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Abstract

Introduction: Neutrophilia has been associated with many chronic inflammatory lung diseases, lung
cancer and systemic inflammatory diseases. A common denominator of inflammation in these entities is Th
17 type of CD4+T cell adaptive immunity. Neutrophil infiltration of tumour microenvironment and
peripheral blood neutrophilia has become a focus of attraction in recent research on chronic inflammatory
diseases. Many studies have shown that increased neutrophil:lymphocyte ratio(NLR) and advanced lung
cancer inflammation index (ALI) are poor prognostic indicators in cancers.

Aims: This study aims to find out the neutrophil: lymphocyte ratio in lung cancer patients.

Materials and Methods: This study is a retrospective analysis conducted in the Department of Pulmonary
medicine in a tertiary care centre in south Kerala. The case records of 50 patients, histologically diagnosed
as lung cancer were analysed. NLR was calculated from routine blood examination results.

Results: The total number of patients included in the study was 50.The most common histological type of
lung cancer was adenocarcinoma in both males and females of all ages. Neutrophil lymphocyte ratio was
high in all patients, irrespective of the histological type. Mean value of NLR was 5.33 (reference range,
2.15 or less) ¥

Conclusion: This study shows that neutrophils are the predominant leukocytes in peripheral blood of lung
cancer patients, supporting the concept of ongoing injury and repair processes in the pathogenesis of
inflammation in lung cancer. NLR is a simple and inexpensive bed side biomarker of systemic inflammation
in lung cancer patients.
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Introduction

Lung cancer is a major cause of cancer related
mortality worldwide, comprising 17% of the total
new cancer cases and 23% of the total cancer
deaths. It forms the leading cause of cancer death

among males, in both developed and developing
countries. Among females, lung cancer has
surpassed breast cancer as the leading cause of
cancer death in more developed countries. Now it is
well accepted that many lung diseases such as
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cancer, COPD, asthma and IPF are inflammatory
lung diseases that share the common pathway of
inflammation and aberrant repair(z) Inflammation is
the natural response of body to any sort of
injury(pathogen, allergen, toxins, products from
tissue damage),and is mediated by the innate and
adaptive immune systems. Innate immunity together
with adaptive immunity makes up the natural host
defensive  barrier; composed of epithelial
endothelial barriers, germline encoded receptors,
immune organs, immune inflammatory cells, and
cytokines. Multicellular organisms possess germline
encoded surveillance systems to detect these
signals. Innate immunity aroused approximately 600
million years ago and is evolutionarily conserved
across different forms of life species. Adaptive
immunity came later during evolution and is present
only in vertebrates®.The host immune response in
inflammation is a well co-ordinated signalling
programme initiated by the innate immune system ,
complemented by the adaptive immune system and
carried out via a complex neurohumoral- immune
axis, executed at the cellular level through the
cytokine signalling directed network system.
Neutrophils, the first line phagocytic cells attracted
to the site of inflammation form the major cellular
players in acute inflammation. But these short lived
cells are known to have afore most role in the
inflammatory process in various chronic pulmonary
diseases such as cancer®, COPD, asthma, cystic
fibrosis and IPF®®). Neutrophils in the tumor micro
environment termed tumor associated neutrophils
(TANs), have complex interaction  with
macrophages in the tumor milieu and have an
unquestionable rolein tumor  progression,
angiogenesis and metastasis in various types of
cancers in humans. The exact role of neutrophils in
cancer related inflammation is not yet unveiled.
Haematological indices such as Neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte
ratio (PLR), lymphocyte to monocyte ratio (LMR),
advanced lung cancer inflammation index!” and
serum levels of acute phase protein and C-reactive
proteins (CRP) have been found to be useful
markers of inflammation in lung cancer®Y.

Materials and Methods

This study was a retrospective analysis conducted in
the Department of Pulmonary medicine in a tertiary
care centre. The case records of 50 patients with
histological diagnosis of lung cancer were analysed.
Total leukocyte count, neutrophil and lymphocyte
counts were noted. NLR ratio was calculated from
the data collected.

Exclusion criteria: Patients with acute infections,
likely to have peripheral blood neutrophilia were
excluded from the study.

Results

The total number of patients included in the study
was 50, out of which 38 patients were male and 12
patients were females. The number of
adenocarcinoma was 34 and squamous cell
carcinoma was 8, while 8 cases were not
differentiated regarding the cell type. In all the
groups of cancer patients the NLR was high
irrespective of the histological type(mean value
5.33).0n case of carcinoid tumor was diagnosed in a
female patient which also showed high NLR. The
most common comorbidities were COPD, diabetes
and tuberculosis. Among the comorbidities, COPD
and active Tuberculosis, which are definite risk
factors for lung cancer, show high NLR compared
to others, 4.79 and 9.72 respectively, reflecting the
higher inflammatory status in these conditions that
may be contributing to cancer related inflammation.
Table 1: Results

Total Number of patients 50 NLR
Male 38 5.76
Female 12 341
Histological type

Adenocarcinoma 34 5.42
Squamous cell carcinoma 8 3.58
Undifferentiated 8 6.65
Carcinoid 1 2.43
Comorbidity

COPD 9 4.79
Diabetes mellitus 5 3.63
Healed PulmonaryTB 2 3.09
Active tuberculosis 2 9.72

Discussion
Blood neutrophils are relatively short-lived cells and
are the most abundant leucocyte population in
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human blood (40-60%) constituting an important
first line defense against infections. Functionally
intact neutrophils are essential for life in mammals,
including humans. Neutrophils released into the
circulation from the bone marrow is constantly
generated by granulopoesis. Nearly 10* cells are
generated and released into the circulation every
day. Complete blood count (CBC) with differential
WBC count is one of the most common and simple
laboratory tests performed in the clinic. The
absolute count of neutrophils, lymphocytes, and
monocytes reflects the inflammatory response and
overall immune status of the body. Peripheral blood
prognostic  inflammatory  markers including
the neutrophil-to-lymphocyte

ratio (NLR), lymphocyte-to-monocyte ratio (LMR),
platelet-to-lymphocyte ratio (PLR) are simple and
inexpensive markers of inflammatory status in
cancer patients, and has been found to have
correlation with treatment response and prognosis in
various types of cancers®*'Y. However, there are a
limited number of reports about the relationship
between NLR and lung cancer among our patients.

Neutrophils in resolution of inflammation

The histologic hallmark of resolution of
inflammation is disappearance of neutrophils from
the tissue®®. Persistence of neutrophils in tissues
accelerate the inflammatory process by tissue
damage via reactive oxygen species (ROS) and
extracellular release of enzymes contained in
neutrophil  granules and cytokine release.
Neutrophils are short life span cells but they can
live for weeks in cancer tissues and promote tumor
progression™. Apoptotic neutrophils are taken up
by macrophages and carried to lymph nodes, spleen
and liver where they are destroyed. The macrophage
mediated killing of neutrophils termed as
efferocytosis elicits immune modulatory properties
anti-inflammatory signaling, prevents neutrophil
lysis, and dampens immune responses.

Efferocytosis of apoptotic neutrophils is a
fundamental, innate process required for tissue
homeostasis and immunity, and its dysregulation
can lead to unwanted excessive inflammation,

autoimmunity, and exacerbation of infection.
Impaired neutrophil efferocytosis has been observed
in many human inflammatory lung diseases such as
cystic fibrosis, chronic obstructive pulmonary
disease, asthma, idiopathic pulmonary fibrosis,
glomerulonephritis, atherosclerosis , lung cancer ,
autoimmune diseases, such as rheumatoid arthritis
and systemic lupus erythematous®**®. Resolution
of inflammation is a battle between neutrophils and
macrophages, whereby macrophages clear all the
neutrophils from the site.

Neutrophils rapidly migrate in high numbers to sites
of inflammation (e.g., infection, tissue damage, and
cancer) and are subsequently able to migrate to
draining lymph nodes (LNs)™®. Once in the tissues,
neutrophils perform phagocytic killing of pathogen,
undergo apoptosis and accumulate as uncleared
apoptotic cells®”. The time at which viable
neutrophil numbers are maximum in the tissue is
often considered the “peak” of a self-limiting
inflammatory episode, that typically coincides with
the maximum number of uncleared apoptotic
neutrophils in the tissue. This is accompanied by
proresolving process and repair of injured
epithelium followed by macrophage mediated
efferocytosis and clearance of neutrophils and tissue
debris during the resolution stage .

All  cancers contain cells with malignant
morphological features termed as tumor cells,
admixed with stromal cells and endothelial cells that
constitute the tumor micro environment. Stromal
cells, blood vessels and infiltrating inflammatory
cells are major components of the tumor
microenvironment Sustained reciprocal
communications with neoplastic cancer cells and
immune cells create the inflammatory tumor
microenvironment. The cellular infiltrate composed
of mast cells, dendritic cells, T lymphocytes ,
natural Killer cells (NK), T regulatory cells (Tregs),
myeloid derived suppressor cells (MDSC), tumor-
associated macrophages (TAM) and tumor-
associated neutrophils (TANs) are the key
participants of the tumor micro environment where
they can promote or inhibit cancer formation and
development™®.  Cytokines and  chemokines
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released from neutrophils recruit other immune cells
to the site of injury. .Neutrophils in tumor
microenvironment forming an integral part of the
battle between immune system and cancer stem
cells play complex pro tumorigenic, angiogenict*?,
metastatic and antitumorigenic functions. Dual pro
and antiinflammatory role of neutrophils in human
cancer has been a subject of great interest.
Neutrophils have direct action on premalignant
epithelial cells in accelerating tumorigenesis.
Neutrophils present in tumorsare recruited from
blood bychemoattractants secreted by tumor cells.
Role of neutrophils in cancer related
inflammation

Neutrophils (TANS) in tumor microenvironment
have been suggested as key players in malignant
transformation, tumor progression, antitumoral
immunity, and angiogenesis® Neutrophils attracted
to sites of inflammation by chemokines exert their

action by different mechanisms such as
cytoplasmic granules, release of a variety of
molecules with pro inflammatory or anti-

inflammatory effects . These include antimicrobial
peptides, reactive oxygen species (ROS) and
enzymes. Neutrophil extracellular trap formation
(NETsis) and neutrophil apoptosis are two major
suicidal programmes in tumor microenvironment
that has major implications in pathogenesis of
neutrophil mediated chronic inflammatory diseases,
which remainas major hurdles in understanding
thepathogenesis of cancer related inflammation.
Neutrophils that have phagocytosed the pathogens
are removed by macrophages by a process called
efferocytosis. Neutrophil macrophage interaction in
tumor micro environment is mediated via various
inter cellular signals. A neutrophilic response is
having worse prognosis by inhibiting the immune
system by way of suppression of cytotoxic T cells.
Tissue infiltration is accompanied by leucocytosis.

Neutrophil lifespan is altered in cancer, extending
from 7 hin normal conditions to 17 h in cancer®®.
The immune infiltrating cells in the tumorstroma is
critical in tumor behaviour, and response to therapy.
The prognostic value of absence, presence or
abundance of tumor associated neutrophils (TANS)

vary among tumor types and among individuals
with same type of tumors or between different
tumors in same individual. Increased number of
neutrophils in tumor environment is reflected as
high neutrophil lymphocyte ratio (NLR) in
peripheral blood®. The tumor microenvironment
deregulates neutrophils, mainly via Granulocyte
colony stimulating factor (G-CSF) and its receptor
G-CSFR™?. G-CSF is released from various cell
types in the tumor milieu such as endothelial cells,
fibroblasts, monocytes and macrophages in response
to Toll like receptor (TLR) ligands and pro
inflammatory cytokines. Neutrophils and progenitor
cells carry surface receptor for G-CSF. Binding to
these receptors activates downstream Janus Kinase
(JAK) or signal transducer and activation of
transcription 3 (STAT-3 pathway). This pathway is
an essential signalling pathway for cancer related
inflammation. JAK/ STAT3 pathway activation
leads to expression of genes required for
granulopoesis such as myc, CEBPB, elevated G-
CSF and GM-CSF have been documented in
various human cancers in which high leukocyte
count with neutrophil predominance or leukaemoid
blood picture is observed.

Protumoral effects of neutrophils are exertedvia
matrix metalloproteinases, proteases and reactive
oxygen species (ROS). ROS can came DNA
damage, render genetic instability, initiate mutation
and drive oncogenic transformation in precancerous
cells. Tumor progression by neutrophils is by
release of enzymes such as neutrophil elastase,
(ELA2) which activate phosphoinositide-3 kinase
(PI3K) to promote tumor cell proliferation.
Activated neutrophils during degranulation release
cell surface-derived vesicles, called ectosomes, that
expose phosphatidyl serine on their surface, an “eat
me” signal for DCs. Neutrophils play critical role in
pathogen clearance in inflammation and wound
healing. Both at the site of inflammation as well as
in the LNs, neutrophils can engage with
lymphocytes and antigen-presenting cells*®.
Neutrophils can also prevent recruitment of other
innate immune cells to lymph nodes. The pathogen
particles transported by neutrophils to secondary

Raseela Karunakaran et al JIMSCR Volume 06 Issue 10 October 2018

Page 1098




lymphoid organs are processed and presented to B
and T lymphocytes to stimulate adaptive immunity.
Until recently neutrophils were considered to be
terminally differentiated cells destined to die at the
site of infection. Recent research has shown that
neutrophils carrying antigens are the first cells to
arrive the draining lymph nodes from the periphery
and upregulate molecules associated with antigen
presentation and co-stimulation to  recruit and
activate other cells Such as dendritic cells (DCs).
DCs are key players in the initiation of the antigen-
specific immune response, bridging innate and
adaptive immunity. During neutrophil
degranulation, alarmins are also released .Alarmins
are damage associated molecular patterns (DAMPS)
contributing to the chemoattraction of inflammatory
DCs(iDCs). DAMPs act either by a direct action
viadefensins and alarmins-like HMGB1 or
indirectly through induction of chemokines
involved in the recruitment of iDCs such as and
CCL5. In addition, neutrophils release proteases,
such as cathepsin G and elastase, that can process
inactive,  nonclassicalchemokines,  such  as
prochimerin, into chemoattractive molecules.

Heterogenous role of TANSs in tumors ,needs to be
more clearly understood. Aberrant accumulation of
neutrophils has been observed in a wide variety of
malignant tumors, the prognostic value of which
appears non uniform among patients with same
type of cancers. In most cases TAN is often
associated with poor prognosis and shows positive
correlation with advanced tumor size and grade.
Conversely large number of tumor infiltrating
neutrophils is found to correlate with enhanced
survival in early stage lung cancer and in women
but not men with advanced gastric cancer. In uterine
epithelial cancer, neutrophils have been shown to
slow down early tumor growth and progression by
inducing tumor cell detachment from the basement
membrane. The multi factorial role played by
neutrophils in tumor microenvironment has major
implications intumor pathogenesis and progression.
Th17 type of CD4+ T cell adaptive immunity in
cancer is pivotal in neutrophil recruitment in
tumors. IL-17A exerts this effect by orchestrating

the local release of neutrophil-mobilising factors in
resident cells. Recent studies promote IL-17A as a
candidate cytokine for linking the activation of T-
lymphocytes to the sustained accumulation and
activity of neutrophils in the lungs®. The
association of tumor infiltrating neutrophils with
Th17type of adaptive immunity in mediating cancer
related inflammation is a subject of enormous
interest in cancer research. A number of recent
meta-analyses identified TAN as well as high
neutrophil-lymphocyte ratio in the blood as one of
the most powerful immunologic prognostic
parameters in human oncology .Further research to
understand the mechanism and functionality of
TAN in cancer are encouraged®®.

Limitations

This is not a prospective study. Correlation with
tumor stage was not assessed. Follow up study to
find out the correlation with treatment and
prognosis was not done. A major hindrance to the
follow up study is that most of the cytotoxic drugs
used for chemotherapy induce neutropenia. Hence
follow up study would be possible only in patients
treated with specific receptor blockers such as
tyrosine kinase inhibitors orsimilar molecules.

Conclusion

This study shows that neutrophils are the
predominant leukocytes in peripheral blood of lung
cancer patients, supporting the concept of ongoing
injury and repair processes in the pathogenesis of
inflammation in lung cancer. NLR is a simple and
inexpensive bed side biomarker of systemic
inflammation in lung cancer patients.
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