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ABSTRACT
Introduction: The most common malignancy which endangers the quality of life in females is
breast cancer. It is also the major public problem in society and despite advances in treatment
strategies, it still leads to high mortality. In all breast cancer patients, the first assessment done be-
fore surgery is the complete blood count (CBC). There exists a strong relationship between immune
response of the body and clinical staging of breast cancer. This study aimed to determine themost
reliable hematological markers for the prognosis of breast cancer, and to evaluate the correlation
between hematological parameters and disease staging. Methods: This study was a case control
study conducted for a period of 3 years from Jan 2016 to December 2018 in the Department of
Pathology (R.L.Jalappa hospital and Research Center attached to Sri Devaraj Urs medical college,
Tamaka, Kolar, Karnataka). The comparison of the hematological parameters was done between
the study group (70 cases) and the control group (20 cases). The relation between the hematologi-
cal parameters and the various stages of breast cancer was analyzed before initiating the treatment.
Results: Themajority of the breast cancer patientswere of stage 2. The hemoglobin concentration,
red blood cell (RBC) count, lymphocyte count, and hematocrit were reduced in the study group,
with a significant difference (p < 0.05) when compared to the controls. Hemoglobin concentra-
tion, RBC count, hematocrit, white blood cell (WBC) count, and absolute lymphocyte count were
inversely proportional to the stage of breast cancer. The absolute neutrophil count, neutrophil-
to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) were directly proportional to the
progression of disease. Conclusion: Hemoglobin, RBC count, WBC count (including differential
count), NLR, and PLR are the key hematological indicators which predict the severity and mortality
risk of breast carcinoma.
Key words: Inflammation, NLR, PLR, Prognostic markers

INTRODUCTION
The second most common carcinoma among females
is breast cancer, with a prevalence of 99% and also the
commonest malignancy which affects half a million
women worldwide each year. Annually, in more than
1,000,000 cases of females, the cause of death is breast
cancer1.
According to the cancer registry data, the incidence
of carcinoma of the breast ranges from 19.3 to 89.7
per 100,000 population (India), with a total of 27.5%
cases of cancers in Karnataka2. The prevalence of car-
cinoma of the cervix in Kolar, Karnataka amounts to
17.6% of all cancer cases in the female population.
Squamous cell carcinoma accounts for 80% of cases
while adenocarcinoma is relatively rare3. In spite of
the improvement in therapies, the mortality rate of
cancer is still increasing. Recently, there has been
growing interest in investigations on the functions of
the immune system in progression and cessation of
tumor growth 4,5.

The importance of the immune system in progression
of malignancies has been investigated. Hematologi-
cal parameters like red cell indices, leukocyte count,
mean platelet volume (MPV), and platelet counts have
shown their prognostic importance in different types
of malignancies. The routinely performed investi-
gations before, during and after cancer treatment is
the complete blood count (CBC), which roughly es-
timates the patient’s anemic, nutritional, inflamma-
tory and immunologic status. The neutrophil-to-
lymphocyte ratio (NLR), which has been used as a
biomarker of inflammation, can also be useful as a
prognostic index for various common solid tumors,
such as nasopharyngeal cancer, gastric cancer, col-
orectal carcinoma, breast carcinoma and malignant
melanoma. In addition, the NLR has been used as a
simple marker of systemic inflammatory response in
cancer patients. Similarly, pre-operative platelet-to-
lymphocyte ratio (PLR) has also been suggested as a
significant factor to predict survival in pancreatic can-
cer5,6.
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All kinds of diseases and cancers that vary in terms of
disease progression have a direct influence on hema-
tological parameters. Breast cancer also shows its ef-
fect on hematological parameters and also helps in
predicting the outcomes of patients with breast can-
cer7. Therefore, there is a need for simple, low-
cost, reliable and non-invasive prognostic inflamma-
tory biomarkers which will be helpful for clinicians to
perform risk evaluation in breast carcinoma patients
before or during the treatment process.
This study, therefore, aimed to determine the most
reliable hematological markers for the prognosis of
breast carcinoma and to evaluate the relationship be-
tween hematological parameters and stage of cancer.

MATERIAL ANDMETHODS
This study was a case control study for a period of 3
years. The study was started after obtaining the ap-
proval from the ethics committee (R.L.Jalappa hos-
pital and Research Center attached to Sri Devaraj
Urs medical college, Tamaka, Kolar, Karnataka). The
study group (70 cases) included female patients who
were diagnosed with breast cancer. The demographic
data (such as age, menstrual history, parity, his-
tory of any previous surgery, clinical presentation,
and hematological parameters were obtained from
patient medical records. Hematological parameters
were compared between the study and the control
groups. Analysis of these parameters with the stag-
ing of the breast cancer was done prior to the initia-
tion of any treatment, such as surgery, radiotherapy
or chemotherapy.
Breast cancer patients were staged clinically ac-
cording to the tumor, node and metastasis (TNM)
classification. Hematological parameters included
hemoglobin, red blood cell (RBC) count, mean
corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), and white blood cell (WBC)
count. All the parameters were estimated using
a 5-part Sysmex automated cell analyzer which
works on the principal of volumetric impedance
and photometric measurement of light absorbance.
Neutrophil-to-lymphocyte ratio (NLR) and platelet
to lymphocyte ratio (PLR) were also calculated based
on the CBC. The NLR was calculated by dividing the
absolute neutrophil count and absolute lymphocyte
count; cut-off value taken was ≤ 2.21 (area under
ROC curve, 0.617; 95% confidence interval). The
PLR was calculated by dividing the platelet count
and absolute lymphocyte count; the cut-off value was
≤ 143.36 (area under the ROC curve, 0.618; 95%
confidence interval) 8.

The control group (20 cases) included female patients
diagnosed with benign breast disease. The inclusion
criteria were patients with breast lumps who had a di-
agnosis of breast carcinomaby FineNeedleAspiration
Cytology (FNAC) and confirmed by histopathology.
The exclusion criteria included breast carcinoma pa-
tients who had an infection at the time of sample col-
lection, had undergone neoadjuvant chemotherapy or
radiotherapy, and had any other type of malignant le-
sions.

Statistical analysis
Thedata obtainedwere statistically analyzed using the
SPSS software version. Mean ± standard deviation
was used to express the results; Chi square test was
used wherever necessary. The parameters with p <
0.05 were considered to be significant.

RESULTS
A total of 90 cases of breast disease were analyzed,
out of which 70 cases were of breast carcinoma and
20 cases were of benign breast disease. Out of the 70
cases of breast carcinoma, themaximumof cases were
seen in stage 2, followed by stage 3, stage 1 and stage
4, respectively (Table 1).

Table 1: Number of cases with stage and age
distribution of the patients in the present study

Disease type Number of
cases

Age
(Mean± SD)

Control
group

25 31± 10

Study group 70

Stage 1 11 45± 8

Stage 2 28 44± 12

Stage 3 22 39± 15

Stage 4 09 48± 13

All the hematological parameters of the study group
were compared with the control group. It was ob-
served that the haemoglobin concentration, RBC
count, haematocrit and lymphocyte count were re-
duced in the study group when compared to the con-
trols, with a significant difference (p < 0.05). How-
ever, the RBC indices (MCV, MCH and MCHC),
WBC count, neutrophil count and platelet count did
not show any significant correlation (Table 2).
The hematological parameters were also compared
with the different stages of breast cancer (Table 3).
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The hemoglobin concentration, RBC, hematocrit,
WBC count, and absolute lymphocyte count de-
creased with disease stage. There was no significant
change in RBC indices and absolute neutrophil count.
The platelet count was directly proportional to the
staging of breast cancer. NLR and PLR showed sig-
nificant increases in Stage 4 when compared to stage
1.

DISCUSSION
Complete blood count (CBC) is a useful basic investi-
gation performed routinely in all cancer patients be-
fore, during and after treatment. Various hematologi-
cal parameters can be measured by this investigation;
alterations in any of the parameters further helps to
investigate the underlying causes so that treatment
can be planned accordingly7,9. Hence, it is impor-
tant to also investigate breast cancer patients prior to
initiation of any treatments like surgery, radiotherapy
and/or chemotherapy. In the current study, we ana-
lyzed all the hematological parameters in breast car-
cinoma patients and found notable variations.
In the present study, the hemoglobin concentration
showed a mean of 9.8 g/dl, RBC count of 3.98 x
106/mm3, and hematocrit of 31.8%, when compared
to the control group. The majority of the cases had a
normocytic normochromic blood picture. Our study
correlated significantly with previous studies which
showed decreased hemoglobin with normocytic nor-
mochromic blood picture. Chronic diseases and can-
cers can cause decreased production of erythropoietin
which in turn leads to decreased production of RBC,
resulting in anemia. The other possible causes may be
due to low socioeconomic status causing nutritional
anemia andmetastasis of cancer cells to bonemarrow,
leading to suppression of all the hematological cell se-
ries 7,10. It was also noted that as the stage increased,
all these parameters decreased.
The RBC indices did not show any significant corre-
lation with the control group nor also with the differ-
ent stages of breast carcinoma. The mean total leuko-
cyte count did not show any significant correlation
with the control group but as the disease progressed
from stage 1 to stage 4, the count decreased. The
total leukocyte count is greatly affected by increase
or decrease of neutrophils, eosinophils, lymphocytes,
monocytes and basophils11. In the present study, the
absolute neutrophil count did not show any signifi-
cant correlation with the control group nor also with
staging.
There was a decrease in the absolute lymphocyte
count in the present study, with an increase in stag-
ing of the breast cancer and severe lymphocytopenia

noted in stage 4. These findings are comparable to
studies done by Rana APS et al.12 and Parkin DM et
al.13, who observed that the decrease in lymphocyte
count was proportional to progression of disease. The
mechanism of tumor immunity is mainly carried out
by CD8+ cytotoxic T-cells which mediate killing of
tumor cells and which are capable of destroying tu-
mor cells prior to sensitization. Hence, a decrease in
these cells causes suppression of tumor immunity and
poor prognosis12. Higher peripheral blood CD8+

count with higher survival was reported in a study
conducted by Lee et al.14.
The mean platelet count, even though it was higher
in the study group, did not show any significant cor-
relation with that of the control group; however, the
increase in platelet count was directly proportional
to the staging of the breast cancer. Systemic inflam-
mation leads to release of several pro-inflammatory
mediators, which stimulate megakaryocyte prolifera-
tion, such as interleukin (IL)-1, IL-3 and IL-6. Many
studies have shown that the higher mortality is as-
sociated with elevated platelet count in several can-
cers. Thus, innate antitumor responses through cell-
induced platelet aggregation is modulated negatively
by platelets which shields tumor cells from the major
histocompatibility complex so as to escape immune
surveillance by T cells14,15.
In the current study, there was an increase in the NLR
as the disease progressed. TheNLR ratio was found to
be higher in patients with axillary lymph node metas-
tasis. Many studies have shown that a pre-operative
increase in the NLR ratio suggests poor prognosis of
the breast cancer patients; it can be used as an inde-
pendent prognostic factor in breast carcinoma11,16.
The process for elevated NLR is explained by rela-
tive increase in the neutrophil count and relative de-
crease in the lymphocyte count, causing the break-
down of balance in the tumour microenvironment.
Cellular immune responses decrease as a consequence
to lymphocytopenia and there is an increase in the
inflammatory response. This increase in inflamma-
tion causes an increase in tumor growth, invasion and
metastasis11,15,16. The usefulness of the NLR in pre-
dicting short- and long-term mortality in breast can-
cer patients was first evaluated by Azab et al.17.
A meta-analysis study showed the association of NLR
with the prognosis of the breast cancer (i.e., the higher
the values, the shorter the survival time for disease-
free survival (DFS) and overall survival (OS), and the
poorer the prognosis11,18.
The present study also demonstrated that increase in
pre-operative PLR was significantly associated with
the disease progression and axillary lymph node
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Table 2: Comparison of haematological parameters in control and study group

Test Control group Study group P-Value

Hemoglobin concentration (g/dl) 11.4± 3.8 9.8±2.2 < 0.05

RBC (x 106/ µ l) 4.8± 0.6 3.98± 0.7 < 0.05

Haematocrit (%) 35.4± 3.6 31.8± 5.5 < 0.05

MCV (fL) 82.2± 5 80.6± 6 0.010

MCH (pg) 26.2± 4.2 25.6± 3.6 0.1

MCHC (g/dl) 33.37± 1.02 32.85± 1.83 0.08

WBC (x 103/µ l) 6.35± 4.8 7.1± 1.8 0.22

Neutrophil count (%) 48± 7.2 65± 12.7 0.22

Platelet count (x 103/ µ l) 235.7± 93.2 248± 90.8 0.99

Lymphocyte count (%) 35.03± 8.29 20.91± 2.25 < 0.05

Table 3: Comparison of the haematological parameters with the different staging of breast cancer

Parameters Stage 1 Stage 2 Stage 3 Stage 4

Hemoglobin concentration
(g/dl)

10.94± 1.27 9.42± 0.78 9.1± 1.97 8.44± 1.28

RBC (x 106/µ l) 4.95± 0.90 3.5± 0.44 3.0± 0.86 2.9± 0.8

Hematocrit (%) 33.8± 3.14 30.6± 7.7 28.4± 2.0 25.6± 2.5

MCV (fl) 82.8± 6.7 80.8± 4.5 79.4± 3.2 78.9± 2.5

MCH (pg) 25.2± 4.3 26.2± 4.2 26.78± 2.1 26.78± 1.1

MCHC (g/dl) 32.1± 3.95 30.5± 2.1 32.1± 0.8 30.8± 1.0

WBC (x 103/µ l) 7.7± 2.8 6.9± 1.9 5.7± 1.7 3.9± 1.1

Absolute Neutrophil count 6,502± 1226 5,323± 936 6,240± 813 5,470± 6,36

Platelet count (x 103/µ l) 250.2± 93.1 262.5± 85.2 287.2± 84 298.7± 90

Absolute Lymphocyte count 2,825± 925 2,432± 623 1,956± 840 1,784± 5.77

NLR 2.1± 1.25 2.4± 1.08 2.8± 1.10 3.2± 1.77

PLR 90.84± 35.33 107.60± 42.06 146.72± 40.36 150.30± 50.36

metastasis; these results are in accordance to the study
done by Takeuchi H et al.15. The mechanism is due
to the platelets which play an important role in tumor
progression and to lymphocytes which have a major
role in immunosurveillance which suppresses tumor
maturation15. Hence, an elevated PLR in patients
with cancer is associated with lymph node metastasis
and can be considered as a poor prognostic marker.

CONCLUSION
Complete blood count impacts the response of cel-
lular immunity on any cancer patient; alterations in
any of the hematological parameters shows a high im-
pact on disease progression. Our study showed that

the hematological parameters like hemoglobin, RBC
count, hematocrit, WBC count, platelet count, ab-
solute neutrophil count, absolute lymphocyte count,
NLR and PLR in breast cancer can be a useful guide
for disease progression. They can also be advanta-
geous for helping oncologists decide on how to pro-
vide further treatment. The increase in NLR and PLR
values can be deleterious to cancer patients as those
values are associated with poor prognosis and higher
mortality.

ABBREVIATIONS
CBC: Complete blood count
RBC: Red Blood Cell
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WBC: White Blood Cell
MCV: Mean Corpuscular Volume
MCH: Mean Corpuscular Hemoglobin
MCHC: Mean Corpuscular Hemoglobin Concentra-
tion
NLR: Neutrophil to Lymphocyte Ratio
PLR: Platelet to Lymphocyte Ratio
DFS: Disease free survival
OS: Overall survival
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