26. Wang XF, Wu YH, Wang MS, Wang YS. CEA, AFP, CA125,
CA153 and CA199 in malignant pleural effusions predict the
cause. Asian Pac J Cancer Prev 2014;15:363-8 (PMID: 245280
57).

12. Li X, Xu Y, Zhang L. Serum CA153 as biomarker for cancer and
noncancer diseases. Prog Mol Biol Transl Sci 2019;162:265-76
(PMID: 30905456).

27. Tang S, Wei L, Sun Y, et al. CA153 in Breast Secretions as a Potential Molecular Marker for Diagnosing Breast Cancer: A Meta
Analysis. PLoS One 2016;11:e0163030 (PMID: 27636552).

13. Li X, Dai D, Chen B, Tang H, Xie X, Wei W. Clinicopathological and Prognostic Significance of Cancer Antigen 15-3 and Carcinoembryonic Antigen in Breast Cancer: A Meta-Analysis including 12,993 Patients. Dis Markers 2018;2018:9863092
(PMID: 29854028).
14. Lian M, Zhang C, Zhang D, et al. The association of five preoperative serum tumor markers and pathological features in patients
with breast cancer. J Clin Lab Anal 2019;33:e22875 (PMID:3084
3272).
15. Korniluk A, Koper-Lenkiewicz OM, Kamińska J, Kemona H,
Dymicka-Piekarska V. Mean Platelet Volume (MPV): New Perspectives for an Old Marker in the Course and Prognosis of Inflammatory Conditions. Mediators Inflamm 2019;2019:9213074
(PMID: 31148950).
16. Omar M, Tanriverdi O, Cokmert S, et al. Role of increased mean
platelet volume (MPV) and decreased MPV/platelet count ratio as
poor prognostic factors in lung cancer. Clin Respir J 2018;12:922
-9 (PMID: 28026133).
17. Li MM, Yue CX, Fu S, Zhang X, Zhao CJ, Wang RT. Platelet
Volume Is Reduced In Metastasing Breast Cancer: Blood Profiles
Reveal Significant Shifts. Cancer Manag Res 2019;11:9067-72
(PMID: 31695497).
18. Taskaynatan H, Alacacioglu A, Kucukzeybek Y, et al. Is Monitoring Mean Platelet Volume Necessary in Breast Cancer Patients
? Open Med (Wars) 2018;13:450-5 (PMID: 30426082).
19. Yang Q, Zhang P, Wu R, Lu K, Zhou H. Identifying the Best
Marker Combination in CEA, CA125, CY211, NSE, and SCC for
Lung Cancer Screening by Combining ROC Curve and Logistic
Regression Analyses: Is It Feasible? Dis Markers 2018;2018:208
2840 (PMID: 30364165).
20. Qin YY, Wu YY, Xian XY, et al. Single and combined use of red
cell distribution width, mean platelet volume, and cancer antigen
125 for differential diagnosis of ovarian cancer and benign ovarian tumors. J Ovarian Res 2018;11:10 (PMID: 29357908).
21. Zhao S, Mei Y, Wang J, Zhang K, Ma R. Different Levels of
CEA, CA153 and CA125 in Milk and Benign and Malignant Nipple Discharge. PLoS One 2016;11:e0157639 (PMID: 27327081).
22. Antony MP, Surakutty B, Vasu TA, Chisthi M. Risk factors for
breast cancer among Indian women: A case-control study. Niger J
Clin Pract 2018;21:436-42 (PMID: 29607854).
23. Dezayee ZMI, Al-Nimer MSM. The Clinical Importance of Measurement of Hematological Indices in the Breast Cancer Survivals
A Comparison Between Premenopausal and Postmenopausal
Women. World J Oncol 2016;7:1-4 (PMID: 28983356).
24. Mutlu H, Eryılmaz MK, Musri FY, Gunduz S, Salim DK, Coskun
HS. Mean Platelet Volume as an Independent Predictive Marker
for Pathologic Complete Response after Neoadjuvant Chemotherapy in Patients with Locally Advanced Breast Cancer. Asian Pac
J Cancer Prev 2016;17:2089-92 (PMID: 27221900).

Clin. Lab. 2/2021

7

