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OPEN a ACCESS We retrospectively enrolled 825 breast cancer patients, who was primarily diagnosed in
our hospital between January 2009 and December 2014 and explored the relationship be-
tween red blood cell distribution width (RDW) and long-term prognosis in patients with
breast cancer. There were 412 patients with high RDW (RDW > 13.82) and 413 patients
with low RDW (RDW < 13.82). Compared with low RDW group, the high w group has large
tumor size (the rate of tumor size >2 cm: 60.7 vs 44.8%, P=0.013). The rate of lymph node
metastases was higher in the high RDW group thaten that in the low RDW group (62.1 vs
45.8%, P=0.000). RDW was positively associated with tumor stage. The high RDW tended
to be advanced stage (P=0.000). Compared with low RDW group, the high RDW group
tended to be higher lymphocyte count (P=0.004), elevated fibrinogen (P=0.043), and el-
evated high-sensitivity C-reactive protein (P=0.000). The Kaplan—Meier analysis indicated
elevated RDW was positively associated with disease-free survival (DFS) (P=0.004) and
overall survival (OS) (P=0.011). The multivariate Cox regression analysis indicated that the
high RDW group had poorer OS (Hazard risk [HR] = 2.43; 95% ClI: 1.62-3.21; P=0.024) and
DFS (HR = 1.89; 95% ClI: 1.28-3.62; P=0.000) compared with low RDW group. The present
study found that high pretreatment RDW levels in breast cancer patients were associated
with poor OS and DFS. RDW could be a potential predictive factor in differential diagnosis
of poor prognosis from all patients.

Introduction

Breast cancer is one of the most common female malignancies worldwide and with a heavy mortality [1].
The morbidity of breast cancer is prone to be leading female malignancies in China [2]. The metastasis
induces local relapse and distant metastasis in breast cancer; therefore, identification of metastasis is of
great importance in clinical management and with significant predictive and prognostic value [3]. Al-
though comprehensive treatment based on surgical treatment has significantly improved the prognosis of
breast cancer patients, its overall prognosis is still not ideal [4,5]. Based on these concepts, breast cancer
should be considered as a systemic disease and some molecular biomarkers should be needed in precision
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RDW level tended to have a higher interleukin-6 level [8]. It is now widely recognized that smoldering inflammation
in the tumor microenvironment plays a pivotal role in the initiation, progression, and progression of cancer [9].
Furthermore, previous study also suggested that RDW was associated with poor prognosis in various malignancies
[10-13]. Koma reported that elevated RDW predicted poor survival status in patients with lung cancer [14]. In parallel
with the present study, Abakay found that RDW was significant predictor of poor prognosis in patients with malignant
mesothelioma [15]. In addition, RDW was also related to a higher stage disease according to international staging
system and poor prognosis in patients with symptomatic multiple myeloma [16]. Moreover, a previous study indicated
that RDW could be a potential biomarker of activity of breast cancer [17]. The data about role of RDW in breast cancer
prognosis is scare, especially large sample size. In the present study, we explored the relationship between RDW and
long-term prognosis in patients with breast cancer.

Materials and methods
Study population

We retrospectively enrolled breast cancer patients who was primary diagnosed in Tanshang People’s Hospital be-
tween January 2009 and December 2014. Criteria for inclusion: Patients were newly diagnosed and did not receive
any neoadjuvant therapy before surgery administration; Patients belonged to T1-4 N0-3 MO stage according to the
tumor node metastasis classification system (international union against cancer) [18]; all patients were confirmed
by pathology tissue. The following patients were excluded: noninvasive breast cancer or stage IV breast cancer or in-
flammatory breast cancer; patients had received some treatment including chemotherapy or radiotherapy; confirmed
diagnostic of pathology was lack; no useful information exaction or follow-up results were obtained. Patients with
systemic inflammatory, severe liver and kidney dysfunction, thromboembolic diseases, autoimmune diseases, hep-
atopathy, diabetes mellitus, hypertension, cardio- and cerebrovascular diseases, serious infection or other tumors were
also excluded. All demographic information and pathology were obtained from medical records. The present study
was approved by the Ethics Committee of Tangshan People’s Hospital. The research was carried out in accordance
with the World Medical Association Declaration of Helsinki, and all subjects provided written informed consent.

Data collection

We mainly collected the following data from the medical records: age, body mass index (BMI), history of smoking
(smoking was defined as current smoking or smoked previously daily), history of diseases. The pathology parameters
included tumor size, lymph node metastasis status, distant metastasis, histology grade and adjuvant therapy after
the resection. The pathological results were assessed according to AJCC6 criteria by at least two chief physicians. ST
> Gallen version 2013 was used to assess the estrogen receptor (ER) positive defined >1%; progesterone receptor (PR)
positive meant >20%; and human epidermal growth factor receptor-2 (HER-2) via immunohistochemical standard
[19].

Hematologic testing was conducted on the Beckman Coulter LH-750 Hematology Analyzer (Beckman Coulter,
Inc., Fullerton, CA, U.S.A.), automated hematology analyzer, which measures hemoglobin photometrically, including
white blood cell counts (WBC), red blood cell, platelet counts, hemoglobin, and RDW. In addition, fasting blood
glucose level (FBG), and fasting serum lipid status including triglycerides (TG), triglyceride, low density lipoprotein
cholesterol, high density lipoprotein cholesterol (HDL-C), total cholesterol, serum albumin, and CRP levels were also
recorded.

The patients were followed up till March 2015. The primary follow-up outcomes were death or recurrence or distant
metastatic. Overall survival (OS) was defined as the time from surgery to death, and disease-free survival (DFS) was
defined to as the time from surgery to local recurrence or distant metastasis [20].

Statistical analysis

Study populations were divided into two groups according to the median of RDW (median = 13.82). Continuous data
were expressed as mean + S.D. or median (minimum, maximum) according to the normality of data distribution. The
independent sample ¢ test or non-parameter test was used between high RDW group (>median) and low RDW group
(<median). The normality test was performed by Kolmogorov-Smirnov method. The category data were expressed
using the count and percent. The Chi-square test was used to compare the differences between two groups. The
censoring time was defined as the last follow-up time. We used the Kaplan-Meier survival curves with log-rank tests
and Cox proportional hazard regression analysis to compare the OS rate and DEFS rate, respectively. The multivariate
analysis was also used to explore the relationship between RDW and prognosis in patients with breast cancer. All
analyses were performed using the SPSS 20.0 and GraphPad Prism 5.0. P<0.05 was considered statistically significant.

2 (© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Table 1 Relationship between RDW and clinicopathological characteristics in patients with breast cancer

«. 2 PORTLAND
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Parameters >Median (n=412) <Median (n=413) X2/t P-value

Age (y) 52.3+9.3 51.8+10.1 0.740 0.460
BMI (kg/m?) 236+ 35 23.4+ 3.7 0.798 0.425
Smoking (n, %) 36 (8.7%) 33 (8.0%) 0.079 0.778
Tumor size, cm 6.110 0.013

<2 162 (39.3%) 172 (13.2%)

>2 250 (60.7%) 185 (44.8%)
Lymph node metastases (n, %) 256 (62.1%) 189 (45.8%) 22.904 0.000
Stage 75.342 0.000

| 40 (9.7%) 144 (34.9%)

I 231 (66.1%) 166 (40.2%)

Il 141 (34.2%) 103 (24.9%)
PVI (absent, %) 364 (88.3%) 375 (90.8%) 1.325 0.250
ER positive (n, %) 244 (59.2%) 252 (61.0%) 0.277 0.599
PR positive (n, %) 214 (51.9%) 204 (49.4%) 0.535 0.464
Her-2 positive (n, %) 82 (19.9%) 103 (24.9%) 3.008 0.082
Ki-67>20 236 (57.3%) 232 (56.2%) 0.103 0.748
Type of surgery 0.082 0.857

Radical 307 (74.5%) 310 (75.1%)

Conservative 105 (25.5%) 103 (24.9%)
Chemotherapy (n, %) 375 (91.0%) 367 (88.9%) 1.061 0.303
Chemotherapy regimens 5.050 0.080

None 37 (9.0%) 46 (11.1%)

FEC 121 (29.4%) 94 (22.8%)

TEC or AC-T 254 (61.6%) 273 (66.1%)

Results

General characteristics of study population

According to the criteria for inclusion and exclusion, 825 patients with breast cancer were included in the final anal-
ysis. The mean age was 52.0 £ 9.8. The smoking rate was 8.4-66.1% of patients were lymph node metastasis. The
stage I, II, and III were 22.3, 48.1, and 29.6%, respectively. About 89.6% of patients were absent of peritumoral vas-
cular invasion (PVI). The ratios of ER, PR, and Her2 positive were 60.1, 50.7, and 22.4%. About 74.8% of all patients
received radical surgery treatment and 25.2% of them received conservative treatment. About 90.0% of patients re-
ceived chemotherapy. The rates of FEC (5-fu/Farumorubishin/ cyclophosphamide) and TEC (Docetaxel + epirubicin
+ cyclophosphamide) were 26.1 and 63.9%. The median follow-up time was 47.6 months (range from 5 to 75 months).
The study population were divided into two groups (high RDW and low RDW group) according to the median of
RDW (RDW = 13.82).

Relationship between RDW and clinicopathological characteristics
There were 412 patients with high RDW (RDW > median) and 413 patients with low RDW (RDW < median). The
Table 1 presented the relationship between RDW and clinicopathological characteristics. Compared with low RDW
group, the high RDW group has large tumor size (the rate of tumor size >2 cm: 60.7 vs 44.8%, P=0.013). The rate of
lymph node metastases was higher in the high RDW group than that in the low RDW group (62.1 vs 45.8%, P=0.000).
RDW was positively associated with tumor stage. The high RDW tend to be advanced stage (III: 34.2 vs 24.9%; II:
56.1 vs 40.2%; I: 9.7 vs 34.9%. P=0.000). The mean age of high RDW group is little higher than that in the low RDW
group. But there was no significant difference (P=0.460). No significant difference was observed in BMI (P=0.425).
The smoking rates between two groups were fairly even (8.7 vs 8.0%, P=0.778). The rate of PVI absent was 88.3%
in the high RDW group and 90.8% in the low RDW group, respectively. There were no significant differences in ER
positive rate, PR positive rate, and Her-2 positive rate (P=0.599, P=0.464, P=0.082). Most patients of two groups
received radical surgery treatment (74.5 vs 75.1%, P=0.857). The rate of chemotherapy after surgery was 91.0% in
the high RDW group and 88.9% in the low RDW group. No significant differences were observed in chemotherapy
rate and chemotherapy regimens selection (P=0.303, P=0.080).

We also compared the hematology parameters between two groups (Table 2). Compared with low RDW group,
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Table 2 Correlations between pre-treatment RDW and clinical hematology parameter in patients with breast cancer

Parameters >Median <Median t/ P-value

Red blood cell, x10'? 6.0 +1.6 6.2+19 -1.635 0.102
White blood cell, x10° 85+ 35 81+34 1.665 0.096
Hemoglobin, g/I 131.2+ 125 130.4 +13.8 0.873 0.383
Platelet, x 10%/1 241.2 4+ 62.3 243.8 + 55.6 -0.632 0.527
Lymphocyte, 10°/I 21405 20+05 2.875 0.004
Fibrinogen, g/! 3.1+08 3.0+ 0.6 2.031 0.043
Total cholesterol, mmol/l 1.34+0.8 1.4+141 -1.366 0.172
Triglyceride, mmol/| 1.3+141 1.3+1.0 0.000 0.999
HDL-C, mmol/l 1.38+0.32 1.37 + 0.31 0.456 0.649
LDL-C, mmol/l 3.1 +0.67 3.1+08 0.389 0.697
High-sensitivity C-reactive 75+42 43+56 9.283 0.000
protein, mg/I

Albumin, g/! 25.4+104 26.3+ 12.3 -1.135 0.257
Fasting plasma glucose, mmol/I 6.1+ 2.1 59+09 1.779 0.076
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Figure 1. Comparison of OS between high RDW and low RDW group in patients with breast cancer

the high RDW group tended to have higher lymphocyte count (2.1 £ 0.5 vs 2.0 £ 0.5, P=0.004), elevated fibrinogen
(3.1 0.8 vs 3.0 & 0.6, P=0.043) and elevated high-sensitivity C-reactive protein (7.5 £ 4.2 vs 4.3 £ 5.6, P=0.000).
There were no significant differences in red blood cell (P=0.102), white blood cell (P=0.096), hemoglobin (P=0.383),
platelet (P=0.527), total cholesterol (P=0.172), triglyceride (P=0.999), HDL-C (P=0.649), LDL-C (P=0.697), albu-
min (P=0.257), and fasting plasma glucose (P=0.076). The Table 2 gives the details.

Cox regression of DFS and OS

We performed univariate (Table 3) multivariate (Table 4) cox regression analysis for DFS and OS, respectively. The
univariate cox regression indicated elevated RDW was positively associated with local recurrence/distant metastasis
(HR = 2.89; 95% CI: 2.14-5.34; P=0.000, Figure 1). In addition, age >50 (HR = 1.04; 95% CI: 1.01-2.43), stage
III (HR = 1.65; 95% CI: 1.23-3.18), ER positive (HR = 0.34; 95% CI: 0.12-0.76), PR positive (HR = 0.41; 95% CI:
0.37-0.88), PVI present (HR = 5.12, 95% CI: 2.37-8.97), elevated lymphocyte (HR = 0.46; 95% CI: 0.38-0.79) and
high-sensitivity CRP (HR = 2.12; 95% CI: 1.56-3.86) were also related to local recurrence/distant metastasis. The

4 (©) 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Table 3 Univariable cox regression analysis of DFS and OS for patients with breast cancer

«. 2 PORTLAND
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Parameter Disease-free survival Overall survival
HR (95% CI) P-value HR (95% CI) P-value

Age (>50 vs <50) 1.04 (1.01-2.43) 0.037 1.17 (1.31-3.28) 0.017
BMI > 24 1.34 (0.67-3.16) 0.165 1.47 (0.59-3.48) 0.276
Smoking (yes vs no) 1.75 (0.87-2.52) 0.431 1.68 (0.48-3.01) 0.591
Tumor size > 2 cm 2.01(0.41-3.61) 0.529 2.13(0.18-3.98) 0.618
Stage

llvs | 1.34 (0.62-2.64) 0.912 1.47 (0.59-2.73) 0.889

s | 1.65 (1.23-3.18) 0.024 1.86 (1.42-2.95) 0.013
PVI present 5.12 (2.37-8.97) 0.000 4.18 (2.68-9.07) 0.000
ER positive 0.34 (0.12-0.76) 0.031 0.26 (0.18-0.66) 0.015
PR positive 0.41 (0.37-0.88) 0.022 0.39 (0.26-0.76) 0.034
HER2 positive 0.46 (0.28-2.94) 0.067 0.51 (0.35-2.86) 0.102
Ki-67 1.34 (0.68-3.57) 0.135 1.71 (0.58-4.05) 0.345
Conservative surgery 0.64 (0.34-4.12) 0.413 0.71 (0.28-5.36) 0.552
Chemotherapy 1.37 (0.48-2.64) 0.841 1.64 (0.72-3.81) 0.863
Red blood cell, x10'2 0.61 (0.37-1.46) 0.226 0.58 (0.29-2.18) 0.336
White blood cell, x10° 0.54 (0.34-2.41) 0.161 0.82 (0.45-3.67) 0.362
Hemoglobin, g/I 0.43 (0.18-2.38) 0.257 0.68 (0.28-3.41) 0.368
Platelet, n 1.72 (1.23-3.57) 0.044 2.13 (1.22-3.23) 0.025
Lymphocyte, n 0.46 (0.38-0.79) 0.023 0.46 (0.29-1.08) 0.051
Fibrinogen, g/I 1.01 (0.64-2.34) 0.501 1.17 (0.53-3.68) 0.501
Total cholesterol, mmol/I 1.12 (0.85-3.67) 0.537 0.89 (0.76-2.37) 0.628
Triglyceride, mmol/I 2.01 (0.82-4.61) 0.635 1.89 (0.88-3.96) 0.729
HDL-C, mmol/I 0.35 (0.21-2.49) 0.354 0.46 (0.35-3.08) 0.429
LDL-C, mmol/l 1.68 (0.52-3.10) 0.789 1.85 (0.63-3.58) 0.754
High-sensitivity C-reactive 2.12 (1.566-3.86) 0.000 2.37 (1.18-4.26) 0.000
protein, mg/I
Albumin, g/l 1.59 (0.67-4.18) 0.801 1.76 (0.85-4.57) 0.836
Fasting plasma glucose, mmol/l 1.26 (0.91-2.68) 0.734 1.87 (0.76-3.14) 0.693
RDW, %>median 2.89 (2.14-5.34) 0.000 2.76 (1.84-4.37) 0.000

Table 4 Multivariable cox regression analysis of DFS and OS for patients with breast cancer
Parameter Disease-free survival Overall survival
HR (95% CI) P-value HR (95% CI) P-value

Stage

llvs | 1.37 (0.34-5.67) 0.790 1.94 (0.98-3.83) 0.354

s i 2.21 (1.64-3.69) 0.015 1.70 (1.32-2.64) 0.025
PVI present 4.78 (2.28-7.65) 0.000 5.34 (3.41-9.36) 0.001
PR positive 0.36 (0.28-0.73) 0.018 0.41 (0.17-0.86) 0.023
Platelet, n - - 1.85 (1.568-3.67) 0.034
High-sensitivity C-reactive 1.87 (1.29-4.61) 0.003 2.15 (1.67-56.31) 0.014
protein, mg/!
RDW, % 1.89 (1.28-3.62) 0.000 2.43 (1.62-3.21) 0.024

multivariate cox regression suggested that RDW was an independent predictor for local recurrence/distant metastasis
(HR = 1.89; 95% CI: 1.28-3.62, P=0.000). otherwise, stage III, PVI present and high-sensitive CRP also increased
the risk of recurrence and metastasis.

For OS, the univariate that the OS rate of high RDW was significantly lower than that in the low RDW group
(HR = 2.76; 95% CI: 1.84-4.37; P=0.000, Figure 2). Other relative factors included age >50, stage III, ER positive,
PR positive, platelet, and high-sensitivity CRP. The multivariate analysis indicated that the high RDW group had
poorer prognosis compared with low RDW group (HR = 2.43; 95% CI: 1.62-3.21, P=0.024). We also found that
reduced platelet was also positively associated with poor prognosis in patients with breast cancer (HR = 1.85; 95%

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 5
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Figure 2. Comparison of DFS between high RDW and low RDW group in patients with breast cancer

CI: 1.58-3.67; P=0.000). Besides, stage III, PVI present and elevated high-sensitivity CRP were also associated with
poor prognosis in patients with breast cancer (P<0.05). The details were presented in the Table 4.

Discussion

The present study suggested that elevated preoperative RDW was associated with poor prognosis in patients with
breast cancer and was an independent predictor of poor survival in women with breast cancer. Our results indicated
that we should pay more attention on these patients who have higher preoperational RDW. Also, considering that
RDW is an easily available and inexpensive parameter in blood routine examination. The RDW could be a new accu-
rate and reproducible detected index to distinguish breast cancer patients with poorer prognosis. Previous study also
explored the relationship between red cell distribution width and prognosis in patients with breast cancer [21]. There
are several different points. First, the population setting is different from previous study. The previous was limited in
young breast cancer patients with age under 40 years old, while the present study including patients whose age was
more than 18 years old. Second, the sample size is different. The present study has larger sample size including 825
patients with breast cancer that are four-times as many as previous study (#=203). Third, previous did not report the
clinical hematology parameters, and the present study provided this important information such as high-sensitivity
CRP. The present study gives more accurate estimation about the role of RDW in the prognosis of patients with breast
cancer.

As a routinely available index of the systemic inflammatory response, RDW has been suggested to be associated
with adverse outcomes in different cancer patients setting.

Warwick et al. investigate the association of RDW in patients undergoing lung resections for non-small-cell lung
cancer with respect to in-hospital morbidity, mortality, and long-term survival. The present study is a retrospective
study with a total of 917 patients with no-small-cell lung cancer. They found RDW is a significant factor after risk
adjustment, determining in-hospital morbidity, mortality and long-term survival in patients post-potentially curative
resections for non-small-cell lung cancer [22]. Albayrak et al. investigated the utility of RDW as a simple and read-
ily available marker in prostate cancer, as well as to evaluate RDW as a predictor of progression in prostate cancer
patients [23]. They reported that the mean RDW value of prostate cancer patients was 14.6, compared with 13.7 in
the healthy control group (P=0.001). A higher RDW was associated with an increased risk of progression, whereas
alower RDW value was correlated with a low risk of progression. But this is a study with small sample size including
62 newly diagnosed patients and 62 healthy controls. Further research is needed for these patients. In parallel with
two studies above, Kust et al. assessed clinical and prognostic value of RDW in patients with colorectal cancer. They

6 (© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

202 Iudy Gz uo 3senb Aq ypd°0r20-6102-1SA/09¥9+8/01206 L 02HSH/L/6€/HPd-8o1e/dauioso0lq/wod ssaidpuejod;/:diy wouy papeojumoq



Bioscience Reports (2019) 39 BSR20190740
https://doi.org/10.1042/BSR20190740

reported that elevations in both pre- and postoperative RDW values had significant effects on survival in univariate
and multivariate analyses. Effects were found to be independent of tumor related features, stage of the disease, devel-
opment of anemia, and aberrant inflammatory response to tumor [24]. The RDW not only had adverse influences on
long-term outcomes, but even short-term outcomes. Yazici et al. investigate the role of red cell distribution width in
predicting prognosis in gastric cancer patients. They found that preoperative RDW levels were significantly higher
in patients with short-term mortality (17.9 +/- 4.3 vs 16 +/- 3.2, P=0.015). In high RDW group, the incidence of
advanced gastric cancer was significantly higher (75 vs 51%, P=0.002), whereas DFS (0.035) and OS (P=0.04) were
lower. These results indicated that the frequency of advanced cancer was high in patients with high RDW values. High
RDW values were strongly associated with short-term mortality [25]. Our data supported the role of RDW in the poor
prognosis for breast cancer patients. These studies suggested that RDW is an important biomarker in cancers.

The mechanism that could explain the relation between RDW and survival or disease activity is not clear, but it is
considered that high RDW is caused by chronic inflammation, poor nutritional status, oxidative stress, and age-related
diseases that lead to changes in erythropoiesis [26,27]. As we all know that inflammation in the rumor microenvi-
ronment promotes tumor growth, invasion, angiogenesis, and eventually metastasis. Elevated inflammatory markers
such as CRP, neutrophil to lymphocyte ratio, interleukin-6, have been related to poorer survival amongst breast can-
cer patients [28-30]. The inflammation leaded to changes in red blood cell maturation by disturbing the red cell
membrane, inducing increased RDW. This may be one of the mechanisms. Our study found that higher RDW values,
with larger primary tumor was significantly associated with the number of axillary lymph node metastasis and the
late stage, a reasonable explanation is a malignant tumor may extend the inflammatory response in the process of
its progress time and increases the circulation cytokine levels, RDW may be potential biomarkers of cancer growth
and metastasis activity. Another reason could be oxidative stress. Both endogenous and exogenous sources of reactive
oxygen species result in increased oxidative stress in the cell. Excess reactive oxygen fumed can result in damage to
and modification of cellular macromolecules most importantly genomic DNA that can produce mutations [31]. In
addition, oxidative stress modulates gene expression of downstream targets involved in DNA repair, cell proliferation,
and antioxidants. The modulation of gene expression by oxidative stress occurs in part through activation or inhi-
bition of transcription factors and second messengers. The role of single nuclear polymorphism for oxidative DNA
repair and enzymatic antioxidants are important in determining potential human cancer risk [32]. Previous study re-
ported that elevated red cell distribution width level is associated with oxidative stress and inflammation in a canine
model of rapid atrial pacing [33]. Just like inflammation, the status of oxidative stress may reduce RBC survival and
lead to elevated levels of RDW [34].

The main strength of our study is the large sample size and data is collected pretreatment, which excluded some
potential confounding factors. One of the limitations is that this is a retrospective and single center study and we
did not explore the molecular mechanisms. The other limitation is that the selection bias may exist for retrospective
study. Some study population were ignored because data were missing. Some factors may be imbalance between two
groups. These factors cannot be available. Further research is required.

In conclusion, the present study found that high pretreatment RDW levels in breast cancer patients was associated
with poor OS and DFS. RDW could be a potential predictive factor in differential diagnosis of poor prognosis from
all patients. Future studies should explore the specific molecular mechanism and focussed on long-term outcome.
Patients may benefit from regular clinical surveillance for RDW.

Author Contribution
Y.D.S. and L.B.S. conceived and designed the research. W.Z.W. analyzed the data. Y.D.S. created all tables and figures. Y.D.S.
drafted the manuscript. W.Z.W. made critical revision of the manuscript. All authors read and approved the final manuscript.

Funding

The authors declare that there are no sources of funding to be acknowledged.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Abbreviations

BMI, body mass index; CRP, C-reactive protein; DFS, disease-free survival; ER, estrogen receptor; FBG, fasting blood glucose
level; HDL-C, high density lipoprotein cholesterol; HR, hazard risk; LDH-C, low density lipoprotein cholesterol; OS, overall sur-
vival; PR, progesterone receptor; RDW, red blood cell distribution width; TG, triglycerides; WBC, white blood cell.

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

«. 2 PORTLAND
09 press

202 Iudy Gz uo 3senb Aq ypd°0r20-6102-1SA/09¥9+8/01206 L 02HSH/L/6€/HPd-8o1e/dauioso0lq/wod ssaidpuejod;/:diy wouy papeojumoq



™ Bioscience Reports (2019) 39 BSR20190740
.... FF:F?E%ELAND https://doi.org/10.1042/BSR20190740

References

1 Benson, J.R. and Jatoi, I. (2012) The global breast cancer burden. Future Oncol. 8, 697-702, https://doi.org/10.2217/fon.12.61

2 Chen, W.,, Zheng, R., Baade, P.D., Zhang, S., Zeng, H., Bray, F. et al. (2016) Cancer statistics in China, 2015. CA Cancer J. Clin. 66, 115-132,
https://doi.org/10.3322/caac.21338

3 Tungsukruthai, S., Petpiroon, N. and Chanvorachote, P. (2018) Molecular mechanisms of breast cancer metastasis and potential anti-metastatic
compounds. Anticancer Res. 38, 2607-2618

4 Raghunath, A., Desai, K. and Ahluwalia, M.S. (2019) Current treatment options for breast cancer brain metastases. Curr. Treat. Options Oncol. 20, 19,
https://doi.org/10.1007/s11864-019-0618-5

5 Waks, A.G. and Winer, E.P. (2019) Breast cancer treatment: a review. JAMA 321, 288-300, https://doi.org/10.1001/jama.2018.19323

6 Evans, T.C. and Jehle, D. (1991) The red blood cell distribution width. J. Emerg. Med. 71-74, 9, https://doi.org/10.1016/0736-4679(91)90592-4

7 Lippi, G., Targher, G., Montagnana, M., Salvagno, G.L., Zoppini, G. and Guidi, G.C. (2009) Relation between red blood cell distribution width and
inflammatory biomarkers in a large cohort of unselected outpatients. Arch. Pathol. Lab. Med. 133, 628—-632

8 Semba, R.D., Patel, K.V, Ferrucci, L., Sun, K., Roy, C.N., Guralnik, J.M. et al. (2010) Serum antioxidants and inflammation predict red cell distribution
width in older women: the Women’s Health and Aging Study I. Clin. Nutr. 29, 600604, https://doi.org/10.1016/j.clnu.2010.03.001

9 Mantovani, A., Allavena, P, Sica, A. and Balkwill, F. (2008) Cancer-related inflammation. Nature 454, 436—444, https://doi.org/10.1038/nature07205

10 Seretis, C., Seretis, F., Lagoudianakis, E., Gemenetzis, G. and Salemis, N.S. (2013) Is red cell distribution width a novel biomarker of breast cancer
activity? Data from a pilot study. J. Clin. Med. Res. 5, 121-126

11 Beyazit, Y., Kekilli, M., Ibis, M., Kurt, M., Sayilir, A., Onal, |.K. et al. (2012) Can red cell distribution width help to discriminate benign from malignant
biliary obstruction? A retrospective single center analysis. Hepatogastroenterology 59, 1469-1473

12 Baicus, C., Caraiola, S., Rimbas, M., Patrascu, R. and Baicus, A. (2011) Utility of routine hematological and inflammation parameters for the diagnosis
of cancer in involuntary weight loss. J. Investig. Med. 59, 951-955, https://doi.org/10.2310/JIM.0b013e31822467a3

13 Ozkalemkas, F., Ali, R., Ozkocaman, V., Ozcelik, T., Ozan, U., Ozturk, H. et al. (2005) The bone marrow aspirate and biopsy in the diagnosis of
unsuspected nonhematologic malignancy: a clinical study of 19 cases. BMC Cancer5, 144, https://doi.org/10.1186/1471-2407-5-144

14 Koma, Y., Onishi, A., Matsuoka, H., Oda, N., Yokota, N., Matsumoto, Y. et al. (2013) Increased red blood cell distribution width associates with cancer
stage and prognosis in patients with lung cancer. PLoS ONE 8, 80240, https://doi.org/10.1371/journal.pone.0080240

15 Abakay, 0., Tanrikulu, A.C., Palanci, Y. and Abakay, A. (2014) The value of inflammatory parameters in the prognosis of malignant mesothelioma. J. Int.
Med. Res. 42, 554-565, https://doi.org/10.1177/0300060513504163

16 Lee, H., Kong, S.Y., Sohn, J.Y., Shim, H., Youn, H.S., Lee, S. et al. (2014) Elevated red blood cell distribution width as a simple prognostic factor in
patients with symptomatic multiple myeloma. Biomed. Res. Int. 2014, 145619

17 Seretis, C., Seretis, F., Lagoudianakis, E., Gemenetzis, G. and Salemis, N.S. (2013) Is red cell distribution width a novel biomarker of breast cancer
activity? Data from a pilot study. J. Clin. Med. Res. 5, 121-126

18 Huang, X. and Yin, Y.M. (2018) Updates of Chinese Society of Clinical Oncology (CSCO) guideline for breast cancer in 2018. Zhonghua Yi Xue Za Zhi 98,
1213-1217

19 Parise, C.A. and Caggiano, V. (2017) Risk of mortality of node-negative, ER/PR/HER2 breast cancer subtypes in T1, T2, and T3 tumors. Breast Cancer
Res. Treat. 165, 743750, https://doi.org/10.1007/s10549-017-4383-5

20 Beger, H.G. (2003) Survival statistics and the definition of treatment endpoints in cancer surgery. Langenbecks Arch. Surg. 388, 207-208,
https://doi.org/10.1007/s00423-003-0412-4

21 Huang, D.P., Ma, R.M. and Xiang, Y.Q. (2016) Utility of red cell distribution width as a prognostic factor in young breast cancer Patients. Medicine 95,
€3430, https://doi.org/10.1097/MD.0000000000003430

22 Warwick, R., Mediratta, N., Shackcloth, M., Shaw, M., McShane, J. and Poullis, M. (2014) Preoperative red cell distribution width in patients undergoing
pulmonary resections for non-small-cell lung cancer. Eur. J. Cardiothorac. Surg. 45, 108-113, https://doi.org/10.1093/ejcts/ezt275

23 Albayrak, S., Zengin, K., Tanik, S., Bakirtas, H., Imamoglu, A. and Gurdal, M. (2014) Red cell distribution width as a predictor of prostate cancer
progression. Asian Pac. J. Cancer Prev. 15, 7781-7784, https://doi.org/10.7314/APJCP.2014.15.18.7781

24 Kust, D., Lucijanic, M., Urch, K., Samija, I., Celap, I., Kruljac, |. et al. (2017) Clinical and prognostic significance of anisocytosis measured as a red cell
distribution width in patients with colorectal cancer. QJM 110, 361-367

25 Yazici, P, Demir, U., Bozkurt, E., Isil, G.R. and Mihmanli, M. (2017) The role of red cell distribution width in the prognosis of patients with gastric cancer.
Cancer Biomark. 18, 19-25, https://doi.org/10.3233/CBM-160668

26 Sousa, R., Goncalves, C., Guerra, I.C., Costa, E., Fernandes, A., Do, B.S.M. et al. (2016) Increased red cell distribution width in Fanconi anemia: a novel
marker of stress erythropoiesis. Orphanet. J. Rare Dis. 11, 102, https://doi.org/10.1186/s13023-016-0485-0

27 Forhecz, Z., Gombos, T., Borgulya, G., Pozsonyi, Z., Prohaszka, Z. and Janoskuti, L. (2009) Red cell distribution width in heart failure: prediction of
clinical events and relationship with markers of ineffective erythropoiesis, inflammation, renal function, and nutritional state. Am. Heart J. 158,
659-666, https://doi.org/10.1016/j.ahj.2009.07.024

28 Hu, J.J., Urbanic, J.J., Case, L.D., Takita, C., Wright, J.L., Brown, D.R. et al. (2018) Association between inflammatory biomarker c-reactive protein and
radiotherapy-induced early adverse skin reactions in a multiracial/ethnic breast cancer population. J. Clin. Oncol. 36, 2473-2482,
https://doi.org/10.1200/JC0.2017.77.1790

29 He, J.Y., Wei, X.H., Li, S.J., Liu, Y., Hu, H.L., Li, Z.Z. et al. (2018) Adipocyte-derived IL-6 and leptin promote breast cancer metastasis via upregulation of
Lysyl Hydroxylase-2 expression. Cell Commun. Signal 16, 100, https://doi.org/10.1186/s12964-018-0309-z

30 Ren, K., Yin, Y., He, F,, Shao, Y. and Wang, S. (2018) Prognostic role of derived neutrophil-to-lymphocyte ratio in surgical triple-negative breast cancer.
Cancer Manag. Res. 10, 4891-4898, https://doi.org/10.2147/CMAR.S180695

8 (© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

202 Iudy Gz uo 3senb Aq ypd°0r20-6102-1SA/09¥9+8/01206 L 02HSH/L/6€/HPd-8o1e/dauioso0lq/wod ssaidpuejod;/:diy wouy papeojumoq


https://doi.org/10.2217/fon.12.61
https://doi.org/10.3322/caac.21338
https://doi.org/10.1007/s11864-019-0618-5
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.1016/0736-4679(91)90592-4
https://doi.org/10.1016/j.clnu.2010.03.001
https://doi.org/10.1038/nature07205
https://doi.org/10.2310/JIM.0b013e31822467a3
https://doi.org/10.1186/1471-2407-5-144
https://doi.org/10.1371/journal.pone.0080240
https://doi.org/10.1177/0300060513504163
https://doi.org/10.1007/s10549-017-4383-5
https://doi.org/10.1007/s00423-003-0412-4
https://doi.org/10.1097/MD.0000000000003430
https://doi.org/10.1093/ejcts/ezt275
https://doi.org/10.7314/APJCP.2014.15.18.7781
https://doi.org/10.3233/CBM-160668
https://doi.org/10.1186/s13023-016-0485-0
https://doi.org/10.1016/j.ahj.2009.07.024
https://doi.org/10.1200/JCO.2017.77.1790
https://doi.org/10.1186/s12964-018-0309-z
https://doi.org/10.2147/CMAR.S180695

Bioscience Reports (2019) 39 BSR20190740 °
https://doi.org/10.1042/BSR20190740 '. (] EROE%ELAND
°

31 Ma, Y.S., Wu, S.B., Lee, W.Y., Cheng, J.S. and Wei, Y.H. (2009) Response to the increase of oxidative stress and mutation of mitochondrial DNA in aging.
Biochim. Biophys. Acta 1790, 1021-1029, https://doi.org/10.1016/j.bbagen.2009.04.012

32 Klaunig, J.E. (2019) Oxidative Stress and Cancer. Curr. Pharm. Des., https://doi.org/10.2174/1381612825666190215121712

33 Zhao, Z., Liu, T., Li, J., Yang, W., Liu, E. and Li, G. (2014) Elevated red cell distribution width level is associated with oxidative stress and inflammation
in a canine model of rapid atrial pacing. Int. J. Cardiol. 174, 174—176, https://doi.org/10.1016/j.ijcard.2014.03.189

34 Abrahan, L.T., Ramos, J., Cunanan, E.L., Tiongson, M. and Punzalan, F. (2018) Red cell distribution width and mortality in patients with acute coronary
syndrome: a meta-analysis on prognosis. Cardiol. Res. 9, 144-152, https://doi.org/10.14740/cr732w

(© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 9
License 4.0 (CC BY).

202 Iudy Gz uo 3senb Aq ypd°0r20-6102-1SA/09¥9+8/01206 L 02HSH/L/6€/HPd-8o1e/dauioso0lq/wod ssaidpuejod;/:diy wouy papeojumoq


https://doi.org/10.1016/j.bbagen.2009.04.012
https://doi.org/10.2174/1381612825666190215121712
https://doi.org/10.1016/j.ijcard.2014.03.189
https://doi.org/10.14740/cr732w

