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Abstract

Background: Laryngeal carcinogenesis is a multifactorial process that has not been fully elucidated. Despite
extensive research, reliable markers with diagnostic and prognostic value are still lacking. It was recently
reported that an elevated preoperative neutrophil-to-lymphocyte ratio (NLR) may correlate with an increased
risk of recurrence, tumor aggressiveness and poorer prognosis in various malignancies. The aim of this study
was to examine whether NLR could be used as an inflammatory marker to differentiate laryngeal squamous
cell carcinoma (LSCC) patients from benign laryngeal lesion (BLL) and precancerous laryngeal lesion (PLL)
patients. Materials and Methods: This retrospective study was performed on 209 patients admitted to a tertiary
referral center with laryngeal lesions and undergoing biopsies to establish their histopathological diagnosis. We
reviewed the patient files for their clinical, histopathological and laboratory data. The patients were divided into
three groups according to their histopathological findings, as BLL, PLL and LSCC groups. The patients in the
PLL group were also divided into three subgroups as mild, moderate and severe dysplasia/ carcinoma in situ
(CIS) subgroups. The groups were compared for NLR and the other laboratory data. Results: The mean NLRs
of the BLL, PLL and the LSCC groups were 2.12+0.86, 2.32+0.68 and 3.46+1.51, respectively, and the difference
was statistically significant (p=0.001). The mean NLRs of the patients with PLL and LSCC were significantly
higher than the patients with BLL (p=0.031 and p=0.001, respectively). The mean NLRs were similar among mild
dysplasia, moderate dysplasia and severe dysplasia / CIS groups (p>0.05). Conclusions: To our knowledge, this
is the first study investigating NLR in BLL, PLL and LSCC. NLR is an inexpensive, reproducible and widely
available blood test, and could be a useful inflammatory marker to differentiate LSCC from BLL and PLL.
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Introduction diagnostic and prognostic value are still lacking.

Todays, it is supposed that the inflammatory reaction

Laryngeal squamous cell carcinomas (LSCC) are
the most frequently seen cancers among head and neck
squamous cell carcinomas (HNSCC), and they constitute
1-2% of all malignancies worldwide (Sadri et al., 20006).
Laryngeal carcinogenesis is a multifactorial process that
has not been fully elucidated. LSCC develops as a result
of structural and cytological alterations in the laryngeal
squamous epithelium (Marcos et al.,2011). Transformation
of precancerous laryngeal lesions (PLL), which include
various degrees of dysplasia and carcinoma in situ (CIS),
to invasive cancer is not infrequent (Ferlito et al., 2012).
Currently, there is no sufficient evidence for the use of
biomarkers in predicting the future behavior of laryngeal
dysplastic lesions in the clinical practice (Nankivell et al.,
2011). Despite extensive research, reliable markers with

of the host against tumor, and the inflammation caused
indirectly by tumor increase angiogenesis, damage
DNA, and facilitate proliferation of tumor and its
metastasis by preventing apoptosis (Jaiswal et al., 2000;
Coussens and Werb, 2002). Recent studies have shown
correlations between the degree of systemic inflammatory
response and outcomes in various tumors (Roxburgh
and McMillan, 2010). Neutrophil-to-lymphocyte ratio
(NLR) is a validated marker of systemic inflammation
(Ozdemir et al., 2014). Published data suggest that
an elevated preoperative NLR may correlate with an
increased risk of recurrence, tumor aggressiveness, poorer
prognosis, propensity for metastasis and death in various
malignancies (Karaman et al., 2013; Kacan et al., 2014;
Kemal et al., 2014).
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The aim of this study was to examine whether NLR
could be used as an inflammatory marker to differentiate
LSCC patients from benign laryngeal lesion (BLL) and
PLL patients. To our knowledge, this is the first study
that has investigated the relationship of an elevated
preoperative NLR in BLL, PLL and LSCC patients.

Materials and Methods

This retrospective study was performed on 209

treatment. NLR was calculated as a simple ratio between
the absolute neutrophil and the absolute lymphocyte
counts. An automated blood cell counter (Beckman
Coulter analyzer, California, USA) was used for CBC
measurements. CBC analyses were performed within 2
hours after blood sampling.

The patients were divided into three groups according
to their histopathological findings, as BLL, PLL and
LSCC groups. The patients in the PLL group were also
divided into three subgroups as mild, moderate and severe

patients who admitted to a tertiary referral center with
laryngeal lesions between May 2010 and May 2014, and
had biopsies to establish their histopathological diagnosis.
Our study was approved by the local ethics committee,
and conducted in accordance with the ethical principles
of Declaration of Helsinki.

We reviewed the patients’ files for their clinical,
histopathological and laboratory data. Only subjects with
available preoperative complete blood counts (CBC) with
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of the patients were analyzed. The patients who had any
inflammatory, autoimmune, acute or chronic infectious
diseases, hematological disorders, history of corticosteroid
therapy or chronic renal insufficiency were excluded.
All WBC and differential counts were obtained within
the week prior to biopsy, before the patients received any

Figure 1. Mean Neutrophil-to-Lymphocyte Ratios in
Benign Laryngeal Lesion, Precancerous Laryngeal
Lesion and Laryngeal Squamous Cell Carcinoma
Groups.

Table 1. The Demographic Characteristics and the Variables Studied in Benign, Precancerous and Malignant
Laryngeal Lesion (SCC) Groups

1Benign (n=80) 2Precancerous (n=63) 3SCC (n=66) p
Mean+SD Mean+SD Mean+SD

Age (years) 47.33+12.63 57.14+9.88 63.45+9.57

MPV (fl) 991x1.72 9.99+1.29 9.78+1.55 0.745

PDW (fl) 14.38+2.38 13.66+2.37 14.35+2.58 0.160

WBC (103/U) 8.00+£1.95 7.89+1.87 8.39+2.06 0.321

Platelet (103/U) 262.33+66.85 237.34+£58.97 254.10+73.88 0.085

Neutrophil (103/U) 4.77+1.57 5.15+1.60 5.34+1.77 0.106

Lymphocyte (103/U) 2.41+0.70 2.26+0.51 2.06+0.81 0.013%**

NLR 2.12+0.86 2.32+0.68 3.46x1.51 0.001%%* 2p=0.03 1 **
>3p=0.068
159p=0.0017*

n (%) n (%) n (%) Total n (%)

Gender Male 63 (78.7%) 54 (85.7%) 64 (97.0%) 181 (86.6%)

Female 17 (21.3%) 9 (14.3%) 2 (3.0%) 28 (13.4%)

#p<0.05 #*SD: Standard deviation, MPV: Mean platelet volume, PDW: Platelet distribution width, WBC: White blood cell, NLR: Neutrophil-to-lymphocyte ratio, SCC:
Squamous cell carcinoma

Table 2. Mean Analysis for Neutrophil-to-Lymphocyte Ratio and Other Complete Blood Count Parameters of
Precancerous Laryngeal Lesion Subgroups

Mild dysplasia Moderate dysplasia Severe dysplasia (n=11) / p
(n=23) (n=24) CIS (n=5) (n=16)
Mean+SD Mean+SD Mean+SD
WBC (103/U) 7.89+2.54 7.83+1.35 7.99+1.51 0.965
Platelet (103/U) 225.78+53.09 234.20+44.95 258.68+80.22 0.220
Neutrophil (103/U) 492+1.83 5.28+1.53 5.27+141 0.711
Lymphocyte (103/U) 2.17+0.68 2.38+0.42 2.20+0.29 0.330
NLR 2.34+0.81 2.25+0.62 2.40+0.60 0.776

#p<0.05 **SD: Standard deviation, MPV: Mean platelet volume, PDW: Platelet distribution width, WBC: White blood cell, NLR: Neutrophil-to-lymphocyte ratio, CIS:
Carcinoma in situ
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dysplasia/CIS subgroups (Gale et al., 2005). The patients
in the BLL group had histopathological diagnoses of
inflammation, vocal nodule or vocal polyp. All of the
patients in LSCC group had histopathological diagnosis
of squamous cell carcinoma. The groups were compared
for NLR, MPV, PDW, WBC, and platelet, neutrophil and
lymphocyte counts.

Statistical Package for Social Sciences (SPSS) for
Windows 21.0 software was used for the statistical
analyses. The descriptive data were presented as
meanz+standard deviation. For comparison of the
quantitative data that did not show a normal distribution
among 3 or more groups, the Kruskal Wallis test was used.
Mann Whitney U test was used for two-group comparisons
of data with an abnormal distribution. The significance
was set at p<0.05.

Results

A total of 209 patients, 181 (86.6%) males and 28
(13.4%) females were included in the study. BLL group
consisted of 80 patients, 63 (78.7%) males and 17 (21.3%)
females. PLL group consisted of 54 (85.7%) males and
9 (14.3%) females, and a total of 63 patients, and LSCC
group consisted of 66 patients comprising 64 (97.0%)
males and 2 (3.0%) females. The mean ages of BLL, PLL
and LSCC groups were 47.33+12.63, 57.14+9.88 and
63.45+9.57 years, respectively (Table 1).

The histopathological diagnosis was inflammation in
23, vocal nodule in 24, and vocal polyp in 33 patients in
BLL group. In PLL group, 23 patients had mild dysplasia,
24 had moderate dysplasia, 11 had severe dysplasia, and
5 patients had CIS.

The mean lymphocyte counts of the BLL, PLL and
the LSCC groups were 2.41+0.70 10°/U,2.26+0.51 103/U
and 2.06+0.81 10°/U, respectively, and the difference was
statistically significant (p=0.013) (Table 1).

The mean NLR of the BLL, PLL and the LSCC groups
were 2.12+0.86, 2.32+0.68 and 3.46+1.51, respectively,
and the difference was statistically significant (p=0.001)
(Table 1). The paired comparisons made to determine the
group that caused the difference revealed that the mean
NLR of the patients with PLL and LSCC were significantly
higher than the patients with BLL (p=0.031 and p=0.001,
respectively). However, the difference between the
mean NLR of PLL and LSCC groups was not significant
(p=0.068) (Table 1) (Figure 1).

MPV, PDW, and WBC, neutrophil and platelet counts
were similar among the BLL, PLL and LSCC groups
(p>0.05) (Table 1).

NLR, and WBC, neutrophil, lymphocyte and platelet
counts were similar among mild dysplasia, moderate
dysplasia and severe dysplasia / CIS groups (p>0.05)
(Table 2).

Discussion

HNSCC is the sixth most commonly seen cancer in
the world, and more than 90% of the tumors occur in
larynx, oral cavity and pharynx (Haddad and Shin, 2008;
Jemal et al., 2008). Adequate diagnosis and treatment
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of the precursor lesions is needed to improve survival.
A laryngeal mucosal precancerous lesion is defined as
an altered epithelium with an increased likelihood of
progression to LSCC (Gale et al., 2005).

Inflammation can be caused by infection, autoimmune
diseases, malignant and benign tumors and other
pathologies, and results in infiltration of the inflammatory
cells at specific sites in the body. Inflammation is thought
to contribute to the development and progression of
various cancers, and inflammation in the body can be
detected in the peripheral blood.

Recent studies have confirmed a link between the
inflammatory microenvironment of a tumor, and systemic
responses induced by the tumor. For many types of
cancer, lymphocytopenia indicates a generalized state of
immunodepression (Wenger et al., 1999), and survival
appears to be adversely influenced by depressed immune
function. The number of CD4+ helper lymphocytes
may decrease, and CD8+ suppressor lymphocytes
may increase due to disturbed inflammatory response,
and immunosuppression may result (Menges et al.,
1999). The increase in the numbers of neutrophils and
/ or decreased numbers of lymphocytes may suppress
lymphokine-activated killer cells. These may be the
possible mechanisms for decreased survival in cancer
patients (Teramukai et al., 2009).

The presence of an elevated preoperative NLR has
been validated as a marker of inflammation, and shown
to have prognostic significance for a number of tumors
(Jungetal.,2011;Idowuetal.,2012; Liuetal.,2013; Unal
et al., 2013), including HNSCC (Trellakis et al., 2011;
Millrud et al., 2012; Perisanidis et al., 2013; Rassouli et
al.,2013; Tsai et al.,2013). It is considered as a marker of
systemic inflammation which may predict worse prognosis
by driving cancer cell proliferation through increasing
the availability of growth factors, angiogenic factors and
other pro-neoplastic signaling molecules (Hanahan and
Weinberg, 2011). NLR may represent the two opposing
inflammatory and immune pathways that exist together
in cancer patients (Azab et al., 2012).

In our study, we have hypothesized that NLR reflects
the systemic inflammatory response created by the
laryngeal lesions, and could be a used as an inflammatory
marker to differentiate patients with LSCC from the ones
with benign and precancerous laryngeal lesions. To our
knowledge, no studies up to date have investigated the
significance of NLR in patients with precancerous and
benign laryngeal lesions, and LSCC.

Recently, Hanahan et al. reported the role of
uncontrolled inflammation in driving tumor proliferation,
suggesting a possible reason behind baseline NLR and
its prognostic utility (Hanahan and Weinberg, 2011).
Seretis et al. reported that the mean NLR of the patients
with papillary thyroid carcinoma (PTC) was significantly
higher than the patients with benign goiter. The authors
concluded that NLR could potentially be used as a
biomarker for detecting incidental small PTC in an
apparently benign goiter. They also reported that NLR
might be a promising serum biomarker for diagnosis and
prognostication of PTC (Seretis et al., 2013). In another
study, Tsai et al. reported an increase in NLR in parallel
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with the advancement of clinical stage in the patients
with oral cavity cancer, and in contrast, a reduction in
the lymphocyte count (Tsai et al., 2013). Similarly, pre-
treatment NLR was found as a strong prognostic factor
in nasopharyngeal carcinoma patients (An et al., 2011).

Rassouli et al. reported that NLR was an easily
obtainable pretreatment inflammatory marker, and could
be used as predictor of survival and recurrence in HNSCC
patients (Rassouli et al., 2013). Another study reported
that systemic inflammation as well as the numbers of
monocytes, neutrophils and total leukocytes increased,
and NLR enhanced in HNSCC patients (Millrud et al.,
2012). Trellakis et al. reported significantly higher NLR
in HNSCC patients compared to controls (Trellakis et
al.,2011). However, in all of the aforementioned studies,
HNSCC patients were studied without taking the origin
of the tumor into account, and the significance of NLR
was not studied in LSCC in comparison with benign and
precancerous laryngeal lesions. In our study, we aimed
to examine whether NLR could be a useful inflammatory
marker to differentiate LSCC patients from BLL and
PLL patients. We found that NLR was the lowest in BLL,
higher in PLL and the highest in LSCC. This finding
suggests that NLR may be used as a marker for malignant
transformation of benign laryngeal lesions, and possibly,
recurrence of the laryngeal cancer.

In conclusion, our study is the first one that investigated
NLR in BLL, PLL and LSCC. NLR is an inexpensive,
reproducible and widely available blood test, and it could
be a useful inflammatory marker to differentiate LSCC
patients from BLL and PLL patients. The limitations of our
study are its retrospective and single-center study design,
the lack of evaluation of tumor-associated neutrophils and
lymphocytes, and lack of prospective clinical follow up
of our patients. Because this area of research is a novel
field, prospective, multicenter studies on a larger numbers
of patients are needed to comprehensively identify the
patients with inflammatory response at high risk for poor
outcomes.
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