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Introduction
Squamous cell carcinoma is the most 
common neoplasm of the oral cavity 
accounting for at least 90% of all oral 
malignancies. The outcome of the disease is 
influenced by multiple factors modulating 
tumor as well as host response.[1]

Tumor-associated inflammatory response 
has been long recognized as a vital 
constituent of the spectrum of factors that 
curtail neoplastic cell progression and 
directly influence the grade and prognosis 
of the disease. The cells commonly 
observed to be a part of the histology 
of various malignant tumors include 
macrophages, neutrophils, mast cells, 
natural killer (NK) cells, and lymphocytes. 
Neutrophils, which represent 50%–70% of 
the total circulating leukocytes, have been 
found to comprise a significant portion of 
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Abstract
Context: Recent studies show that enzymatic contents of the neutrophil granules have a remarkable 
ability to modulate the tumor microenvironment by causing apoptosis of T‑lymphocytes which 
leaves the host’s cell‑mediated immunity at stake. The preoperative neutrophil to lymphocyte 
ratio (NLR) is considered to be an indicator of the immune status of the patients with oral 
squamous cell carcinoma (OSCC), which will thereby help in predicting the course of the 
disease. Aims: The aim is to assess the NLR and histopathological prognostic factors pertinent to 
infiltration of the surrounding structures and correlate them with the clinical prognostic outcomes 
of OSCC. Settings and Design: This retrospective study involved the retrieval of formalin-fixed, 
paraffin-embedded, hematoxylin, and eosin-stained sections of 55 cases of OSCC from the 
departmental archives from 2006 to 2014. Subjects and Methods: Grading of each case was 
done by Bryne's grading system. The preoperative complete blood counts, relevant case history, 
and clinical data of the patients involved in the study were collected from the institutional medical 
records. The NLR was calculated by dividing the serum neutrophil count by the serum lymphocyte 
count. Statistical Analysis Used: The median NLR was compared between the controls and OSCC 
cases using Wilcoxon‑signed rank test, and the Kaplan‑Meier survival analysis was carried out to 
predict the survival and recurrence status of OSCC. Results: Higher NLR was seen in lymph node 
and margin‑involved cases and also in patients who had tumor recurrence. Kaplan‑Meier survival 
analysis showed that the mean survival dropped from 26 to 4.5 months when NLR ≥5 (P = 0.052). 
Conclusion: Neutrophil‑to‑lymphocyte ratio can be used as a prognosticator of survival, recurrence, 
lymph node status, and margin status in OSCC.
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the leukocytic infiltrate in a wide variety of 
human cancers.[2]

An elevation in blood neutrophil‑to‑lymphocyte 
ratio (NLR) is considered to be a marker, 
which predisposes the tumor to proliferation 
and metastasis through inhibition of apoptosis, 
promotion of angiogenesis, and damage of 
DNA. Recent evidence has shown that a 
high preoperative blood NLR is associated 
with poor outcome in various malignancies, 
including esophageal cancer, hepatocellular, 
and breast cancers. However, no studies have 
been reported regarding the validity of the 
role of NLR as a marker for predicting the 
prognosis of oral squamous carcinoma.[2]

Therefore, this study aimed to estimate 
the NLR in patients with oral squamous 
cell carcinoma (OSCC) and in normal 
individuals and to find its association with 
lymph node status, margin status, recurrence, 
and survival in patients with OSCC.
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Subjects and Methods
After obtaining the necessary approval from the institutional 
ethics committee, 55 formalin-fixed, paraffin-embedded, 
and hematoxylin and eosin‑stained sections of cases of 
OSCC were retrieved from the departmental archives. 
Grading of each case was done by Bryne's grading system 
of invasive tumour front.[3] The preoperative complete 
blood counts, relevant case histories, and clinical data of 
the patients involved in the study were collected from the 
institutional medical records. The NLR was calculated 
by dividing the serum neutrophil count by the serum 
lymphocyte count.

Results
The results of the present study showed that the NLR 
of histopathologically‑proven cases of OSCC showed 
a significantly higher median of 2.7 (P < 0.001) 
compared to the NLR in normal (control) individuals 
(range of 1.7–2.3 with a median of 2.0)[4] using one 
sample Wilcoxon‑signed rank test. Compared to the 
well‑differentiated OSCC (n ‑ 24, median of 2.44) NLR 
was found to be increased in poorer grades of tumor 
with moderately‑differentiated cases (n ‑ 18) having a 
median of 3.2 and poorly differentiated cases (n ‑ 11) 
having a median of 2.9 (Kruskal–Wallis test, P = 0.399). 
Similarly, cases with recurrence showed a higher NLR 
of 2.7 as compared to non‑recurrent cases whose median 
was 2.4 (P = 0.431). NLR was slightly higher though 
not statistically significant in cases where the surgical 
margins were involved by tumor (median of 2.9 vs. 2.7). 
Patients with lymph nodes involved by tumor had a higher 
NLR (median of 2.7) than those who had tumor‑free 
lymph nodes (median = 2.4) (P = 0.908) [Figure 1]. 
The Kaplan‑Meier survival analysis showed that when 
the NLR was >5, the survival dropped to a mean of 
4.5 months as compared to 26.83 months for the NLR 
values <5 (P = 0.052) [Figure 2].

Discussion
Inflammation is an integral feature in tumor biology 
as tumor-associated inflammation is considered to be 
an important factor that regulates tumor progression. 
Neutrophils are the most common type of acute 
inflammatory cells present in the peripheral blood. 
They are constantly on a “ready to respond” mode to 
chemotactic stimuli, thereby helping the host to ward off 
the infection. These cells account for about 60% of the total 
leukocyte population but are short‑lived. Their life could 
be modulated in certain specific micro environments like 
the tumor microenvironment, in which they are educated 
in favor of tumor progression. During this process, they 
release certain enzymes that modify the extracellular 
matrix (ECM) providing a path for their easy migration 
to the site of microbial insult/injury and kill them, which 
is a part of host defense. The B and T lymphocytes and 

NK cells are in addition the more specific and efficient 
major drivers of chronic inflammation and are a part of 
cell‑mediated immunity.

The ratio between the serum neutrophil count and the 
serum lymphocyte count is termed as NLR. It is considered 
to be an independent prognostic indicator in hepatocellular 
carcinoma, colorectal carcinoma and various ovarian 

Figure 1: Box-and-whisker plot showing margin status, lymph node status, 
recurrence, and survival in oral squamous cell carcinoma
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tumors.[5,6] NLR may also be regarded as an indicator of the 
proportion of cell‑mediated or innate immunity. A higher 
NLR is indicative of a lagging cell‑mediated immunity and 
vice versa.

Neutrophils and macrophages are credited with the 
innate ability to release interleukin (IL)‑8. Under normal 
physiological conditions, the function of IL‑8 is to attract 
neutrophils to the site of injury along with the help of other 
inflammatory mediators like tumor necrosis factor-α and 
IL‑1β, and prevent the wound from further microbial insult 
and promote healing. Once the infection is cleared, or 
the wound is healed, IL‑8 secretion stops, attenuating the 
influx of neutrophils and the consequential inflammatory 
responses.[7]

Tumor cells are also known to ectopically secrete IL‑8 in a 
much higher concentration attracting increasing numbers 
of neutrophils and modulating them to their favor. A direct 
correlation between the tumor cell lines secreting increased 
levels of IL‑8 and their metastatic potential has been shown 
for many tumor cell types.[8,9] An in vivo study by Trellakis 
et al. has shown that the level of IL‑8 secreted by the 
metastatic cell lines were higher than in their poorly metastatic 
counterparts.[10] IL‑8 is also considered to be an autocrine 
growth and motility factor of many tumor cell lines, thus the 
tumor cells which respond to this ectopically secreted IL‑8 are 
said to have an advantage of growth and progression.[7]

Neutrophil tumor cell cannibalism

The reasons for ectopic and excessive production of IL‑8 by 
the tumor cells may be explained by the concept of neutrophil 
tumor cell cannibalism. As the tumor progresses toward a 
poorer histological grade, tumor cells lose cohesion within 
the tumor and show less interaction with the surrounding 
connective tissue stroma. It is quite conceivable that the 
dedifferentiated tumor cells could indulge in cannibalism 
resulting in neutrophil phagocytosis for its survival. When 
this happens, a horizontal DNA transfer occurs from the 

neutrophils to the tumor cells leading to the acquisition of 
the properties of neutrophils by the neoplastic cell.[11] This 
leads to the ectopic production of cytokines and expression 
of receptors of neutrophils by the tumor cells. Tumor cells 
may thus stimulate the production of neutrophils as well as 
induce their chemotaxis to the tumor site. This is supported 
by in vitro studies on the role of polymorphonuclear 
neutrophils (PMN’s) in tumor progression where human 
head and neck squamous cell carcinoma tumor cell lines 
modulate granulocyte immunobiology by directly recruiting 
the PMN’s, prolonging their survival and promoting their 
inflammatory activity.[12]

Lymphocytopenia

The cytolytic activity of lymphocytes, activated T cells and 
NK cells, is said to be suppressed by neutrophils, and the 
degree of suppression is closely associated with number of 
neutrophils.[13] Tumor‑derived factors are found to induce 
death of immune cells at the site of the tumor and also in 
the peripheral blood. Various studies have reported a higher 
frequency of death of immune cells in the blood of cancer 
patients compared to the controls that could be explained 
by the significantly higher expression of Fas in patients in 
advanced stages of the disease and with increased tumor load. 
Thus, spontaneous apoptosis of CD8 T cells leads to rapid 
lymphocyte turnover and a decrease in an absolute number 
of T cell subsets which is seen in most of the advanced 
and poorly‑differentiated cases.[14] The relative decrease in 
lymphocytes in comparison to the abnormally high neutrophils 
could also be considered as a reason for higher NLR.

Neutrophil to lymphocyte ratio and tumor 
differentiation

NLR is increased in initial tumors as a host response to 
the recognition of the “foreign nature” of tumor in the 
connective tissue zone. In advanced stages there is also 
suppression of lymphocytes further leading to relative 
increase in NLR. This is well supported in our study 
as a progressive increase in the NLR is evident in cases 
showing poorer differentiation. While it can detect a trend 
in dedifferentiation, it may not be effective in delineating 
the moderately and poorly differentiated grades of OSCC. 
Poorly‑differentiated cases have a greater genomic 
instability which could be attributed to the increase in 
the infiltration of neutrophils. As the tumor matures, it 
integrates the function of neutrophils with it to further 
increase the proportion of neutrophils. Haqqani et al. have 
proved that the reactive nitrogen oxygen species that are 
produced by the activated neutrophils in the tumor milieu 
are to an extent responsible for the accumulation of 
mutations that are responsible for tumor progression.[15]

Neutrophil to lymphocyte ratio and margins, lymph 
nodes, and recurrence

Our results showed a higher NLR in cases with 
involvement of surgical margins and lymph nodes and 

Figure	2:	Kaplan‑Meier	survival	curve	showing	significantly	lower	survival	
when neutrophil to lymphocyte ratio is >5
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in those who had recurrence. This could be attributed to 
the fact that neutrophils perform two important functions, 
(i) angiogenesis, ii) production of reactive oxygen 
species (ROS).

Neutrophil elastase (NE), a type of serine protease is 
synthesized in large quantities by the neutrophils during 
the myelo‑monocytic stages of bone marrow development. 
Later in life, they synthesize metalloproteinases such as 
neutrophil collagenase (matrix metalloproteinase [MMP]‑8) 
and gelatinase B (MMP‑9), which is stored within the 
cytoplasmic granules. Neutrophils are said to have an 
adapted strategy for rapid dispersal of these enzymes to the 
phagolysosome while sequestering them from vital parts of 
the cell. The killing of the microorganisms is assisted by 
the rapid transport of ROS, defensins and serine proteases. 
Small amounts of proteinases are also released into the 
ECM in quantum micro‑bursts to transiently overwhelm 
their inhibitors to accomplish focused proteolysis.[13] Thus, 
the ECM components are hydrolyzed by the neutrophilic 
contents[12] and this remodeled ECM offers decreased 
resistance for the tumor cells to traverse thereby leading 
to greater chances of margin involvement or lymph node 
metastases.

Angiogenesis

Neutrophils are considered to be a major source of 
vascular endothelial growth factor (VEGF) which 
promotes angiogenesis that in turn promotes metastasis. 
Various studies on Hepatocellular carcinoma have shown 
a positive correlation between higher levels of VEGF 
and tumor recurrence.[6,13] Once the neutrophils reach 
the tumor, they release the enzyme NE within the tumor 
milieu. NE activates latent proteases which can then cleave 
and inactivate plasminogen activator inhibitor 1, which 

is the natural inhibitor of plasmin. During the process of 
remodeling, embedded growth factors like basic fibroblast 
growth factor which is also a potent angiogenic factor and 
a growth factor for endothelial cells is released.[7] As the 
neutrophils traverse through the newly remodeled ECM, 
it makes way for the endothelial cells to move to the site 
of tumor, thus promoting angiogenesis and sustenance of 
tumor toward dedifferentiation.

Role  of  reactive  oxygen  species  –  decreased  cell matrix 
interaction

The neutrophilic enzymes used in the production of ROS 
are nicotinamide adenine dinucleotide phosphate oxidase 
and myeloperoxidase. The NADPH oxidase reduces O2 
to superoxide anion, which is converted to hydrogen 
peroxide (H2O2). The enzyme myeloperoxidase which is 
present at high concentrations in neutrophils converts H2O2 
to hypochlorous acid (HOCl) in the presence of chloride 
ions. HOCl is a potent modifier of several proteins of 
the ECM. Thus, these further modifications bring about a 
decrease in the cell‑matrix interaction.[7]

Activation of latent proteases by NE also results in 
decreased cell – cell interactions. Thus, the tumor cells can 
dissociate easily from the tumor mass and move to different 
sites leading to loco‑regional recurrence.[7]

In summary, tumor de‑differentiation is a vicious cycle. The 
dedifferentiation induces innate production of IL‑8 because 
of integration of neutrophil DNA with that of tumor 
cells. Furthermore, dedifferentiated tumor cells induce 
lymphocyte apoptosis mediated by Fas ligands, collectively 
increasing the NLR. Increased neutrophils produce ROS 
which induces genomic instability resulting in further 
de‑differentiation. Neutrophil products like ROS, NE, MMP 

Figure 3: Pathogenesis of neutrophil to lymphocyte ratio in oral squamous cell carcinoma
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8 and VEGF hasten the ECM degradation and promote 
angiogenesis, thus accounting for the positive correlation of 
NLR with metastasis and poor survival [Figure 3].

We found a significantly high preoperative NLR in OSCC 
patients who had a poor survival rate. Higher NLR was 
also found in cases that showed the involvement of 
surgical margins and lymph nodes. Patients with higher 
NLR showed a higher tumor recurrence rate than those 
with a lower NLR. Thus, NLR can be used as a feasible, 
cost‑effective, and potential biomarker to preoperatively 
identify patients with poor prognosis and adverse tumor 
biology.
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