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Abstract

Background: Red cell distribution width (RDW) is a parameter of 
the standard full blood count tests, measuring the size variability 
of erythrocytes. Recently, its elevation has been proven to reliably 
reflect the extent systematic inflammation, mainly in cardiometa-
bolic diseases. Up to date, its association with solid malignancies 
has been scarcely investigated.

Methods: We performed a retrospective study, in order to examine 
if RDW values comparing elevation is correlated with the histo-
pathological parameters of breast cancer (tumor size, grade, lym-
phatic spread, overexpression of hormonal receptors and HER2 
protein), as well as to assess the existence of any differences in 
RDW comparing two age-matched groups of patients with benign 
and malignant breast lesions respectively.

Results: RDW was significantly higher in patients with breast can-
cer, when compared to the enrolled patients with fibroadenomas. 
Moreover, in the breast cancer group, RDW elevation was signifi-
cantly correlated with larger primary tumors, higher number of in-
filtrated axillary lymph nodes and HER2 overexpression, while it 
was inversely associated with the tumor grade.

Conclusions: Our pilot study demonstrated tha Red cell distribu-
tion width may be a novel biomarker of the activity of breast cancer. 
Although our preliminary findings need to be evaluated by stud-
ies with larger samples of patients, based on commonly accepted 
pathophysiological principles, we presume that they will be ap-
plicable not only in breast cancer, but also in other types of solid 
cancers, providing a simple and cost-effective biomarker of cancer 

surveillance.
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Introduction

Red cell distribution with (RDW) is a widely used labora-
tory parameter for the quantification of the extent of eryth-
rocyte anisocytosis, which reflects the variability of the size 
of the circulating erythrocytes [1]. Its main clinical applica-
tion has until recently been limited to the discrimination of 
iron deficiency anemia from thalassemia trait, as well as a 
marker of excluding iron deficiency anemia in cases where 
serum ferritin does not accurately indicate the total iron store 
[2, 3]. However, fluctuation of RDW has been reported in 
many pathophysiological conditions, which spread across a 
far wider spectrum, with RDW elevation being firmly asso-
ciated with ischemic heart disease, acute and chronic heart 
failure, atherosclerosis, vascular occlusive disease, hyper-
tension, active status of inflammatory bowel disease, rheu-
matoid arthritis and, in general, with conditions leading to a 
progressive inflammatory status [4-8]. The molecular basis 
of the above mentioned associations has been mainly attrib-
uted to the ability of RDW to reliably reflect an increase of 
the levels of circulating cytokines, such as IL-6, TNF-a and 
hepcidin [9, 10].

Despite the fact that cancer is widely accepted to stand 
as both a cause and a result of chronic inflammation [11, 12], 
RDW elevation has scarcely been investigated as a potential 
biomarker of solid cancer activity [13-17], with no studies 
assessing RDW in breast cancer, with the exception of a sin-
gle study which demonstrated that RDW was significantly 
correlated with bone marrow metastatic spread in a sample 
of breast cancer patients [18]. Our study is the first systemat-
ic one to evaluate whether RDW elevation may have a poten-
tial role as a biomarker of breast cancer activity, examining 
the presence of any associations between RDW and histo-
pathological parameters in breast cancer patients, as well as 
to assess the existence of any differences in RDW comparing 
patients with benign and malignant breast lesions.
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Patients and Methods

To test our hypothesis, we performed a retrospective study, 
in which were enrolled 49 women with breast neoplasias, 
who were surgically treated in our Department, consisting of 
14 patients with fibroadenomas (Group A) and 35 with breast 
cancer (Group B). Based upon the preoperative diagnosis, 
the patients were submitted either to local excision in cases 
of benign disease and modified radical mastectomy in cases 
of breast cancer. Concerning the breast cancer group, in or-

der to standardize the oncological profile of the tumors, only 
patients with unifocal grade II (n = 18) and grade III (n = 17) 
invasive ductal carcinoma were included. The rest of the oth-
er exclusion criteria of the study were the presence of hema-
tological disorders, active inflammation, anemia (assessed 
through preoperative measurement of hemoglobin), iron 
supplementation therapy, recent venous thrombosis (past 6 
months) and recent blood transfusion (past 3 months). Each 
patient’s medical record was reviewed independently by two 
physicians of our Department, in order to ensure that exclu-

Figure 1. Comparative distribution of RDW in the patients with fibroadenomas and breast 
cancer. RDW was significantly higher in cases of underlying malignancy (P < 0.001).

Figure 2. Red cell distribution width with respect to the over-expression of HER2 protein: RDW 
were significantly higher in cases of HER2 over-expression.
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sion criteria were accurately met in every patient candidate 
of being enrolled in our study. Red cell distribution width 
(RDW) values were calculated using automatic analysis in 
the framework of the routine pre-operative full blood count 
test (normal range: 11-14.6%). The blood samples were ob-
tained in the morning before the scheduled operation, be-
tween 07.30 - 09.00, in order to standardize the impact of 
circulating hormones (circadian rhythm) on the number and 
subtype distribution of the various blood cell indices. More-
over, the blood samples obtained were fasting, in accordance 
to the Department’s protocol for routine pre-operative evalu-

ation of the patients scheduled for elective surgery, which is 
applied for the standardization of the preoperative values of 
biochemical tests.

We assessed the existence of differences in RDW val-
ues regarding the underlying breast pathology (benign or 
malignant) and, concerning the breast cancer group, we ex-
amined the presence of any correlations between RDW and 
the number of infiltrated axillary lymph nodes and the size 
of the primary tumor. Moreover, we examined the presence 
of statistically significant differences of RDW values with 
respect to the over-expression of estrogen and progesterone 

Figure 3. Red cell distribution width with respect to the grade of the cancerous lesions: RDW 
was significantly higher in patients with grade II cancer.

Figure 4. Red cell distribution width with respect to the over-expression estrogen receptors 
(P = ns).
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receptors, as well as the over-expression of HER2 protein.
Our statistical analyses were performed using SPSS 16.0 

software package. All continuous and categorical variables 
were assessed for the values’ normal distribution. Continu-
ous variables were correlated using independent samples 
t-test, while chi-square was used when comparing categori-
cal variables. A P < 0.05 level was considered statistically 
significant.

 
Results

There were no statistically significant differences of the 
mean age and age span between the group of patients with 
fibroadenomas and the patients with breast cancer (Group 
A versus Group B). However, during this initial categoriza-
tion (benign or malignant lesion), RDW was significantly 
higher in the breast cancer cohort (P < 0.001, Group A versus 
Group B). More specifically, mean age was 60.1 ± 6.3 years 
in Group A and 60.5 years ± 13.75 for Group B, while mean 
RDW was 12.9 ± 0.5 for the patients with benign breast le-
sions (Group A) and 14.3 ± 1.46 for the breast cancer patients 
(Group B). The distribution of RDW values after this initial 
classification of our patients (benign versus malignant) are 
displayed in Figure 1.

With respect of the breast cancer patients, mean tumor 
diameter was 22.89 mm (SD: 13), as well as the mean num-
ber of infiltrated lymph nodes was 2.3 (SD: 4.86). Patients 
with grade III tumors had more extended lymphatic spread 
(4.1 ± 6.5 infiltrated nodes in grade III cancer versus 0.6 ± 
0.78 in grade II, P = 0.01) and larger tumors (28.3 ± 13.8 mm 

in grade III cancer versus 18 ± 10.35 in grade II, P < 0.05). 
Concerning the immunohistochemical profile of the cancer-
ous lesions, over-expression of estrogen receptors (ER+) and 
progesterone receptors (PR+) occurred in 19/35 (54.2%) and 
16/35 (45.7%) patients respectively, while 8/35 tumors were 
stained positive for HER2 protein over-expression (22.9%). 
Statistical analysis revealed that elevated RDW was signifi-
cantly correlated with older age (P < 0.001), total number 
of infiltrated lymph nodes (P < 0.001), tumor diameter (P < 
0.01) and HER2 over-expression (P < 0.01) (Fig. 2). More-
over, our results demonstrated that patients with grade II 
carcinoma had a significantly higher RDW mean value com-
pared to the patients with grade III carcinoma (P = 0.015) 
(Fig. 3). No statistically significant differences for RDW val-
ues were revealed when the cancer patients were categorized 
according to the positivity for hormonal (both estrogen and 
progesterone) receptors expression (Fig. 4, 5) respectively.

Discussion
  
Red cell distribution width (RDW) is a widely available by 
the vast majority of automated analysts. Reflecting the size 
heterogeneity of the circuiting erythrocytes, higher RDW 
values are suggestive of increased variation of red cell vol-
umes (anisocytosis). Until recently, RDW had been a usually 
overlooked erythrocyte parameter, however, recent studies 
have clearly demonstrated that RDW is a reliable biomarker 
of cardiovascular morbidity and mortality, as well as an in-
dicator of active, acute or chronic inflammatory conditions, 
such as infections and auto-immune diseases, since RDW is 

Figure 5. Red cell distribution width with respect to the over-expression progesterone recep-
tors (P = ns).
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an early detector of iron deficiency anemia, impaired iron 
mobilization, increased oxidative stress status and its el-
evation has been firmly associated with elevation of other 
inflammation markers, such as C-reactive protein, Interleu-
kin-6 and Tumor Necrosis Factor-a [6, 19].

Despite the great number of published studies evaluated 
the clinical significance of RDW as a prognostic factor in 
patients with impaired cardiometabolic function and active 
inflammation, extremely limited data exist concerning the 
potential consideration of RDW as a biomarker of cancer 
growth and metastatic activity in solid malignancies. To the 
best of our knowledge, there are only two studies assess-
ing the utility of RDW as an additional factor for increasing 
the diagnostic accuracy of anemia as a screening method in 
colorectal cancer [16, 17], demonstrating conflicting results. 
Moreover, a recent study by Beyzit et al [14] indicated that 
elevated RDW could be a useful biomarker in order to dis-
criminate benign from malignant causes of biliary obstruc-
tion, with a sensitivity of 72% and specificity of 69%, using 
14.8% as a cut-off value for RDW. Apart from the above 
mentioned, there are two other published studies, by Ozka-
lemkas et al and Seitanides et al, suggesting that elevated 
RDW was significantly correlated with disseminated solid 
malignancies to the bone marrow, with the study by Seit-
anides et al being the one including patients with breast can-
cer as the primary tumor, without providing, though, any 
other data concerning a possible correlation of RDW with 
the histopathological parameters of the breast lesions [15, 
18]. Finally, in a study by Baicus et al, RDW was signifi-
cantly elevated in a cohort of patients with various types of 
malignancies, when compared to non-cancer patients [13]. 
Thus, it is evident that our study is one of the very few to in-
vestigate whether RDW elevation may be of any significance 
with respect to the biological behavior of solid malignancies 
and is the first one to document a statistically significant cor-
relation between RDW and principle histopathological pa-
rameters in breast cancer, even in the framework of a pilot 
study.

Our preliminary results demonstrated that elevated 
RDW could be helpful in the differential diagnosis of the 
nature of a breast tumor -benign or malignant-, being sig-
nificantly higher in the group of patients with breast cancer. 
However, it is obvious that RDW cannot be regarded as a 
specific detector of malignancy. As the exclusion criteria of 
our study highlight, RDW value can be influenced in many 
common pathological conditions. Also, taking into account 
the relatively small sample of the patients enrolled in our 
study, it would be rather endangered to propose a cut-off val-
ue of RDW that would be more safely associated with under-
lying malignancy. Nevertheless, we should take into account 
that RDW is always available in routine blood tests and does 
not increase the cost of diagnostic strategy; this particular 
point stands for a major advantage regarding its easy and 
cost-effective application.

Without a doubt, one of the most interesting findings of 
our study was the fact that although higher values of RDW 
were significantly correlated with the primary tumor diam-
eter and the absolute number of the infiltrated axillary lymph 
nodes, RDW was inversely associated with the tumor grade 
(significantly higher in patients with grade II invasive duc-
tal carcinomas than in patients with grade III cancer). This 
particular finding appears to be a controversy to the rationale 
of elevation of RDW according to the presence of a more 
active inflammatory process, as a higher tumor grade gener-
ally enhances the local and systematic inflammatory reaction 
[20]. However, at least theoretically, a possible explanation 
could be that more aggressive tumors demonstrate features 
that help them “escape” from immuno-surveillance and con-
sequently may not trigger an extended inflammatory reaction 
during their progression.

Another intriguing finding of our pilot study was the 
firm association of RDW elevation and HER overexpres-
sion. Indeed, HER2 overexpression is regarded to lead to a 
significant upregulation of IL-6, which plays a crucial role 
in the promotion of the tumor-immune system interactions, 
the establishment of a generalized inflammatory status along 
with the progression of cancer and the enhancement of local 
growth and metastatic spread [21]. From this point of view, 
RDW could also be a biomarker for monitoring the response 
in cases of implementation of anti-HER2 agents, comparing 
baseline measurements before the initiation of the treatment 
with sequential measurements according to the therapeutic 
protocols.

Summarizing, our study demonstrated the Red cell dis-
tribution width may be a novel biomarker of the activity of 
breast cancer. Although our preliminary findings need to be 
evaluated by larger studies, the close interplay between in-
flammation and cancer provides a solid theoretical base to 
support the evidence provided by this pilot study.
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