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Abstract. The aim of this study was to evaluate the prog-
nostic effect of test parameters from pretreatment complete 
blood count (CBC) for predicting outcome in breast cancer 
patients. A total of 162 patients with breast cancer and a long 
follow‑up were enrolled in this study. Red cell indices (RCIs) 
and neutrophil‑lymphocyte ratio (NLR) from CBC prior to 
treatment, as well as related clinical data, were retrospectively 
collected. We evaluated the association of RCI and NLR with 
tumor size, clinical stage, histological grade, estrogen receptor, 
progesterone receptor, and human epidermal growth factor 
receptor 2 status. We further performed survival analysis and 
Cox multivariate analysis, stratified by RCI and NLR median 
values, to evaluate their prognostic effects. In the disease‑free 
survival (DFS) analysis, patients in the higher mean corpus-
cular hemoglobin (MCH) and NLR groups exhibited shorter 
DFS times compared with those in the lower MCH and 
NLR groups (P=0.017 for MCH and P=0.039 for NLR). The 
univariate analysis revealed that both MCH and NLR were 
significantly associated with DFS. The Cox multivariate 
analysis demonstrated that only MCH was an independent 
predictor associated with disease relapse (hazard ratio = 1.975, 
95% confidence interval: 1.118‑3.487, P=0.019), whereas no 

index was associated with overall survival. Our results suggest 
that MCH prior to treatment may be a predictive marker asso-
ciated with DFS in breast cancer.

Introduction

Breast cancer, the most commonly diagnosed malignancy in 
women, is a heterogeneous disease encompassing phenotypi-
cally distinct tumor subtypes (1,2). It is estimated that breast 
cancer is responsible for >1,300,000 cases and 450,000 deaths 
annually worldwide  (3). In China, newly diagnosed cases 
and deaths account for 12.2 and 9.6% of global breast cancer 
patients, respectively (4,5). With the advances in treatment 
and early detection, breast cancer mortality decreased by 34% 
from 1990 to 2010 (6). In America, the 5‑year survival rate 
for breast cancer patients is >75%, while the 5‑year survival 
rate for patients with breast cancer in Shanghai (the most 
industrialised city in China) was found to be 78% compared 
with 58% reported in Qidong (a rural neighbouring area of 
Shanghai) (4). Therefore, there is a need for simple, reliable 
and non‑invasive prognostic biomarkers to enable clinicians 
to perform risk evaluation in breast cancer patients prior to or 
during the treatment process.

Tumor markers in breast cancer have been investigated for 
nearly 20 years (7,8). Recently, certain indices from complete 
blood count (CBC) appear to be useful for predicting outcomes 
in patients with breast cancer. The neutrophil‑to‑lymphocyte 
ratio (NLR) has been used not only as a biomarker of inflam-
mation, but also as a prognostic index for various common 
solid tumors, such as gastric cancer, breast carcinoma, 
colorectal carcinoma, nasopharyngeal cancer and malignant 
melanoma (9). Azab et al first evaluated NLR in predicting 
short‑ and long‑term mortality in breast cancer patients (10) 
and found that patients in the highest NLR quartile had higher 
1‑ and 5‑year mortality rates compared with those in the lowest 
quartile. Several studies reported similar results (11‑16). In 
addition, low hemoglobin (HGB) level prior to each cycle 
of adjuvant polychemotherapy, as a marker of anemia, was 
reported to be associated with worse local relapse‑free survival 
in patients with primary breast cancer (17‑21). Furthermore, 
mean corpuscular volume (MCV) was also assessed during 
capecitabine therapy in metastatic breast cancer  (9,22). 
However, in the study of Bozkurt et al  (23), no significant 
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difference was identified between tumor response and increase 
in MCV. Moreover, a limited number of previous studies 
were based on Chinese patients with breast cancer. Thus far, 
the clinical utility of pretreatment CBC parameters in breast 
cancer prognosis requires further validation.

Consequently, in this retrospective analysis, we attempted 
to investigate the prognostic value of red cell indices (RCIs) 
and NLR in breast cancer patients with a long follow‑up, 
taking into account several clinicopathological characteristics, 
such as tumor markers, clinical stage and histological grade.

Patients and methods

Patients and clinical data. We performed a retrospective 
review of patients undergoing complete resection of breast 
cancer between 2001 and 2005. A total of 162 breast cancer 
patients from the Chinese PLA General Hospital (Beijing, 
China) were enrolled in this study. The inclusion criteria were 
as follows: Patients diagnosed with breast cancer, with data on 
CBC, including RCIs and leukocyte differential count, prior 
to initiating any chemotherapy. The exclusion criteria were as 
follows: Patients without any blood count data prior to chemo-
therapy, presence of active infection, presence of coexisting 
hematological malignancies or other hematological disorders, 
autoimmune disorders, and patients on recent steroid therapy. 
These patients have been followed for up to 9.6 years. The 
median overall survival (OS) and disease‑free survival (DFS) 
were 74.6 months (range, 2.4‑115.6 months) and 69.9 months 
(range, 1.5‑115.6 months), respectively. The design of this 
study was approved by our Hospital's Ethics Committee and 
all the patients provided written informed consent.

Data were collected from patient medical records, 
pathology reports, and blood results recorded on admission 
prior to the initiation of any treatment, including radiotherapy, 
chemotherapy, or surgery. The medical records for each patient 
were independently reviewed by two physicians for the base-
line characteristics (Table I). All the test results were obtained 
using the same equipment. RCIs from blood test results were 
collected, including red blood cell (RBC) count, HGB, hema-
tocrit (HCT), MCV, mean corpuscular hemoglobin (MCH) 
and mean corpuscular hemoglobin concentration (MCHC). 
Neutrophil‑to‑lymphocyte ratio (NLR) was also calculated 
based on the CBC. Breast cancer patients were divided into 
two groups (high vs. low) according to the median value of 
each index. Accordingly, the two groups obtained from our 
data for NLR were NLR <1.81 and ≥1.81. Similarly, the two 
groups for MCH were MCH <30.6 and ≥30.6. Table I summa-
rizes the patient characteristics according to the MCH and 
NLR groups.

Statistical analysis. Statistical analysis was performed using 
SPSS software, version 21.0 (Armonk, NY, USA). Continuous 
variables are presented as mean ± standard deviation and 
categorical variables are presented as frequencies and 
percentages. Student's t‑test or Mann‑Whitney U  test was 
used to test the differences between the two groups. For 
group comparisons, Chi‑square and Fisher's exact tests were 
used for categorical variables. Kaplan‑Meier survival curves 
were plotted for DFS and OS in the different NLR and MCH 
groups. The statistical differences between these curves were 

detected using log‑rank tests. Clinicopathological parameters 
are known to be associated with prognosis, including tumor 
size (T2‑3 vs. T1), histological grade (III vs. I̸II), estrogen 
receptor (ER) status (negative  vs.  positive), progesterone 
receptor (PR) status (negative vs. positive), human epidermal 
growth factor receptor 2 (HER2) status (negative vs. posi-
tive), and the value of each RCI separately (high vs. low) were 
tested with univariate analysis. Variables that were found to 
be significant in the univariate analysis were then entered in 
a stepwise multivariate Cox proportional hazard regression 
model to ascertain the individual contribution of factors asso-
ciated with DFS and OS.

Results

Patient characteristics. Table I presents the general informa-
tion and characteristics related to the tumors of the 162 breast 
cancer patients by MCH and NLR. The mean age of our 
population was 50.8 years. According to the American Joint 
Committee on Cancer staging guidelines, 110 patients were 
classified as stage I̸II and 52 as stage III. All the patients 
were followed up until death or the last date of this study. The 
10‑year DFS and OS of all 162 breast cancer patients were 
67 and 77%, respectively. NLR was not found to be associated 
with age, histological grade, tumor size, lymph node status, ER 
status, PR status, or HER2 status in the population studied. As 
regards MCH, the higher MCH group had significantly higher 
rates of HER2‑positive tumors (P=0.044; Table I).

Survival analysis of RCIs and NLR. We evaluated the 
correlation of RCIs and NLR with prognosis of breast 
cancer. Kaplan‑Meier survival analysis and log‑rank tests 
were performed using patients' postoperative survival. The 
Kaplan‑Meier survival curves demonstrated that patients with 
high MCH exhibited worse DFS compared with those with 
low MCH (P=0.017) (Fig. 1A), whereas higher MCH only 
showed a trend of higher patient mortality (Fig. 1B). Similarly, 
patients with high NLR had shorter DFS times compared with 
those with low NLR (P=0.039) (Fig. 1C). However, patients 
with low NLR did not exhibit significantly longer OS times 
compared with those with high NLR (Fig. 1D). The values of 
the remaining five RCIs were not correlated with DFS or OS 
times.

Predictive value of MCH. The univariate analysis revealed 
that tumor size, histological grade, clinical stage and lymph 
node status were significantly associated with DFS and OS in 
our cohort, whereas PR was significantly associated with OS 
(Table II). As regards RCIs, the univariate analysis revealed 
that only MCH was significantly associated with DFS, 
whereas no index was associated with OS (Table II). A Cox 
proportional hazards model generated a univariate hazard 
ratio (HR) of 1.959 [95% confidence interval (CI): 1.114‑3.445, 
P=0.020] for DFS by comparing high and low MCH. For OS, 
the univariate HR of high MCH compared with low MCH was 
1.848 (95% CI: 0.885‑3.858, P=0.102). To further investigate 
the effect of all the parameters showing significance in the 
univariate analysis regarding the prognosis of breast cancer 
patients, a multivariate Cox proportional hazards model was 
yielded for DFS using the following variables: MCH, tumor 
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size, lymph node status, clinical stage and histological grade 
(Table III). Following backward elimination, the final model 
consisted of MCH, tumor size and clinical stage. The multi-
variate HR of high MCH compared with low MCH was 1.975 
(95%  CI:  1.118‑3.487, P=0.019), which demonstrated that 
MCH was an independent factor associated with DFS in these 
patients (Table IV).

Predictive value of NLR. A Cox proportional hazards model 
yielded a univariate HR=1.808 (95% CI: 1.021‑3.202, P=0.042) 
of high compared with low NLR for DFS, whereas NLR was 
not significantly associated with OS (P=0.579) (Table III). A 
multivariate Cox proportional hazards model was constructed 
for DFS by incorporating the following variables: NLR, tumor 

size, lymph node status, clinical stage and histological grade. 
The multivariate HR of high compared with low NLR was 
1.435 (95% CI: 0.803‑2.563, P=0.223) (Table IV).

Discussion

In this study, we performed a systematic evaluation of the 
prognostic significance of RCIs as well as of NLR in breast 
cancer and revealed three major findings: i) MCH values were 
positively associated with HER2 status; ii) patients with higher 
MCH and NLR values prior to treatment were found to be 
associated with a poor prognosis; and iii) the multivariate Cox 
analysis demonstrated that MCH was an independent factor 
associated with DFS in our cohort, while NLR did not exhibit 

Table I. Patient characteristics.

	 MCH	 NLR
	 -------------------------------------------------	 -----------------------------------------------
Characteristics	 Overall	 Low	 High	 P‑value	 Low	 High	 P‑value

Patients	 162 (100%)	 83	 79		  80	 82
Age ± SD (years)	 50.8±10.6	 50.6±10.1	 50.9±11.1	 0.847	 51.9±10.3	 49.9±10.8	 0.228
T stage, n				    0.379			   0.774
  T1	 53	 26	 27		  28	 25
  T2	 89	 50	 39		  44	 45
  T3	 17	 6	 11		  6	 9
  T4	 3	 1	 2		  2	 1
N stage, n (%)				    0.915			   0.345
  N0	 73 (45.1)	 36	 37		  37	 36
  N1	 42 (25.9)	 23	 19		  23	 19
  N2	 22 (13.6)	 12	 10		  7	 15
  N3	 25 (15.4)	 12	 13		  13	 12
Histological grade, n (%)				    0.216			   0.593
  I/II	 120 (74.1)	 65	 55		  61	 59
  III	 42 (25.9)	 18	 24		  19	 23
Clinical stage, n (%)				    0.616			   0.241
  I/II	 110 (67.9)	 58	 52		  58	 52
  III	 52 (32.1)	 25	 27		  22	 30
ER, n (%)				    0.552			   0.156
  Positive	 87 (53.7)	 46	 41		  38	 49
  Negative	 74 (45.7)	 37	 37		  42	 32
  Unkonwn	 1 (0.6)	 0 	 1 		  0 	 1 
PR, n (%)				    0.888			   0.156
  Positive	 77 (47.6)	 41	 36		  32	 45
  Negative	 83 (51.2)	 41	 42		  48	 35
  Unkonwn	 2 (1.2)	 1	 1		  0	 2
HER2, n (%)				    0.044			   0.1406
  Positive	 37 (22.8)	 13	 24		  22	 15
  Negative	 124 (76.5)	 70	 54		  58	 76
  Unkonwn	 1 (0.6)	 0	 1		  0	 1

MCH, mean corpuscular hemoglobin; NLR, neutrophil‑to-lymphocyte ratio; ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2; SD, standard deviation.
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Figure 1. Prediction of DFS and OS in breast cancer patients according to the MCH and NLR. (A) Kaplan‑Meier estimates of the DFS in patients in the high 
and low MCH groups. (B) Kaplan‑Meier estimates of the OS in patients in the high and low MCH groups. (C) Kaplan‑Meier estimates of the DFS in patients 
in the high and low NLR groups. (D) Kaplan‑Meier estimates of the OS in patients in the high and low NLR groups. The marks on the graph lines represent 
censored samples. P‑value refers to two‑sided log‑rank tests. DFS, disease-free survival; OS, overall survival; MCH, mean corpuscular hemoglobin; NLR, 
neutrophil-to-lymphocyte ratio.

Table II. Univariate analysis for disease-free and overall survival of patients with breast cancer.

	 Disease-free survival	 Overall survival
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factors	 Hazard ratio (95% CI)	 P‑value	 Hazard ratio (95% CI)	 P‑value

Age	 0.987 (0.961‑1.014)	 0.341	 1.003 (0.970‑1.038)	 0.848
Tumor size, T2‑T4 vs. T1	 4.203 (1.792‑9.857)	 0.001	 7.243 (1.725‑30.412)	 0.007
Lymph node N1‑3 vs. N0	 3.424 (1.756‑6.679)	 <0.001	 5.973 (2.083‑17.130)	 0.001
Histology grade, III vs. I/II	 2.228 (1.302‑4.019)	 0.004	 3.656 (1.777‑7.524)	 <0.001
Clinical stage, III vs. I/II	 4.228 (2.402‑7.442)	 <0.001	 5.036 (2.352‑10.786)	 <0.001
ER	 0.696 (0.401‑1.206)	 0.196	 0.602 (0.292‑1.241)	 0.169
PR	 0.617 (0.351‑1.082)	 0.092	 0.348 (0.155‑0.782)	 0.011
HER2	 1.607 (0.879‑2.940)	 0.124	 1.760 (0.800‑3.873)	 0.160
RBC	 0.640 (0.366‑1.119)	 0.117	 0.862 (0.421‑1.766)	 0.684
HGB	 0.929 (0.536‑1.608)	 0.792	 1.330 (0.646‑2.740)	 0.439
HCT	 0.726 (0.417‑1.264)	 0.258	 1.164 (0.568‑2.386)	 0.678
MCV	 1.585 (0.907‑2.770)	 0.106	 1.644 (0.792‑3.416)	 0.182
MCH	 1.959 (1.114‑3.445)	 0.020	 1.848 (0.885‑3.858)	 0.102
MCHC	 1.108 (0.640‑1.920)	 0.714	 1.015 (0.495‑2.082)	 0.967
NLR	 1.808 (1.021‑3.202)	 0.042	 1.230 (0.591‑2.559)	 0.579

CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; RBC, red blood 
cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular 
hemoglobin concentration; NLR, neutrophil‑to-lymphocyte ratio.
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any independent prognostic significance regarding OS and 
DFS.

Using median values as cut‑off points, hematological 
parameters were stratified into high and low groups. Other 
than MCH and NLR, no parameters were found to be signifi-
cantly correlated with DFS and OS in our cohort. As markers 
of anemia, HGB and MCV have been evaluated in a number 
of studies. Anemia is a frequent complication of cancer and 
cancer therapy, which has been shown to be highly associated 
with patient energy levels and quality of life scores, but also to 
exert a prognostic effect in several types of cancer, including 
breast cancer  (17,24). From the European Cancer Anemia 
Survey prospective study in 2001, 62% of the 3,278 patients 
with breast cancer developed anemia at least once during 
the study follow‑up period (25). A number of investigators 
have suggested an association between HGB level during 
chemotherapy and local relapse‑free survival in predicting 
breast cancer outcome (17,21). However, HGB did not exhibit 
significant prognostic value in this study. Previous studies have 
reported the effect of MCV increase on prognosis in patients 
with metastatic breast cancer treated with capecitabine (9,22). 
In this study, MCV only exhibited a trend of higher mortality 
in patients (data not shown). A possible explanation is that the 
test parameters were recorded prior to treatment in our study, 
compared with those collected during the treatment process in 
those studies.

Clinical stage, tumor size and ER status are known 
predictors of prognosis in the patients with breast cancer. 
However, OS and DFS may differ widely in patients with 
the same status who receive the same treatment, suggesting 
that other, as yet undetermined, factors may affect prognosis. 
As regards pretreatment hematological parameters that have 
been predictive of patient prognosis, we next performed 
univariate and multivariate analyses of factors predictive of 
DFS and OS in patients with breast cancer. We found that 
clinical stage, tumor size, histological grade and pretreatment 
MCH were prognostic factors for DFS in our patient cohort. 
MCH represents the absolute amount of hemoglobin in the 
average red cell in a sample. Since the correlation between 
MCH and tumors has not been extensively investigated, the 
mechanisms underlying the association of high MCH with 
poor DFS in breast cancer patients is poorly understood. One 
potential mechanism underlying the prognostic impact of 
MCH may be the association of elevated MCH with metabo-
lism. Tarocco et al  (26) reported that elevated MCH was 
found to be negatively correlated with low level of serum folic 
acid and vitamin B12, which are important cofactors in DNA 
synthesis, repair and methylation (27,28). Deficient folate and 
vitamin B12 levels may affect the prognosis of breast cancer 
patients by reducing the availability of S‑adenosylmethionine 
for DNA methylation (29). A population‑based case‑control 
study of breast cancer conducted in urban Shanghai during 
1996‑1998  (28) reported evidence of a decreased risk of 
breast cancer associated with high consumption of folate. 
Several reports also revealed an association between higher 
plasma levels of folate and reduced risk of developing breast 
cancer (30‑32).

A number of recent studies have suggested that an 
elevated NLR is associated with poor survival of patients 
with cancer (33). The mechanisms underlying the associa-
tion of high NLR with poor outcome of cancer patients are 
poorly understood, but may be explained by the following 
facts: An association with inflammation may be underlying 
the prognostic impact of NLR (7). The contribution of host 
inflammatory reactions to cancer development has been 
reported. Immunocompetent lymphocytes and neutrophils 
may play an important role in the systemic inflammatory 
response (34). Azab et al (10) first evaluated NLR in predicting 
mortality in breast cancer patients and found that NLR was 
an independent predictor of mortality in breast cancer patients 
with NLR  >3.3. Noh  et  al reported that patients with an 
elevated pretreatment NLR exhibited poorer DFS compared 
with patients without elevated NLR, which was most evident 
in the luminal A subtype (14). Similar results were reported 
in several other studies on breast cancer (11,13,15,16). In this 
study, the breast cancer patients with elevated NLR exhibited 
shorter DFS times compared with those without elevated 
NLR (P=0.039; Fig. 1C). This was consistent with previously 
reported results (11,14), while there was no significant trend 
for elevated NLR to be associated with worse patient OS, and 
NLR was not found to be an independent predictor of DFS or 
OS in breast cancer patients. The possible reasons for this may 
be as follows: First, the median value of NLR was used as a 
cut‑off point to stratify high and low NLR groups, which is 
different from other reports; and second, our small sample size 
may reflect a selection bias to some extent.

Table III. Multivariate model predicting DFS using MCH.

	 DFS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Hazard ratio (95% CI)	 P‑value

Tumor size, T2‑T4 vs. T1	 2.800 (1.146‑6.841)	 0.024
Lymph node N1‑3 vs. N0	 1.525 (0.625‑3.725)	 0.354
Histology grade, III vs. I/II	 1.405 (0.776‑2.544)	 0.261
Clinical stage, III vs. I/II	 2.244 (1.042‑4.830)	 0.039
MCH	 1.975 (1.118‑3.487)	 0.019

DFS, disease-free survival; MCH, mean corpuscular hemoglobin; CI, 
confidence interval.

Table IV. Multivariate model predicting DFS using NLR.

	 DFS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ---‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Hazard ratio (95% CI)	 P‑value

Tumor size, T2‑T4 vs. T1	 2.503 (1.023‑6.126)	 0.044
Lymph node N1‑3 vs. N0	 1.453 (0.596‑3.541)	 0.411
Histology grade, III vs. I/II	 1.440 (0.792‑2.618)	 0.232
Clinical stage, III vs. I/II	 2.253 (1.041‑4.876)	 0.039
NLR	 1.435 (0.803‑2.563)	 0.223

DFS, disease-free survival; NLR, neutrophil-to-lymphocyte ratio; CI, 
confidence interval.
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There were certain limitations and potential biases to this 
study. First, only Chinese breast cancer patients were included 
in our study. Due to small sample size, larger scale and multi-
center studies should be performed to elucidate the accuracy and 
clinical value of MCH. Second, due to its retrospective nature, 
some records of clinical details, such as body mass index, 
carbohydrate antigen 15‑3 and folic acid concentration, were not 
available in this study. Thus, the correlation between MCH and 
these parameters remains unclear. Furthermore, we were unable 
to determine whether preoperative MCH was a better predictor 
of DFS compared with conventional prognostic factors.

In conclusion, we demonstrated that patients with high 
pretreatment MCH may be predicted to exhibit shorter DFS 
time compared with those with low pretreatment MCH. MCH 
is an independent predictor associated with DFS. Additional 
studies, however, are required for further validation in a larger 
population from different races and regions.
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