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INTRODUCTION
Amongst the simple routine tests performed prior to breast cancer 
surgery, haematology profile is one of the important tests. RBC 
parameters which include RBCs, Hb, Hct, red cell indices, reticulocytes, 
RDW and nRBCs are measured. The analysis of RBC parameters is 
used to detect anaemia, type of anaemia, response of the body to 
anaemia and breast cancer. Angiogenesis is the process of forming 
new blood vessels from an existing vascular network in response to 
hypoxia, which is required for tumour growth, invasion, and spread [1]. 
The most effective endothelial cell mitogen and a regulator of vascular 
permeability ie., VEGF, induces angiogenesis and has emerged as a 
potent tool in the prognosis [2]. Patients with initial-stage of breast 
tumours with high levels of VEGF have a higher risk of relapse or 
mortality than patients with tumours that are less angiogenic [3].

It is known that in anaemia, there is decrease in Hb and RBC 
leading to hypoxia especially in the growing tumour cells. It has been 
observed that, in cancer patient Hb and Hct are linked to a greater 
risk of heart failure [4]. But it is not clearly known whether there 
is a relationship between the RBC parameters and serum VEGF 
levels in breast carcinoma. The novelty of present study was to 
know whether alteration in RBC parameters that results in hypoxia 
can affect the serum VEGF levels which may alter the prognosis of 
breast cancer patients.

The objective of the present study was, the analysis of RBC 
parameters in breast cancer patients and healthy controls, 
comparing with serum VEGF in breast cancer to elucidate any 
association between them.

MATERIALs AND METHODs
A case-control study was conducted from November 2019 till 
April 2021 in the Department of Pathology of JSS Medical College 
and Hospital, Mysuru, Karnataka, India. All procedures performed 
were in accordance with the ethical standards of the Institutional 
Research Committee (JSS/MC/PG/5189/2019-20) and the 1964 
Helsinki declaration. Ethical approval was obtained by the Institutional 
Ethical Committee (IEC) of JSS Medial College and Hospital, Mysuru, 
Karnataka, India.

Inclusion criteria: Forty preoperatively diagnosed breast carcinoma 
patients either by fine needle aspiration or core needle biopsy were 
collected and taken as cases. Forty healthy and age matched 
female volunteers attending general health checkup (without history 
of breast carcinoma) were included as controls.

Exclusion criteria: Women with postoperative diagnosis of breast 
carcinoma (preoperative diagnostic test done in other Institute), 
serum sample collected but underwent operation in other hospital, 
benign breast disease, postchemotherapy cases were excluded 
from the study.

Venous sample in EDTA vacutainers and serum samples were 
collected after informed consent under aseptic precautions. EDTA 
samples were run in automated analyser Mindray CAL-6000 and 
the data was collected for RBC parameters such as RBC, Hb, Hct, 
MCV, MCH, MCHC, reticulocytes, RDW and nRBCs. Serum was 
separated by centrifuging the blood for 10 minutes at 1500 rpm, 
and stored at -80o C in a deep freezer. RayBio® Human VEGF-A 
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ABsTRACT
Introduction: The complete blood count is the first investigation 
to be done in every patient with breast carcinoma before surgery. 
Vascular Endothelial Growth Factor (VEGF) plays a major role in 
angiogenesis, metastasis and progression of tumours.

Aim: To assess Red Blood Cell (RBC) parameters in breast 
carcinoma patients and controls, and to evaluate its relation with 
serum VEGF.

Materials and Methods: The present study was a case-control 
study, conducted in Department of Pathology of JSS Medical 
College and Hospital, Mysuru, Karnataka, India from November 
2019 to April 2021. Preoperative venous blood samples were 
collected and run in an automated analyser Mindray CAL-
6000 for all haematological parameters. Preoperative serum 
samples were collected and serum VEGF was estimated using 
the Enzyme Linked Immunosorbent Assay (ELISA) method. 
Statistical analysis was performed with Statistical Package 
for the Social Sciences (SPSS) version 22.0 to evaluate the 

association between RBC parameters and serum VEGF using 
Mann-Whitney U test.

Results: A total of 80 samples were evaluated, which included 
40 preoperatively diagnosed breast cancer cases and 40 age 
and sex matched controls. RBC parameters such as RBC, 
Haemoglobin (Hb), Haematocrit (Hct), red cell indices Mean 
Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin 
(MCH), Mean Corpuscular Haemoglobin Concentration (MCHC), 
reticulocytes, Red cell Distribution Width (RDW) and nucleated 
RBCs (nRBCs) were measured. The nRBCs and serum VEGF 
of cases were significantly higher than controls. A statistically 
significant association between patients with low Hb and high 
serum VEGF was found.

Conclusion: A higher percentage of breast carcinoma cases 
with anaemia in the present study was significantly associated 
with high serum VEGF, reflecting anaemia induced hypoxia may 
trigger the tumour cells to secrete VEGF.
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VEGF category was 83.6, 119.8 and 99.6 pg/mL, respectively. 
Absence of association between low, high and normal RBC counts 
and serum VEGF categories were observed [Table/Fig-3a,4].

Enzyme Linked Immunosorbent Assay (ELISA) Kit was used to 
estimate serum VEGF by sandwich ELISA method.

sTATIsTICAL ANALYsIs
Statistical analyses were performed using SPSS 22.0 statistical 
package for Windows. Continuous data were expressed as mean, 
median, standard deviation and range, while categorical data were 
presented as numbers and percentages. The distribution of variables 
was checked with the Kolmogorov Smirnov test. The categorical 
parameters between cases and controls were compared with Mann-
Whitney U test. Receiver Operating Characteristic (ROC) curve 
analysis was performed to determine the cut-off of serum VEGF to 
divide the cases with low and high VEGF levels. The p-values <0.05 
was considered statistically significant.

REsULTs
Age distribution in cases ranged from 34 to 85 years with a 
mean±age of 52.33±12 years. Age distribution in controls ranged 
from 30 to 74 years with a mean age of 52±12 years with no 
significant differences between cases and controls (p=0.92).

On comparing the RBC counts, both cases and controls had low and 
high RBC counts [Table/Fig-1]. However, percentage of cases with 
low RBC counts (17.5%; 7/40) were higher than controls (10%; 4/40). 
There were equal number of cases and controls with high RBC counts. 
Mean RBC count was slightly lower among cases (4.2±0.5×106/uL) 
than controls (4.3±0.5×106/uL), which was not a statistically significant 
(p=0.689). There was no statistically significant difference in the mean 
Hb level between cases (11.6±1.6 g/dL) and controls (11.9±1.5 g/dL)  
(p=0.391). But the percentage of cases (50%;20/40) with low Hb 
(<12g/dL) was slightly higher than controls (47.5%; 19/40) [Table/
Fig-1]. In cases, 70% (28/40) of them had Hct in normal range and 
30% (12/40) had low Hct; whereas among controls 52.5% (21/40) 
had normal Hct and 47.5% (19/40) had low Hct. Mean Hct had no 
statistically significant difference (p=0.452) [Table/Fig-1].

The majority of cases and controls had MCV, MCH and MCHC 
within normal ranges and their mean values had no significant 
difference [Table/Fig-1]. The percentage of cases with low MCV and 
MCH were 7.5% (3/40) and 15% (6/40) respectively. Similarly, the 
percentage of controls with low MCV and MCH were 30% (12/40) 
and 40% (10/40) respectively. Equal percentage of cases and 
controls had high MCH. All cases and controls had MCHC within 
normal range (18-48 g/L). The mean MCHC of cases were slightly 
higher (33±1.3 g/L) than controls (31.8±4.7 g/L), however there was 
no statistically significant difference (p=0.105).

In 77.5% (31/40) of cases and 57.5% (23/40) of controls had RDW in 
normal range [Table/Fig-1]. Mean RDW was low in cases (13.8±2.0) 
than controls (14.4±1.9) but the difference was statistically not 
significant (p=0.211). Mean reticulocyte counts were within normal 
ranges in both cases and control with no significant differences 
[Table/Fig-1]. The mean nRBCs were significantly high in cases 
(0.19±0.1) than controls (0.02±0.01) with a p-value of 0.008.

Mean serum VEGF of cases (100.7±33.91 pg/mL) were significantly 
higher than control (56.4±9.77 pg/mL) with a p-value of 0.013. Median 
serum VEGF of cases were significantly higher-70.4 (145.5-103.8) pg/
mL than controls-44.3 (37.4-83.8) pg/mL with a p-value of 0.007. On 
statistical analysis, it was found that the VEGF values were not normally 
distributed hence median value was taken into consideration.

ROC analysis was done and area under the curve was 0.674, serum 
VEGF of 72.3 pg/mL was taken as cut-off value with a sensitivity of 
47.5% and specificity of 70% with p-value of 0.007 [Table/Fig-2]. 
Considering 72.3 as cut-off value, cases were categorised into low 
VEGF and high VEGF categories respectively and were compared 
with RBC parameters.

The mean serum VEGF in patients with low VEGF category was 
29.4, 48.7 and 49.1 pg/mL when RBC counts were low, normal 
and high respectively. Similarly, the mean serum VEGF among high 

Parameters range
Cases 
n (%)

Controls 
n (%) p-value*

RBCs 
(million/µL)

<3.8 (Low) 7 (17.5) 4 (10)

0.689
3.8-4.8 (Normal) 26 (65) 29 (72.5)

>4.8 (High) 7 (17.5) 7 (17.5)

Mean RBCs 4.2±0.5 4.3±0.5

Hb (g/dL)

<12 (Low) 20 (50) 19 (47.5)

0.39112-16 (Normal) 20 (50) 21 (52.5)

Mean Hb 11.6±1.6 11.9±1.5

Hct 
(percentage)

<35 (Low) 12 (30) 19 (47.5)

0.45236-45 (Normal) 28 (70) 21 (52.5)

Mean Hct 37.5±8.8 36.3±4.0

MCV (fL)

<80 (Low) 3 (7.5) 12 (30)

0.41580-100 (Normal) 37 (92.5) 28 (70)

Mean MCV 82.8±10 80.8±11

MCH (pg)

<27 (Low) 6 (15) 10 (40)

0.135
27-32 (Normal) 33 (82.5) 29 (57.5)

>32 1 (2.5) 1 (2.5)

Mean MCH 28.0±2.7 26.9±3.7

MCHC (g/L)
18-48 (Normal) 40 (100) 40 (100)

0.105
Mean MCHC 33.0±1.3 31.8±4.7

RDW 
(percentage)

11.6-14 (Normal) 31 (77.5) 23 (57.5)

0.211>14 (High) 9 (22.5) 17 (42.5)

Mean RDW 13.8±2.0 14.4±1.9

Reticulocytes 
(percentage)

0.5-2.5% (Normal) 40 (100) 40 (100)
0.135

Mean reticulocytes 0.6±0.1 0.8±0.1

Mean nRBCs 
(percentage)

0.19±0.1 0.02±0.01 0.008

Mean VEGF 
(pg/mL)

100.7±33.91 56.4±9.77 0.013

Median VEGF 
(pg/mL)

70.4 (145.5-
103.8)

44.3 (37.4-
83.8)

0.007

[Table/Fig-1]: Distribution of RBC parameters between cases and controls.
*Mann-Whitney U test, p-value <0.05 was considered as significant

[Table/Fig-2]: Receiver operating characteristic (ROC) analysis for VEGF to Predict 
Breast Cancer (Area Under Curve 0.674).
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Among patients with Hb <12, the mean serum VEGF was 48.5 and 
95.1 pg/mL in low and high VEGF category respectively. A statistically 
significant association between patients with low Hb and high 
serum VEGF with a p-value of 0.015 was found. Among patients 
with normal Hb, the mean serum VEGF was 45 and 126.6 pg/mL  
in low and high VEGF category respectively and observed no 
association between these categories [Table/Fig-3b,4].

Among patients with Hct<35, the mean serum VEGF was 29.7 and 
80.0 pg/mL low and high VEGF category respectively. Similarly, 
when Hct was in normal range, the mean serum VEGF was 39.1 
and 78.4 pg/mL, respectively. There was no association between 
low and normal Hct with serum VEGF categories [Table/Fig-3c,4].

The mean serum VEGF, among patients in low and high VEGF 
categories was compared with different categories of MCV, MCH and 
MCHC without statistically significant association [Table/Fig-3d-f,4].
In breast carcinoma cases with normal RDW, the mean serum 
VEGF in low and high VEGF categories were 47 and 99.6 pg/mL 
respectively. Likewise, when the RDW was high the mean serum 
VEGF in low and high VEGF categories were 48.7 and 334.6 pg/mL  
respectively. On statistical analysis, there was no association between 
any of these categories [Table/Fig-3g,4].

All the cases in this study had normal reticulocyte counts: the means 
serum VEGF levels were 55.6 and 82.1 pg/mL in low and high VEGF 
category, respectively [Table/Fig-3h,4]. Amongst patients with nRBCs, 

[Table/Fig-3]: Association of RBC parameters with serum VEGF; 3a)-Association of RBCs with Serum VEGF; 3b) Association of Hb with Serum VEGF; 3c) Association 
of Haematocrit with serum VEGF; 3d) Association of MCV with Serum VEGF; 3e) Association of MCH with Serum VEGF; 3f) Association of MCHC with serum VEGF; 
3g)  Association of RDW with Serum VEGF; 3h) Association of Reticulocytes with VEGF; 3i) Association of nRBCs with serum VEGF.
*Statistical analysis by Mann-Whitney U test, p-value <0.05 was considered as significant

variables low vEGF (pg/ml) p-value high vEGF (pg/ml) p-value

rbCs (million/µl)

<3.8 (Low) 29.4 0.69 83.6 0.299

3.8-4.8 (Normal) 48.71 0.566 119.8 0.354

>4.8 (High) 49.1 0.167 99.6 0.675

hb (g/dl)

<12 (Low) 48.58 0.79 95.15 0.015

12-16 (Normal) 45.02 0.561 126.6 0.355

hct (percentage)

<35 (Low) 29.7 0.595 80.0 0.487

36-45 (Normal) 39.1 0.262 78.4 0.669

MCv (fl)

<80 (Low) 40.5 0.752 95.1 0.644

80-100 (Normal) 48.5 0.771 107.7 0.845

MCh (pg)

<27 (Low) 47.14 0.464 119.8 0.844

27-32 (Normal) 48.45 0.372 99.64 0.718

>32 (High) 38.5 0.891 105.71 0.589

MChC (g/l)

18-48 (Normal) 48.4 0.555 103.8 0.663

rdw (percentage)

11.6-14 (Normal) 47.0 0.774 99.6 0.477

>14 (High) 48.7 0.227 334.6 0.248

reticulocytes (percentage)

0.5-2.5 (Normal) 55.6 0.465 82.1 0.219

nrbCs (percentage)

0.19±0.1 60.5 0.068 88.3 0.253

[Table/Fig-4]: Association of RBC parameters with low and high serum levels in 
patients with breast carcinoma.
*Mann-Whitney U test, p-value <0.05 was considered as significant

the mean serum VEGF were 60.5 and 88.3 pg/mL in low and high 
VEGF category respectively [Table/Fig-3i,4]. Association between either 
reticulocyte count or nRBCs with serum VEGF levels, were not noticed.

DIsCUssION
Breast cancer is the most common invasive malignancy and the 
second leading cause of tumour-related deaths among women 
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globally [5]. RBC parameters are one of the initial tests requested for 
all patients with breast cancer to detect anaemia and its associated 
changes. In this study, RBC parameters in both breast carcinoma 
cases and healthy controls were assessed. These were then 
compared with a potential breast cancer progression risk indicator-
serum VEGF [6]. Growth of tumour requires supply of many new 
blood vessels in order to provide and support the metabolic activity; 
these growing tumours secrete many growth factors, including 
VEGF to recruit new blood vessels [7]. This stimulates proliferation of 
endothelial cells and formation of new vessels called angiogenesis 
[8,9]. VEGF receptor system is a primary tumour angiogenesis 
regulator and it has been resulted in progression and metastasis 
of the tumour [10,11]. Inhibition of VEGF results in suppression of 
development and metastasis of tumour [12].

In the present study, serum VEGF by sandwich ELISA method 
was estimated and found to be significantly elevated in cases than 
controls. Present study results were consistent with Lawicki S et 
al., and Ali EM et al., findings [13,14]. The preoperative detection of 
serum VEGF may support in identifying the severity and prognosis 
of breast cancer cases [12]. Statistically, 72.3 pg/mL as a cut-
off for serum VEGFwas derived and thereby all breast carcinoma 
cases were divided into low VEGF and high VEGF categories. In the 
current study, similar mean age in cases and controls was found. 
Mean age of present study was comparable with Okuturlar Y et al., 
Raghunathachar Sahana K et al., and Harano K et al., [15-17].

Low RBC count and Hb, the indicators of anaemia were observed 
in both cases and controls. However, the high percentage of cases 
had low RBC count and low Hb than those of controls. This indicates 
that the anaemia which is prevalent in women in developing country 
like India [18] probably due to lower socio-economic status and 
poor nutrition was aggravated in breast carcinoma patients [19]. 
Metastasis to the bone marrow from breast cancer and nutritional 
deficiency induced by anorexia can be associated with suppression 
of erythropoiesis resulting in anaemia [4,20]. While in the present 
study Hb<12 was in 50% (20/40) of cases, Rana APS et al., has 
reported 60% and Zhang Y et al., in 25.2% [4,21]. High RBC 
count among controls could be due to dehydration or on anaemia 
treatment. It has been reported that some of the breast carcinoma 
tumour cells secrete erythropoietin that can result in high RBC and 
Hb values [22].

In the present study, association between RBC counts and serum 
VEGF categories was not noticed. Surprisingly the serum VEGF 
was low in patients with low RBC count than patients with normal 
RBC count. In contrast Bhatta SS et al., have reported inhibition of 
serum VEGF with antiangiogenic therapy increased erythropoiesis 
and increased RBCs [23]. Nevertheless, in patients with low Hb, a 
significant association with high serum VEGF was found, upholding 
the previous reports that low Hb results in hypoxia which in turn 
stimulates secretion of VEGF [22]. Majority (97%) of the oxygen 
supply to tissues are derived from oxygen bound to haemoglobin. 
Therefore, in anaemia cases, low haemoglobin levels might 
increase hypoxia in tumours [22]. Zhang Y et al., have reported that 
preoperative anaemia in breast carcinoma patients was associated 
with poor prognosis [21].

Another method of detecting anaemia was by estimation of Hct, 
which is the percentage of RBCs in total volume of blood. In 
contrast to Hb and RBC count, the percentage of patients with 
low Hct was less compared to controls in the present study. It has 
been reported that Hb was a more accurate method than Hct in 
assessing anaemia, which could be the cause of contrasting results 
[24]. The mean Hct in cases were higher than in controls and similar 
values were published by Rana APS et al., [4]. Statistical analysis 
revealed lack of association between Hct and serum VEGF.

Erythrocyte indices such as MCV, MCH and MCHC provide a clue 
to the different types of anaemia [25]. Mean erythrocyte indices 

were within normal range in this study and a similar observation 
was noted in previous study [4]. Erythrocyte indices showed that 
majority of the cases had normocytic normochromic anaemia while 
in controls microcytic hypochromic anaemia was more prevalent in 
this study. Previous study has reported that one of the causes for 
normocytic normochromic anaemia was breast cancer [26] which 
substantiates the reason for majority of cases with normocytic 
normochromic anaemia. The findings in the present study that 
mean erythrocyte indices of cases were higher than the controls 
contrasted with the findings of Akinbami A et al., [27]. Low serum 
VEGF levels was detected in patients with decreased MCV than 
those with normal MCV range. Those patients with decreased MCH 
had high VEGF than those with normal and high MCH. However, 
association between erythrocyte indices and serum VEGF was 
not found.

The RDW is a parameter to measure the variability of the size of the 
circulating RBCs [25]. Both the percentage and mean RDW were 
lower in cases compared to controls indicating that the RBCs in 
cases were more homogenous than controls in the current study. 
However, Seretis et al., reported higher RDW in cases than controls 
[28]. The presence of varied types of RBCs such as microcytes, 
normocytes and reticulocytes found in controls resulted in high 
RDW. The reticulocytes and nRBCs representing the immature 
erythrocytes are either low or not normally found in peripheral blood 
respectively. Even though there was no increase in reticulocytes in 
the present study, nRBCs were significantly increased in cases than 
controls. Increased reticulocytes and presence of nRBCs indicates 
increased erythropoiesis in bone marrow found in patients as a 
response to anaemia [29]. In peripheral blood, presence of nRBCs 
has shown to be associated with various medical conditions like solid 
cancers, haematological malignancies, cardiovascular conditions, 
infections, haemorrhage etc., [30,31]. An association of serum 
VEGF with RDW, reticulocytes or nRBCs was not observed in this 
study. On reviewing the literature, studies analysing the association 
between all the RBC parameters (except for Hb) and serum VEGF 
were not found to the best of the author’s knowledge.

Limitation(s)
The limitation of the present study includes small sample size and 
lack of demonstration of VEGF induced angiogenesis in breast 
carcinoma patients with anaemia. Therefore, it is recommended to 
conduct similar studies with large sample size at various geographic 
locations and further investigate the extent of angiogenesis in breast 
carcinoma patients with and without anaemia.

CONCLUsION(s)
Anaemia is prevalent in elderly women due to various causes in 
developing country like India, which can be aggravated by breast 
carcinoma. Either as a compensatory mechanism to anaemia leading 
to increased bone marrow erythropoiesis or irritation due to metastasis 
into bone marrow had significant increase in nRBCs in the peripheral 
blood of breast carcinoma patients. A higher percentage of breast 
carcinoma cases with anaemia in the present study was significantly 
associated with high serum VEGF, reflects anaemia induced hypoxia 
may trigger the tumour cells to secrete VEGF.
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