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Abstract: Background: The objective of this research conducted in head and neck cancer (HNC)
patients was the assessment of the relationship between neutrophil-to-lymphocyte ratio (NLR) and
the incidence of severe radiotherapy (RT) induced oral mucositis (OM), as well as overall survival
(OS). Methods: The study involved 207 patients in advanced stages (III–IV) of HNC. RTOG/EORTC
scale was used to assess OM. The pre-treatment NLR was specified as the absolute neutrophil count
divided by the absolute lymphocyte count. Results: Starting from second to seventh week of RT, we
observed a significant, positive correlation between NLR values and OM grade. From the second
to seventh week of RT, higher NLR values were related with significant increases (from 2- to over
24-fold) in the risk of occurrence of more severe OM (multivariate analysis confirmed its independent
influence). Moreover, multivariate analysis for survival revealed that both higher TNM stage
(HR = 1.84; p = 0.0043) and higher NLR values (HR = 1.48; p = 0.0395) were independent prognostic
factors. Conclusion: NLR is a simple and accurate parameter that is useful in the evaluation of the
risk of more severe OM, as well as an independent prognostic factor of OS in patients subjected to RT
due to HNC.

Keywords: oral mucositis; survival; radiotherapy; head and neck cancer; neutrophil-to-lymphocyte
ratio

1. Introduction

Epithelial tumours in the head and neck area (head and neck cancer, HNC) are one
of the most frequent tumours, with as many as 650,000 new cases every year [1]. De-
spite comprehensive, highly specialized treatment of HNC patients, including surgery,
radiotherapy (RT), chemotherapy (CTH), or the combination of these methods, we still
achieve moderate rates of 5-year survival (from 27% up to 69%, depending on tumour
location and degree of progression) [2,3]. Radical RT, often combined with chemotherapy
(C-RT), leads to complications, including severe acute radiation reaction in the area of
mucosa (oral mucositis, OM). OM occurs in the majority of irradiated patients (80%), which
constitutes a serious problem in everyday clinical practice [4–6]. From the clinical point
of view, severe OM is particularly important, referred to as grades 3 and 4 according to
the RTOG/EORTC scale [4]. Acute toxicities due to irradiation (e.g., OM) usually relent
after a few weeks after RT. Starting from few months after RT, late toxicity may develop, in-
cluding xerostomia, cavities (dental caries), and trismus due to fibrosis. The typical clinical
symptom of OM is inflammation. Its gradual development manifests itself by severe pain,
ulceration, dysphagia, and deterioration of the quality of life (QoL) [5–7]. What is more,
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even in 88% of patients, dysgeusia, nausea, and vomiting can be observed. They may cause
dehydration, limitation in food intake, and finally lead to malnutrition disorders and/or
cachexia [8,9]. In such cases, enteral nutrition delivered via nasogastric or percutaneous
gastrostomy tube may be implemented [10]. In some patients (even in over 8%), various
complications occur, e.g., damage to the spleen, liver, gastrointestinal bleeding, fistula
formation or aspiration pneumonia. Another problem is the increased risk of developing
severe viral, bacterial, and fungal infections [11]. Severe OM predisposes bacteremia and
the development of sepsis [12]. Additionally, the risk is increased by salivation disorders
due to irradiation [13]. Some patients (16%) even require hospitalisation due to the severity
of symptoms, which is associated with the need for intensive and expensive treatment [5–7].
Consequences (affecting up to 62% of patients) of severe OM include eating disorders,
the need to administer antibiotics, or intravenous analgesia, which is further associated
with admission to or a longer stay in the hospital [14]. As a result, the total cost of the
treatment increases. According to Sonis et al., the cost of treating one patient may increase
even by 6000 USD [15]. In about 11% patients, due to the severity of OM, there is a need for
discontinuation of RT and/or CTH [5–7]. The methods used to reduce OM include, above
all, modern RT and intensive monitoring of patients, as well as comprehensive treatment
of the already developed reaction. Longer treatment time is associated with poorer local
HNC control and shorter OS. It is caused by the accelerated proliferation of neoplastic
cells in response to radiation damage [16]. The doubling of the number of cancer cells is
shortened from 60 days to 4 days. Due to an unplanned break in irradiation, the 2 year local
control rate is reduced by 0.68%. In other studies, the authors estimate that an unplanned
one day break in irradiation reduces tumour control rate at least by 1% [17]. It has been
observed that both short (2–8 days) and long (>8 days) unplanned irradiation breaks are
associated with shorter 5-year survival by 7% and 20%, respectively [18]. Due to the high
individual variability of the occurrence of OM, previously known risk factors, such as:
old age, male gender, oral hygiene, total radiation dose, smoking, systemic diseases, RT
technique, and combined chemoradiation are unable to precisely identify patients with a
high risk of occurrence of severe OM [5,19]. From the clinical point of view, it is important
to search for such a factor because the identification of patients at risk of developing severe
OM would give the opportunity to individualise the treatment plan. It is also important
for this factor to be widely available, cheap, and easy to interpret.

OM develops mainly as a result of the activity of proinflammatory cytokines. After
the activation of ionizing radiation, reactive oxygen species (ROS) are formed and the
DNA strand is damaged. ROS and DNA breakage activate the transcription nuclear factor,
kappa-light-chain-enhancer of activated B cells (NF-kB), stimulate the formation of sph-
ingomyelinase and/or ceramide synthase, as well as fibronectin breakup. As a result of
the started processes, there occurs an increase in the production of proinflammatory cy-
tokines: IL-6, IL-1B, and TNF-α; activation of macrophages and matrix metalloproteinases
(MMPs); as well as the process of apoptosis and tissue damage. In the next stages of OM
development, as a result of tissue damage and co-existing infections, the action of proin-
flammatory cytokines, macrophages, and inflammation increases [4]. One of the markers
of inflammatory reaction in the body is neutrophil-to-lymphocyte ratio (NLR) [20]. In pa-
tients with elevated NLR values, high levels of pro-inflammatory cytokines and increased
peri-tumour macrophage infiltration are observed [21,22]. Systemic inflammatory response
involves alterations in circulating white blood cell (WBC) counts, neutrophilia, and relative
lymphopenia. Neutrophils, in turn, influence the release of circulating vascular endothelial
growth factors (VEGF), which stimulate tumour angiogenesis and release IL-1, IL-6, and
TNF-α involved in the development of OM [4,23,24]. It was demonstrated that NLR is
also a clinically simple parameter with a confirmed prognostic value in breast, pancreatic
cancer, and HNC [25–28]. Furthermore, in patients with HNC, an elevated pre-treatment
NLR is a prognostic marker [20]. The hypothesis of our study assumes that NLR as an
exponent of the inflammatory process may be a predictor of more severe OM in HNC
patients undergoing RT. Therefore, the aim of the study was to assess pre-treatment NLR
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in HNC patients subjected to IMRT, and to analyse the relationship between NRL and OM
severity as well as overall survival (OS).

2. Materials and Methods
2.1. Patient and Clinical Data

The study design was approved by the bioethical commission at the Medical Univer-
sity of Lublin (KE-0254/232/2014). Prior to the study, all patients signed the informed
consent form.

This retrospective study involved 207 HNC patients in advanced stages of disease:
III–IV (2014–2017). Table 1 presents detailed patient characteristics and clinical data. The
disease stage has been evaluated using the 7th edition of TNM classification (UICC). Based
on the pathomorphological report we noted grading which reflects the degree of histological
differentiation of the tumour. Alcohol consumption was evaluated using the International
Statistical Classification of Diseases and Related Health Problems (ICD). It was classified as
either occasional (F10.1 and F10.2) or excessive. Only patients without infection symptoms
and a normal CRP value (<5 mg/L) were included in our study. To exclude patients with
infection urinalysis, CRP level assessment and chest X-ray were performed. Patients who
received corticosteroids therapy one month before commencement of RT were not included
in the study.

Table 1. Characteristics of the study group.

Variable Study Group (n = 207)

Gender
Male 191 (92.3%)

Female 16 (7.7%)
Age Median (range) 62 (29–87)

Tumour location
Larynx 90 (43.5%)

Oropharynx or hypopharynx 89 (43%)
Oral cavity 28 (13.5%)

Histopathological diagnosis Squamous cell carcinoma 207 (100%)

Grading
G1 39 (18.8%)
G2 62 (30%)
G3 106 (51.2%)

TNM stage

III 72(34.8%)
IVA 121 (58.4%)
IVB 1 (0.5%)
IVC 13 (6.3%)

Performance status
1 142 (68.6%)
2 65 (31.4%)

Type of treatment

RT

Surgery + RT
Surgry + RT-66 Gy/33 fx in 7 weeks
Surgery + RT-60 Gy/30 fx in 6 weeks

100 (48.3%)
23 (%)
77 (%)

RT alone
70 Gy/35 fx in 7 weeks 28 (13.5%)

Induction CHTH + RT 70 Gy/35 fx in 7 weeks 12 (5.8%)

C-RT

Surgery + C-RT
Surgery + C-RT-66 Gy/33 fx in 7 weeks
Surgery + C-RT-60 Gy/30 fx in 6 weeks

49 (23.7%)
18 (%)
31 (%)

Concurrent C-RT
70 Gy/35 fx in 7 weeks 18 (8.7%)

Alcohol consumption Yes 44 (21.3%)
No 163 (78.7%)

Tobacco smoking (Currently) Yes 174 (84.1%)
No 33 (15.9%)

Abbreviations: C-RT: chemoradiotherapy, CTH: chemotherapy, NLR: neutrophil-to-lymphocyte ratio, RT: radiotherapy.
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2.2. NLR

Blood samples for routine control were collected 1 to 3 days before the commencement
of RT. The study involved patients who were not diagnosed with diseases involving the
immune system (including autoimmune diseases, infectious diseases). The NLR was
specified as the absolute neutrophil count divided by the absolute lymphocyte count.

2.3. RT

Briefly, all patients were immobilized in supine position by means of a personalised
thermoplastic mask. Computer tomography (CT) scan of the analysed area was performed
for a planning purpose, with 3 mm slice thickness. Bolus was not used. Own institutional
treatment protocol was used to define the target volumes. The protocol complies with the
International Commission on Radiation Units and Measurements Reports 50 and 62.

IMRT plan was drafted for every patient using Prowess Panther version 5.20 treatment
planning system (Prowes, Inc., Concord, CA, USA). The plans utilised nine fixed-gantry
angle coplanar beams with step-and-shoot treatment techniques on a linear accelerator
(Siemens Artiste). For all patients, 6 MV photons were used in the treatment. For the sake
of obtaining approval, the treatment plans had to meet the following criteria: (1) 95% of
any PTV equal or higher than the prescribed dose; (2) 99% of any PTV equal or higher than
90% of the PTV dose. Radiation doses applied to organs at risk (OAR) were within the
framework of 0225 protocol from the Radiation Therapy Oncology Group (RTOG).

The clinical target volume (CTV) for patients with a history of surgical tumour resec-
tion included surgical tumour bed with a margin of 1 cm and bilateral lymph nodes. We
also used an additional boost involving high risk area (positive margins, affected lymph
nodes with extracapsular extension). CTV also included a PTV margin of 3 mm. The dose
for CTV (60 Gy) and high risk (66 Gy) were planned.

The patients with gross lesions had their prescribed dose of radiation defined in the
following manner: a total dose of 54 Gy to low-risk targets (CTV 54), 60 Gy to the entire
anatomical site and the affected lymph nodes (CTV 60), and 70 Gy to gross tumour volume
with 1 cm margin (CTV 70). CTV54, CTV60, and CTV70 also included PTV margins of
3 mm. The treatment was administered once a day, over 5 fractions weekly. All patients
completed the course of RT with the prescribed dose of IMRT without interruption.

Neoadjuvant CTH treatment included the following PF scheme: cisplatin (100 mg/m2

on day 1) and 5 FU (1000 mg/m2 per day, continuous infusion on days 1–5) in 21-day
cycles. The concurrent chemoradiation course involved the administration of cisplatin in
the dose of 100 mg/m2 every 21 days.

2.4. The Assessment of OM

RTOG/EORTC scale was used to evaluate the intensity of OM. The evaluation was
performed at baseline, and, subsequently, after every week of RT (every time by the same
person, medical doctor). In subsequent weeks of RT, clinically relevant highest occurring
grades of OM (more severe) were analysed: in week 1: 1, in week 2: 2, in weeks 3 and 4:
3, in weeks 5 and 6: 3 or 4, in week 7: 3. Moreover, during whole treatment, weeks 1 to 7:
grades 3 or 4 of OM.

2.5. Overall Survival

Overall survival (OS) was defined as the time from the date of RT start to the date of
patient death or the date of last follow-up (censored data).

2.6. Statistical Analysis

Statistical analysis and graph generation was performed with use of MedCalc version 15.8
(MedCalc Software, Ostend, Belgium) software. For statistical analysis, patients were di-
vided into 2 groups in terms of NLR (< or ≥cut-off) and OM classification (described above
in the Assessment of OM section), in subsequent RT weeks. A Mann–Whitney U test was
used to compare NLR values according to clinical and demographic factors (non-parametric
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test was used due to non-normal data distribution, Supplementary Table S1). Odds ratio
(OR) was calculated to assess the risk of more severe grade OM in subsequent weeks of
RT (multivariate analysis logistic regression was used). Receiver operating curves (ROC)
with area under the curve (AUC) were generated to predict development of more severe
OM among studied subjects (Table 2). In Table 3 and Supplementary Tables S2–S9, in the
multivariate analysis we included variables from the univariate analysis for the 7th week
of RT (typically (and also in this study) characterised by the highest percentage of severe
OM), we decided to use p < 0.2 as entry criterion (thus we included: grading, TNM, and
concurrent C-RT). In multivariate analysis, we also included the NLR variable (however in
this case, we included results from the univariate analysis of the appropriate weeks). Using
the Kaplan–Meier method, the probability of (OS) depending on clinical and demographic
factors as well as NLR values were evaluated. Hazard ratios with 95% confidence intervals
were calculated with use of log-rank test. Multivariate survival analysis was performed
with the use of the Cox logistic regression (Table 4). In all analyses, p values below 0.05
were considered as statistically significant.

3. Results
3.1. Patient Characteristics

The study group consisted of 92.3% men. The median age was 62 years. Squamous
cell carcinoma was diagnosed in all patients. At the time of enrolment, all patients were
in advanced stage of disease (III–IV). All enrolled patients were treated with RT and
received a complete treatment dose (48.3% patients were treated with surgery followed
by RT; 5.8% underwent neoadjuvant chemotherapy followed by RT; 32.4% patients were
treated with C-RT (13.5% received RT alone and 8.7% were subjected to concurrent C-
RT)). Excessive alcohol consumption was declared by 21.3% patients. Current tobacco
smokers constituted a significant majority of patients (84.1%). Table 1 presents detailed
patient characteristics.

3.2. Comparison of NLR Values According to Demographic and Clinical Factors as Well as OM
Grade after Subsequent Weeks of RT

Starting from the second week, we observed significantly higher median NLR val-
ues in patients with more severe OM grade in all subsequent weeks of RT. Table 2 and
Figure 1 shows detailed data of the comparison of NLR values according to OM grade after
subsequent weeks of RT. There were no statistically significant differences in NLR values
according to demographic and clinical factors (Supplementary Table S1).

3.3. Evaluation of Diagnostic Usefulness of NLR Values in Predicting the Occurrence of More
Severe OM after Subsequent Weeks of RT (ROC Analysis)

The analysis of ROC curves was used to assess the diagnostic utility of NLR in
predicting the occurrence of severe OM (≥3 grade) in subsequent weeks of RT. We have
demonstrated that NLR assessment may be helpful in predicting more severe OM following
each week of RT. Statistical significance was achieved in the high diagnostic accuracy of
predicting more severe OM observed, following each week of RT. Moreover, NLR was also
useful in the prediction of occurrence of more severe OM (at least one episode) during all
seven RT weeks. Figure 2A,B shows ROC curves for more severe OM grade for fifth and
sixth week of RT. Supplementary Figure S1a–f show ROC curves for more severe OM grade
for first, second, third, fourth, seventh, and 1–7 weeks of RT. Table 2 presents diagnostic
usefulness of NLR values in predicting the occurrence of more severe OM after subsequent
weeks of RT.
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Table 2. Comparisons of NLR values according to OM grade, evaluation of diagnostic usefulness of NLR values in predicting
the occurrence of more severe OM after subsequent weeks of RT.

RT Week OM Grade Comparisons ROC Curve Analysis

NLR Median
(Interquartile Range) p Cut-Off

Value Sensitivity Specificity AUC [95% CI]
p

1
0 1.24 (1.03–1.61)

0.1029 >1.61 56.7% 100% 0.74 [0.67–0.80]
0.0012 *1 1.79 (0.01–34.30)

2
1 1.69 (0.01–15.90)

0.0225 * >2.49 37.7% 79.2% 0.59 [0.52–0.66]
0.0204 *2 1.94(0.66–34.30)

3
1 or 2 1.75 (1.21–2.49)

0.0005 * >2.59 87.5% 78.4% 0.67 [0.60–0.73]
<0.0001 *3 4.76 (2.70–7.69)

4
1 or 2 1.72 (0.01–34.30)

0.0159 * >2.49 72.7% 75.5% 0.72 [0.65–0.78]
0.0041 *3 2.60 (1.30–8.00)

5
1 or 2 1.70 (0.01–34.30)

<0.0001 * >2.63 55.9% 85% 0.73 [0.66–0.79]
<0.0001 *3 or 4 2.80 (1.02–9.60)

6
1 or 2 1.60 (0.01–34.30)

<0.0001 * >2.52 59.3% 87.6% 0.78 [0.72–0.83]
<0.0001 *3 or 4 2.74 (1.11–12.40)

7
1 or 2 1.60 (0.01–15.90)

<0.0001 * >2.1 60.3% 72.4% 0.68 [0.61–0.74]
<0.0001 *3 2.35 (0.80–34.30)

1–7 0, 1 or 2
3 or 4

1.60 (1.17–2.10)
2.35 (1.39–3.31) <0.0001 * >2.06 59.8% 75%

Abbreviations: AUC: area under curve, CI: confidence interval, NLR: neutrophil to lymphocyte ratio, OM: oral mucositis, ROC: receiver
operating characteristic. * statistically significant result.
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3.4. Assessment of the Risk of More Severe OM after Subsequent Weeks of RT According to
Demographic and Clinical Factors as Well as NLR Value

NLR values exceeding 2.49 were associated with approximately a 2.5-fold increase in
the risk of occurrence of more severe OM after the second week of RT (OR = 2.30; 95% CI:
2.33–4.31). This result was confirmed in multivariate analysis (OR = 2.33; 95% CI: 1.23–4.41).
NLR values exceeding 2.59 were associated with approximately a 25-fold increase in the
risk of occurrence of more severe OM after the third week of RT (OR = 24.66, 95% CI:
2.95–205.83). NLR values exceeding 2.49 were associated with an 8-fold increase in the risk
of occurrence of more severe OM after the fourth week of RT (OR = 8.22; 95% CI: 2.10–32.24).
This result was confirmed with multivariate analysis (OR = 8.45; 95% CI: 2.10–34.02). NLR
values exceeding 2.63 were associated with approximately a 12.5-fold increase in the risk of
occurrence of more severe OM after the fifth week of RT (OR = 12.41; 95% CI: 5.25–29.35).
This result was confirmed with multivariate analysis (OR = 7.09; 95% CI: 3.17–15.76). NLR
values exceeding 2.52 were associated with a 10-fold increase in the risk of occurrence of
more severe OM after the sixth week of RT (OR = 10.26; 95% CI: 4.96–21.18). This result
was confirmed with multivariate analysis (OR = 11.66; 95% CI: 5.45–24.96). NLR values
exceeding 2.1 were associated with a 4-fold increase in the risk of occurrence of more severe
OM after the seventh week of RT (OR = 3.98; 95% CI: 2.18–7.27). This result was confirmed
with multivariate analysis (OR = 4.46; 95% CI: 2.38–8.33). NLR values exceeding 2.06 were
associated with a 4-fold increase in the risk of occurrence of more severe OM during seven
weeks of RT (OR = 4.26; 95% CI: 2.36–7.71). This result was also confirmed in multivariate
analysis (OR = 4.55; 95% CI: 2.48–8.35). Table 3 shows detailed data of the assessment of
the risk of more severe OM after subsequent weeks of RT according to NRL values [29].
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Table 3. The assessment risk of more severe OM after subsequent weeks of RT.

RT Week OM Grade Odds Ratio

NLR * Univariate Multivariate a

<Cut-Off (%) r ≥Cut-Off (%)
p

OR [95% CI]
p

OR [95% CI]
p

1
0 4 (4.3%) - 11.74 [0.62–221.05]

0.0999
96.4 [–]
0.99431 88 (95.7%) 115 (100%)

2
1 103 (68.2%) 27 (48.2%) 2.30 [2.33–4.31]

0.0090 *
2.33 [1.23–4.41]

0.0093 *2 48 (31.8%) 29 (51.8%)

3
1 or 2 155 (99.4%) 44 (86.3%) 24.66 [2.95–205.83]

0.0031 *
3.09 [1.67–5.70]

0.00033 1 (0.6%) 7 (13.7%)

4
1 or 2 148 (98%) 48 (85.7%) 8.22 [2.10–32.24]

0.0025 *
8.45 [2.10–34.02]

0.0027 *3 3 (2%) 8 (14.3%)

5
1 or 2 147 (90.7%) 15 (44.1%) 12.41 [5.25–29.35]

<0.0001 *
7.09 [3.17–15.76]

<0.0001 *3 or 4 15 (9.3%) 19 (55.9%)

6
1 or 2 134 (85.9%) 19 (37.2%) 10.26 [4.96–21.18]

<0.0001 *
11.66 [5.45–24.96]

<0.0001 *3 or 4 22 (14.1%) 32 (62.7%)

7
1 or 2 97 (77%) 37 (45.7%) 3.98 [2.18–7.27]

<0.0001 *
4.46 [2.38–8.33]

<0.0001 *3 29 (23%) 44 (54.3%)

1–7
0, 1 or 2 r 89 (74.2%) 35 (40.2%) 4.26 [2.36–7.71]

<0.0001 *
4.55 [2.48–8.35]

<0.0001 *3 or 4 31 (25.8%) 52 (59.8%)

* cut-off value based on results presented in Table 2. a adjusted for statistically significant results of univariate analysis (see Supplementary
Tables S2–S9). r reference variable for OR. Abbreviations: NLR: neutrophil to lymphocyte ratio, OM: oral mucositis, OR: odds ratio.
[–] result cannot be calculated.

In the first 4 weeks of RT none of the assessed demographic and clinical factors
influenced the risk of occurrence of more severe OM (Supplementary Tables S2–S5). In
the fifth week of RT, only tobacco smoking was related with significantly higher risk
of more severe OM (OR = 37.24; 95% CI: 12.19–113.79). Similarly, in the sixth week of
RT also only tobacco smoking was related with significantly higher risk of more severe
OM (OR = 4.15; 95% CI: 1.21–14.20) (Supplementary Tables S6 and S7). Moreover, in the
seventh week of RT, only two factors influenced a higher risk of more severe OM: both less
differentiated tumours (G1 or G2) and less advanced stage of disease were related with
lower risk (OR = 0.43; 95% CI: 0.24–0.78 and OR = 0.48; 95% CI: 0.26–0.91, respectively).
However, in multivariate analysis, independent influence was confirmed only for TNM
stage (OR = 0.63; 95% CI: 0.41–0.96). During weeks 1–7, a higher risk of more severe
OM was noted in patients with less differentiated tumours (G1 or G2: OR = 0.03; 95% CI:
0.012–0.08) (Supplementary Tables S8 and S9).

3.5. Survival Analysis

Median OS in the study group was 27 months. In total, 55.1% of patients died
during follow-up. Among analysed demographic and clinical factors, a significantly higher
risk of death was found in patients with more advanced disease stage (IVA–IVC vs. III,
medians: 24 vs. 38 months; HR = 1.78; p = 0.0041) and higher NLR values (medians: 23
vs. 36 months; HR = 1.45; p = 0.0433; Figure 3). Multivariate analysis (results adjusted
for statistically significant variables from univariate analysis) revealed that both higher
TNM stage (HR = 1.84; p = 0.0043) and higher NLR values (HR = 1.48; p = 0.0395) were
independent prognostic factors (Table 4) [30].
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Table 4. Overall survival analysis of HNC patients undergoing RT depending on demographic and clinical factors.

Variable
Univariate Multivariate b

Median (Months) HR (95% CI) p HR (95% CI) p

Sex
Men r

Women

27
49 1.65 (0.85–3.20) 0.2227 1.70 (0.75–3.87) 0.2084

Age [years] b

≥63 r

<63

24
31 1.23 (0.85–1.78) 0.2558 1.41 (0.97–2.05) 0.0749

Tumour location
Larynx r

Oral cavity, oropharynx, hypopharynx

24
31 1.13 (0.78–1.64) 0.4957 1.30 (0.89–1.89) 0.1766

TNM stage
IVA–IVC r

III

24
38 1.78 (1.22–2.59) 0.0041 * 1.84 (1.21–2.78) 0.0043 *

Performance status
1 r

2

32
24 0.76 (0.52–1.12) 0.1888 0.74 (0.49–1.12) 0.1604

Alcohol consumption
Yes r

No

21
28 1.33 (0.82–2.13) 0.1963 1.29 (0.82–2.00) 0.2701

Tobacco smoking
Yes r

No

27
31 1.51 (0.93–2.44) 0.1443 1.44 (0.82–2.53) 0.2074

NLR c

High (≥1.76) r

Low (<1.76)

23
36 1.45 (1.01–2.10) 0.0433 * 1.48 (1.02–2.15) 0.0395 *

b adjusted for statistically significant results of univariate analysis. c dichotomised according to median value. r reference variable for HR.
Abbreviations: CI: confidence interval, HR: hazard ratio, NLR: neutrophil-to-lymphocyte ratio. * statistically significant result.
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4. Discussion

Our study demonstrated that there is a close relationship between higher NLR values
and the risk of developing severe OM in patients irradiated due to HNC. The NLR values
above the specific cut-off (individual for different weeks of assessment) increased the risk
of occurrence of more severe OM from 2 to approximately 25-fold, after a particular week
(2 to 7) of RT.

To our knowledge, this is the first study on such a large and homogeneous (all patients
received a full radiation dose and were treated with IMRT technique) group that evaluates
the relationship between NLR and OM. Our research also confirmed that high NLR is an
independent prognostic factor of survival.

Taken together, our results indicate that NLR is a simple and accurate parameter
useful in the evaluation of the risk of the more severe OM in patients subjected to RT due
to HNC. Moreover, it can be used as a prognostic factor in this group of patients.

Our study has been primarily focused on NLR as a predicting factor for OM on
irradiated HNC patients. The hypothesis of our study assumed that NLR as an exponent
of the inflammatory process may also be a predictor of OM, which develops on the basis
of processes associated with factors typical of inflammation: IL-6, IL-1B, TNF-α, NF-kB,
MMPs [4]. Identifying predictors for the development of a more severe OM may aid the
implementation of appropriate and timely preventive behaviours and treatment in these
patients [31,32]. The possibility of pre-treatment identification of patients with a high risk
of more severe OM would enable the introduction of appropriate changes in the applied
therapy. For RT, the fractionation of the total dose could be changed. In patients with an
increased risk of severe OM, conventional fractionation should be considered instead of
the accelerated fractionation. Alteration of the treatment in terms of reducing the radiation
volume, lowering the total dose, or modification of the C-RT scheme could increase the
chance of recovery. In patients with a higher risk of more severe OM, preventive actions
such as adequate nutrition, supportive treatment (properly selected antibiotic therapy, anti-
inflammatory, and analgesic therapy), and more frequent monitoring should be considered
(especially at the early stages of treatment). In addition, there is a possibility of including
patients in clinical trials testing drugs aimed at reducing the radiation reactions e.g., heparin,
pentoxifylline, or dermatan sulphate [33–35].

It needs to be highlighted that the relationship between NLR and OM in HNC patients
has not been evaluated so far. Only in patients with lung cancer has it been shown that
there is a relationship between the value of NLR and the intensity of radiation pneumonitis.
Lee et al. have shown that the pre-treatment level of NLR was higher in patients with
radiological pneumonitis than in those without symptoms [31]. They also found that the
value of NLR at the time of confirmation of radiological pneumonitis was predictive for
further development of inflammation into its symptomatic form [31].

In our study, we have shown that severe OM occurred in patients with higher pre-
treatment NLR values. A high NLR value indicates the possibly dominant role of neu-
trophilia in the development of OM.

The physiological function of neutrophils is very complex. They work in many
mechanisms and have an impact on numerous metabolic processes [22,32,36–38]. In turn,
the development of OM in HNC patients is based on over 14 previously described canonical
pathways [39]. The same factors (TNF-α, MMPs, Il-1, and Il 6) take part in both processes,
inflammation with the participation of neutrophils and OM.

Neutrophils enhance the synthesis of TNF-α, MMPs, Il-1, and Il 6. These factors,
TNF-α, MMPs, Il-1, and Il 6, in turn, participate in several stages of the development of
OM. In the second phase of primary damage response, as a result of their activation by
ROS and NFkB, tissue damage and exacerbation of apoptosis occurs [4,22,32,36–38]. In the
third phase of signal amplification, TNF-α additionally activates ceramide and caspase
pathways, which together with the action of cytokines amplify the damage. Furthermore,
in the fourth phase of ulceration, where there is a bacterial infection and loss of membrane
continuity, TNF-α and interleukin one and six cause direct epithelial tissue damage [4].
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High NLR values may indicate that neutrophilia can lead to over-stimulation of TNF-
α, MMPs, Il-1, and Il 6 in the developing inflammatory reaction. The consequence may
be an exacerbation of apoptosis and tissue damage. This would explain the results we
obtained.

NLR is also a known marker of inflammation, and has a significant association with
chronic conditions, such as cardiovascular, chronic obstructive pulmonary disease (COPD),
kidney diseases, and different types of cancers [40–42]. In the study of over 1000 patients,
it was also confirmed that it is a useful parameter to aid in the diagnosis of acute appendici-
tis [43]. In turn, patients with aphthous stomatitis have elevated NLR values (2.25 ± 1.07)
in comparison to healthy people (1.85 ± 0.64), p = 0.004 [44].

In our study, NLR was measured before RT and reflected the level of inflammation
before treatment. It cannot be ruled out that high NLR also indicates existing asymptomatic
inflammatory processes or chronic diseases. Their presence before the start of RT could
intensify the reaction in the oral cavity caused by ionising radiation. Another factor that
may also exacerbate the inflammation before RT begins is smoking. It has been proven
that tobacco smoking tends to activate epithelial cell intracellular signalling cascades that
lead to inflammatory gene (IL-8 and TNFα) activation [45]. Our results indicate that in
patients with high NLR values before RT, accurate diagnosis and assessment of possible
inflammatory states and foci may be justified.

In the second part of the analysis, we assessed the value of NLR as a prognostic factor
for the survival time of HNC patients. Patients with high pre-treatment NLR values were
characterised by shorter OS.

On the basis of the NLR value, the prognosis can be assessed in patients with many
cancers, including gastrointestinal tract malignancies, oesophageal, breast, and bladder
cancer [16,46–48]. Templeton et al. conducted a meta-analysis including one hundred
studies comprising 40,559 patients with many solid tumours. NLR greater than the median
(cut-off > 4) was associated with a hazard ratio for OS of 1.81 (95% CI = 1.67 to 1.97;
p < 0.001). High NRL as an unfavourable prognostic factor was observed in all disease
subgroups, sites, and stages [49].

In patients with HNC, the value of NLR as a prognostic factor was confirmed by
a meta-analysis of 15 studies with 5562 patients. It showed that elevated pre-treatment
NLR significantly predicted poorer OS (HR 1.51; 95% CI 1032–1.73), and disease-specific
survival (DSS) (HR 1.50; 95% CI 1.23–1.83) of HNC patients [20]. Cut-off values for NLR
in the analysed studies ranged from 1.92–5.56 [20]. After the authors of the meta-analysis
removed the cut-off values at the extreme 12.5% and 25%, the ranges of NLR were 2.17 to 3
and 2.38 to 2.79, respectively [20].

The reasons for this dependency are still unclear. This is probably due to the complex-
ity of the development of the cancer process and the multitude of pathways involved in the
inflammatory process, which is considered one of the potential mechanisms underlying the
prognostic role of NLR. There is a change in the tumour microenvironment, and systemic
inflammatory changes begin [50,51].

Neutrophilia inhibits the immune system by suppressing the cytolytic activity of
immune cells, such as lymphocytes, activated T cells, and natural killer cells [32,52]. Neu-
trophils also affect the secretion of vascular endothelial growth factor, hepatocyte growth
factor, IL-6, IL-8, elastases, and MMPs [11,21–24]. This neutrophil activity directly con-
tributes to the severity of tumour-related angiogenesis, tumour growth, and metastasis [37].

It is known that immune cells can support anti-cancer treatment. It has been observed
that not only CTH, but RT too can lead to haematological toxicity. What is interesting is
that the lymphocytes are fragile for RT, and they decline early throughout irradiation. The
lymphocyte depletion in the body contributes to increased tumour proliferation, facilitating
metastasis and the progression of the disease. This is due to the fact that lymphocytes are
responsible for the secretion of cytokines, which limit the proliferation and metastasis of
tumour cells and a worse response to anti-cancer treatment. Lymphopenia is a negative
prognostic factor in many cancers, including pancreatic cancer, non-small cell lung cancer
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(NSCLC), glioblastoma, and head and neck cancer [53,54]. Currently, there are a lack of
effective methods to prevent the development of OM or to treat it. In clinical practice,
antibiotics, antifungal drugs, analgesics, anti-inflammatory drugs, hydration, and nutrition
support are used. Basic oral hygiene is recommended. Currently, many studies (at various
stages) on drugs that inhibit the development of OM are ongoing. Tested substances
include cytoprotective agents, anti-inflammation agents, cytokine production inhibitors,
growth factors, antioxidant agents [55–58].

To date, there are no studies assessing the role of inhibitors of neutrophil cytokines
in the development of OM in patients irradiated due to HNC. Our study demonstrates
the potentially important role of NLR assessment in OM severity prediction, and indicates
an urgent need for studies (also effectiveness and safety of this type of therapy) on the
possibility of using inhibitors of neutrophil cytokine in the prevention and treatment of
OM in patients irradiated due to HNC.

HNCs vary in the location of the tumour, and our study group reflects this diversity
while at the same time being homogeneous in terms of the type of treatment (all patients
received IMRT). In their study, Vera-Llonch et al. observed a higher risk of severe OM in
patients with HNC of nasopharyngeal or oropharyngeal (OR 10.1 (95% CI: 2.1–49.9) and
OR 6.9 (95% CI: 2.4–19.7), respectively) [59]. In contrast, this observation was not confirmed
in our population of patients.

Although the study was conducted on a large group of 207 patients with HNC, there
are several limitations to our study. NLR as a parameter reflecting the inflammatory
processes in the body is affected by any inflammatory condition. First of all, the influence
of surgery on the predictive value of NLR in the study subjects is unknown. It is also
known that the value of NLR is influenced by diseases, such as coronary disease, metabolic
syndrome, and anti-inflammatory drugs [60,61]. Moreover, we have not collected nor
analysed information about the occurrence of chronic kidney disease (CKD) or chronic
pulmonary obstructive disease (COPD) in our patients.

The advantages of our study were undoubtedly a large and homogeneous group
of patients, and the consistency shown in the OS results with the majority of literature
data [20]. When assessing the NLR value, we excluded the data of patients who underwent
CTH in addition to RT from the analysis, in which leukocyte growth factors were used
leading to changes in the values of neutrophils and lymphocytes. This is the first study
evaluating the relationship between NLR and OM.

Aggressive oncological treatment is increasingly leading to serious complications.
Symptoms of severe OM decrease the QoL of patients and lead to the discontinuation of RT.
It has been shown that each day without RT decreases the tumour control rate by 1% [62].
That is why it is so important to minimise side effects by, among other things, searching for
OM risk predictors.

NLR is a valuable and promising predictor of OM. Most of all, this parameter is
well known and based on a cheap, widely available test, which is blood count. Confir-
mation of its value in the OM risk assessment would enable the introduction of greater
individualisation of treatment of HNC patients.

5. Conclusions

In conclusion, our study demonstrated that the pre-treatment NLR may be an in-
dependent, significant predictor of OM, as well as a prognostic factor in HNC patients
undergoing RT. Large prospective and validation studies are warranted to confirm the
optimal NLR cut-off value and its predictive significance in this group of patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/jcm10194444/s1, Table S1: The comparison of NLR values according to demographic and
clinical factors.; Table S2: Influence of demographic and clinical factors on the risk of more severe OM
after 1st week of RT; Table S3: Influence of demographic and clinical factors on the risk of more severe
OM after 2nd week of RT; Table S4: Influence of demographic and clinical factors on the risk of more
severe OM after 3rd week of RT; Table S5: Influence of demographic and clinical factors on the risk of
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more severe OM after 4th week of RT; Table S6: Influence of demographic and clinical factors on the
risk of more severe OM after 5th week of RT; Table S7: Influence of demographic and clinical factors
on the risk of more severe OM after 6th week of RT; Table S8: Influence of demographic and clinical
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Author Contributions: Conceptualization, I.H.-M. and A.B.; Data curation, I.H.-M., A.B., R.M. and
A.S.-S.; Formal analysis, R.M.; Investigation, I.H.-M., A.B. and R.M.; Methodology, I.H.-M. and
R.M.; Project administration, A.B. and T.M.-M.; Resources, A.B. and T.M.-M.; Supervision, T.M.-M.;
Validation, A.S.-S.; Writing–original draft, I.H.-M., A.B. and R.M.; Writing–review & editing, I.H.-M.
and T.M.-M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was obtained from all individual participants
included in the study.

Data Availability Statement: Data available on request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer Statistics, 2017. CA Cancer J. Clin. 2017, 67, 7–30. [CrossRef]
2. Head and Neck Cancers Survival Statistics. Available online: http://www.cancerresearchuk.org/health-professional/cancer-

statistics/statistics-by-cancer-type/head-and-neck-cancers/survival#heading-Zero (accessed on 10 August 2021).
3. Brockstein, B.; Haraf, D.J.; Rademaker, A.W.; Kies, M.S.; Stenson, K.M.; Rosen, F.; Mittal, B.B.; Pelzer, H.; Fung, B.B.; Witt,

M.-E.; et al. Patterns of failure, prognostic factors and survival in locoregionally advanced head and neck cancer treated with
concomitant chemoradiotherapy: A 9-year, 337-patient, multi-institutional experience. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol.
2004, 15, 1179–1186. [CrossRef]

4. Sonis, S.T. Oral mucositis in head and neck cancer: Risk, biology, and management. Am. Soc. Clin. Oncol. Educ. Book Am. Soc.
Clin. Oncol. Annu. Meet. 2013. [CrossRef]

5. Lalla, R.V.; Saunders, D.P.; Peterson, D.E. Chemotherapy or radiation-induced oral mucositis. Dent. Clin. N. Am. 2014, 58, 341–349.
[CrossRef]

6. Trotti, A.; Bellm, L.A.; Epstein, J.B.; Frame, D.; Fuchs, H.J.; Gwede, C.K.; Komaroff, E.; Nalysnyk, L.; Zilberberg, M.D. Mucositis
incidence, severity and associated outcomes in patients with head and neck cancer receiving radiotherapy with or without
chemotherapy: A systematic literature review. Radiother. Oncol. J. Eur. Soc. Radiol. Oncol. 2003, 66, 253–262. [CrossRef]

7. Adelstein, D.J.; Li, Y.; Adams, G.L.; Wagner, H.J.; Kish, J.A.; Ensley, J.F.; Schuller, D.E.; Forastiere, A.A. An intergroup phase III
comparison of standard radiation therapy and two schedules of concurrent chemoradiotherapy in patients with unresectable
squamous cell head and neck cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2003, 21, 92–98. [CrossRef]

8. Langius, J.A.E.; van Dijk, A.M.; Doornaert, P.; Kruizenga, H.M.; Langendijk, J.A.; Leemans, C.R.; Weijs, P.J.M.; Verdonck-de
Leeuw, I.M. More than 10% weight loss in head and neck cancer patients during radiotherapy is independently associated with
deterioration in quality of life. Nutr. Cancer 2013, 65, 76–83. [CrossRef]

9. Plevová, P. Prevention and treatment of chemotherapy- and radiotherapy-induced oral mucositis: A review. Oral Oncol. 1999, 35,
453–470. [CrossRef]

10. Bishop, S.; Reed, W.M. The provision of enteral nutritional support during definitive chemoradiotherapy in head and neck cancer
patients. J. Med. Radiat. Sci. 2015, 62, 267–276. [CrossRef]

11. Deng, Z.; Kiyuna, A.; Hasegawa, M.; Nakasone, I.; Hosokawa, A.; Suzuki, M. Oral candidiasis in patients receiving radiation
therapy for head and neck cancer. Otolaryngol. Neck Surg. Off. J. Am. Acad. Otolaryngol. Neck Surg. 2010, 143, 242–247. [CrossRef]

12. Ruescher, T.J.; Sodeifi, A.; Scrivani, S.J.; Kaban, L.B.; Sonis, S.T. The impact of mucositis on alpha-hemolytic streptococcal infection
in patients undergoing autologous bone marrow transplantation for hematologic malignancies. Cancer 1998, 82, 2275–2281.
[CrossRef]

13. Oronsky, B.; Goyal, S.; Kim, M.M.; Cabrales, P.; Lybeck, M.; Caroen, S.; Oronsky, N.; Burbano, E.; Carter, C.; Oronsky, A. A Review
of Clinical Radioprotection and Chemoprotection for Oral Mucositis. Transl. Oncol. 2018, 11, 771–778. [CrossRef] [PubMed]

14. Sonis, S.T.; Elting, L.S.; Keefe, D.; Peterson, D.E.; Schubert, M.; Hauer-Jensen, M.; Bekele, B.N.; Raber-Durlacher, J.; Donnelly,
J.P.; Rubenstein, E.B. Perspectives on cancer therapy-induced mucosal injury: Pathogenesis, measurement, epidemiology, and
consequences for patients. Cancer 2004, 100, 1995–2025. [CrossRef] [PubMed]

15. Sonis, S.T. Mucositis: The impact, biology and therapeutic opportunities of oral mucositis. Oral Oncol. 2009, 45, 1015–1020.
[CrossRef] [PubMed]

16. Fowler, J.F. Potential for increasing the differential response between tumors and normal tissues: Can proliferation rate be used?
Int. J. Radiat. Oncol. Biol. Phys. 1986, 12, 641–645. [CrossRef]

http://doi.org/10.3322/caac.21387
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers/survival#heading-Zero
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/head-and-neck-cancers/survival#heading-Zero
http://doi.org/10.1093/annonc/mdh308
http://doi.org/10.14694/EdBook_AM.2013.33.e236
http://doi.org/10.1016/j.cden.2013.12.005
http://doi.org/10.1016/S0167-8140(02)00404-8
http://doi.org/10.1200/JCO.2003.01.008
http://doi.org/10.1080/01635581.2013.741749
http://doi.org/10.1016/S1368-8375(99)00033-0
http://doi.org/10.1002/jmrs.132
http://doi.org/10.1016/j.otohns.2010.02.003
http://doi.org/10.1002/(SICI)1097-0142(19980601)82:11&lt;2275::AID-CNCR25&gt;3.0.CO;2-Q
http://doi.org/10.1016/j.tranon.2018.03.014
http://www.ncbi.nlm.nih.gov/pubmed/29698934
http://doi.org/10.1002/cncr.20162
http://www.ncbi.nlm.nih.gov/pubmed/15108222
http://doi.org/10.1016/j.oraloncology.2009.08.006
http://www.ncbi.nlm.nih.gov/pubmed/19828360
http://doi.org/10.1016/0360-3016(86)90074-X


J. Clin. Med. 2021, 10, 4444 14 of 15

17. Withers, H.R.; Taylor, J.M.; Maciejewski, B. The hazard of accelerated tumor clonogen repopulation during radiotherapy. Acta
Oncol. 1988, 27, 131–146. [CrossRef]

18. Xiang, M.; Gensheimer, M.; Pollom, E.; Holsinger, C.; Colevas, A.; Le, Q.-T.; Beadle, B. Treatment Breaks During Definitive
Head/Neck Radiotherapy: Survival Impact and Predisposing Factors. Int. J. Radiat. Oncol. 2020, 108, E39. [CrossRef]

19. Gautam, A.P.; Fernandes, D.J.; Vidyasagar, M.S.; Maiya, A.G.; Vadhiraja, B.M. Low level laser therapy for concurrent chemoradio-
therapy induced oral mucositis in head and neck cancer patients-a triple blinded randomized controlled trial. Radiother. Oncol. J.
Eur. Soc. Ther. Radiol. Oncol. 2012, 104, 349–354. [CrossRef] [PubMed]

20. Tham, T.; Bardash, Y.; Herman, S.W.; Costantino, P.D. Neutrophil-to-lymphocyte ratio as a prognostic indicator in head and neck
cancer: A systematic review and meta-analysis. Head Neck 2018, 40, 2546–2557. [CrossRef]

21. Motomura, T.; Shirabe, K.; Mano, Y.; Muto, J.; Toshima, T.; Umemoto, Y.; Fukuhara, T.; Uchiyama, H.; Ikegami, T.; Yoshizumi,
T.; et al. Neutrophil-lymphocyte ratio reflects hepatocellular carcinoma recurrence after liver transplantation via inflammatory
microenvironment. J. Hepatol. 2013, 58, 58–64. [CrossRef]

22. Kantola, T.; Klintrup, K.; Väyrynen, J.P.; Vornanen, J.; Bloigu, R.; Karhu, T.; Herzig, K.-H.; Näpänkangas, J.; Mäkelä, J.; Karttunen,
T.J.; et al. Stage-dependent alterations of the serum cytokine pattern in colorectal carcinoma. Br. J. Cancer 2012, 107, 1729–1736.
[CrossRef] [PubMed]

23. Kang, M.; Jeong, C.W.; Kwak, C.; Kim, H.H.; Ku, J.H. The Prognostic Significance of the Early Postoperative Neutrophil-to-
Lymphocyte Ratio in Patients with Urothelial Carcinoma of the Bladder Undergoing Radical Cystectomy. Ann. Surg. Oncol. 2016,
23, 335–342. [CrossRef] [PubMed]

24. Han, S.; Liu, Y.; Li, Q.; Li, Z.; Hou, H.; Wu, A. Pre-treatment neutrophil-to-lymphocyte ratio is associated with neutrophil and
T-cell infiltration and predicts clinical outcome in patients with glioblastoma. BMC Cancer 2015, 15, 617. [CrossRef] [PubMed]

25. Keizman, D.; Ish-Shalom, M.; Huang, P.; Eisenberger, M.A.; Pili, R.; Hammers, H.; Carducci, M.A. The association of pre-treatment
neutrophil to lymphocyte ratio with response rate, progression free survival and overall survival of patients treated with sunitinib
for metastatic renal cell carcinoma. Eur. J. Cancer 2012, 48, 202–208. [CrossRef]

26. Cho, I.R.; Park, J.C.; Park, C.H.; Jo, J.H.; Lee, H.J.; Kim, S.; Shim, C.N.; Lee, H.; Shin, S.K.; Lee, S.K.; et al. Pre-treatment neutrophil
to lymphocyte ratio as a prognostic marker to predict chemotherapeutic response and survival outcomes in metastatic advanced
gastric cancer. Gastric Cancer Off. J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc. 2014, 17, 703–710. [CrossRef] [PubMed]

27. Yodying, H.; Matsuda, A.; Miyashita, M.; Matsumoto, S.; Sakurazawa, N.; Yamada, M.; Uchida, E. Prognostic Significance of
Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio in Oncologic Outcomes of Esophageal Cancer: A Systematic
Review and Meta-analysis. Ann. Surg. Oncol. 2016, 23, 646–654. [CrossRef]

28. Keizman, D.; Gottfried, M.; Ish-Shalom, M.; Maimon, N.; Peer, A.; Neumann, A.; Rosenbaum, E.; Kovel, S.; Pili, R.; Sinibaldi,
V.; et al. Pretreatment neutrophil-to-lymphocyte ratio in metastatic castration-resistant prostate cancer patients treated with
ketoconazole: Association with outcome and predictive nomogram. Oncologist 2012, 17, 1508–1514. [CrossRef]

29. Rosner, B. Fundamentals of Biostatistics; Thomson-Brooks/Cole: Belmont, CA, USA, 2006; ISBN 0534418201 9780534418205.
30. Klein, J.P.; Moeschberger, M.L. Survival Analysis. Techniques for Censored and Truncated, 2nd ed.; Springer: New York, NY, USA,

2003; ISBN 978-0-387-95399-1.
31. Lee, Y.H.; Choi, H.-S.; Jeong, H.; Kang, K.M.; Song, J.H.; Lee, W.S.; Lee, G.-W.; Song, H.-N.; Kim, H.-G.; Kang, M.H.; et al.

Neutrophil-lymphocyte ratio and a dosimetric factor for predicting symptomatic radiation pneumonitis in non-small-cell lung
cancer patients treated with concurrent chemoradiotherapy. Clin. Respir. J. 2018, 12, 1264–1273. [CrossRef]

32. Masucci, M.T.; Minopoli, M.; Carriero, M.V. Tumor Associated Neutrophils. Their Role in Tumorigenesis, Metastasis, Prognosis
and Therapy. Front. Oncol. 2019, 9, 1146. [CrossRef]

33. Kowaliuk, M.; Bozsaky, E.; Gruber, S.; Kuess, P.; Dörr, W. Systemic administration of heparin ameliorates radiation-induced oral
mucositis-preclinical studies in mice. Strahlenther. Onkol. 2018, 194, 686–692. [CrossRef]

34. Gruber, S.; Schmidt, M.; Bozsaky, E.; Wolfram, K.; Haagen, J.; Habelt, B.; Puttrich, M.; Dörr, W. Modulation of radiation-induced
oral mucositis by pentoxifylline: Preclinical studies. Strahlenther. Onkol. 2015, 191, 242–247. [CrossRef]

35. Gruber, S.; Frings, K.; Kuess, P.; Dörr, W. Protective effects of systemic dermatan sulfate treatment in a preclinical model of
radiation-induced oral mucositis. Strahlenther. Onkol. 2018, 194, 675–685. [CrossRef] [PubMed]

36. Galdiero, M.R.; Varricchi, G.; Loffredo, S.; Mantovani, A.; Marone, G. Roles of neutrophils in cancer growth and progression. J.
Leukoc. Biol. 2018, 103, 457–464. [CrossRef] [PubMed]
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42. Günay, E.; Sarınç Ulaşlı, S.; Akar, O.; Ahsen, A.; Günay, S.; Koyuncu, T.; Unlü, M. Neutrophil-to-lymphocyte ratio in chronic
obstructive pulmonary disease: A retrospective study. Inflammation 2014, 37, 374–380. [CrossRef]

43. Kahramanca, S.; Ozgehan, G.; Seker, D.; Gökce, E.I.; Seker, G.; Tunç, G.; Küçükpınar, T.; Kargıcı, H. Neutrophil-to-lymphocyte
ratio as a predictor of acute appendicitis. Ulus. Travma Acil Cerrahi Derg. Turk. J. Trauma Emerg. Surg. Tjtes 2014, 20, 19–22.
[CrossRef]

44. Kule, M.; Kara Polat, A.; Akın Belli, A.; Gökçen Kule, Z. Neutrophil to lymphocyte and platelet to lymphocyte ratios as an
indicator of inflammation in patients with recurrent aphthous stomatitis. ENT Updates 2018, 8, 41–44. [CrossRef]

45. Chung, K.F. Inflammatory mediators in chronic obstructive pulmonary disease. Curr. Drug Targets. Inflamm. Allergy 2005, 4,
619–625. [CrossRef] [PubMed]

46. Walsh, S.R.; Cook, E.J.; Goulder, F.; Justin, T.A.; Keeling, N.J. Neutrophil-lymphocyte ratio as a prognostic factor in colorectal
cancer. J. Surg. Oncol. 2005, 91, 181–184. [CrossRef] [PubMed]

47. Ethier, J.-L.; Desautels, D.; Templeton, A.; Shah, P.S.; Amir, E. Prognostic role of neutrophil-to-lymphocyte ratio in breast cancer:
A systematic review and meta-analysis. Breast Cancer Res. 2017, 19, 2. [CrossRef]

48. Tazeh, N.N.; Canter, D.J.; Damodaran, S.; Rushmer, T.; Richards, K.A.; Abel, E.J.; Jarrard, D.F.; Downs, T.M. Neutrophil to
Lymphocyte Ratio (NLR) at the Time of Transurethral Resection of Bladder Tumor: A Large Retrospective Study and Analysis of
Racial Differences. Bladder Cancer 2017, 3, 89–94. [CrossRef]

49. Templeton, A.J.; McNamara, M.G.; Šeruga, B.; Vera-Badillo, F.E.; Aneja, P.; Ocaña, A.; Leibowitz-Amit, R.; Sonpavde, G.; Knox,
J.J.; Tran, B.; et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: A systematic review and meta-analysis. J.
Natl. Cancer Inst. 2014, 106, dju124. [CrossRef] [PubMed]

50. Diakos, C.I.; Charles, K.A.; McMillan, D.C.; Clarke, S.J. Cancer-related inflammation and treatment effectiveness. Lancet Oncol.
2014, 15, e493–e503. [CrossRef]

51. Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-related inflammation. Nature 2008, 454, 436–444. [CrossRef]
52. Bassani, B.; Baci, D.; Gallazzi, M.; Poggi, A.; Bruno, A.; Mortara, L. Natural Killer Cells as Key Players of Tumor Progression and

Angiogenesis: Old and Novel Tools to Divert Their Pro-Tumor Activities into Potent Anti-Tumor Effects. Cancers 2019, 11, 461.
[CrossRef]

53. So, T.H.; Chan, S.K.; Chan, W.L.; Choi, H.; Chiang, C.L.; Lee, V.; Lam, T.C.; Wong, I.; Law, S.; Kwong, D.; et al. Lymphopenia and
Radiation Dose to Circulating Lymphocytes With Neoadjuvant Chemoradiation in Esophageal Squamous Cell Carcinoma. Adv.
Radiat. Oncol. 2020, 5, 880–888. [CrossRef]

54. Ladbury, C.J.; Rusthoven, C.G.; Camidge, D.R.; Kavanagh, B.D.; Nath, S.K. Impact of Radiation Dose to the Host Immune System
on Tumor Control and Survival for Stage III Non-Small Cell Lung Cancer Treated with Definitive Radiation Therapy. Int. J. Radiat.
Oncol. Biol. Phys. 2019, 105, 346–355. [CrossRef]

55. Groutas, W.C.; Dou, D.; Alliston, K.R. Neutrophil elastase inhibitors. Expert Opin. Ther. Patents 2011, 21, 339–354. [CrossRef]
56. Mohamed, M.M.A.; El-Shimy, I.A.; Hadi, M.A. Neutrophil Elastase Inhibitors: A potential prophylactic treatment option for

SARS-CoV-2-induced respiratory complications? Crit. Care 2020, 24, 311. [CrossRef]
57. Jakimiuk, K.; Gesek, J.; Atanasov, A.G.; Tomczyk, M. Flavonoids as inhibitors of human neutrophil elastase. J. Enzym. Inhib. Med.

Chem. 2021, 36, 1016–1028. [CrossRef] [PubMed]
58. Cinausero, M.; Aprile, G.; Ermacora, P.; Basile, D.; Vitale, M.G.; Fanotto, V.; Parisi, G.; Calvetti, L.; Sonis, S.T. New Frontiers in the

Pathobiology and Treatment of Cancer Regimen-Related Mucosal Injury. Front. Pharmacol. 2017, 8, 354. [CrossRef]
59. Vera-Llonch, M.; Oster, G.; Hagiwara, M.; Sonis, S. Oral mucositis in patients undergoing radiation treatment for head and neck

carcinoma. Cancer 2006, 106, 329–336. [CrossRef] [PubMed]
60. Adamsson Eryd, S.; Smith, J.G.; Melander, O.; Hedblad, B.; Engström, G. Incidence of coronary events and case fatality rate in

relation to blood lymphocyte and neutrophil counts. Arter. Thromb. Vasc. Biol. 2012, 32, 533–539. [CrossRef] [PubMed]
61. Balta, S.; Cakar, M.; Demirkol, S.; Arslan, Z.; Akhan, M. Higher neutrophil to lymhocyte ratio in patients with metabolic syndrome.

Clin. Appl. Thromb. Off. J. Int. Acad. Clin. Appl. Thromb. 2013, 19, 579. [CrossRef] [PubMed]
62. Bese, N.S.; Hendry, J.; Jeremic, B. Effects of prolongation of overall treatment time due to unplanned interruptions during

radiotherapy of different tumor sites and practical methods for compensation. Int. J. Radiat. Oncol. Biol. Phys. 2007, 68, 654–661.
[CrossRef]

http://doi.org/10.1186/s12916-020-01817-1
http://doi.org/10.1007/s10753-013-9749-1
http://doi.org/10.5505/tjtes.2014.20688
http://doi.org/10.2399/jmu.2018001004
http://doi.org/10.2174/156801005774912806
http://www.ncbi.nlm.nih.gov/pubmed/17305518
http://doi.org/10.1002/jso.20329
http://www.ncbi.nlm.nih.gov/pubmed/16118772
http://doi.org/10.1186/s13058-016-0794-1
http://doi.org/10.3233/BLC-160085
http://doi.org/10.1093/jnci/dju124
http://www.ncbi.nlm.nih.gov/pubmed/24875653
http://doi.org/10.1016/S1470-2045(14)70263-3
http://doi.org/10.1038/nature07205
http://doi.org/10.3390/cancers11040461
http://doi.org/10.1016/j.adro.2020.03.021
http://doi.org/10.1016/j.ijrobp.2019.05.064
http://doi.org/10.1517/13543776.2011.551115
http://doi.org/10.1186/s13054-020-03023-0
http://doi.org/10.1080/14756366.2021.1927006
http://www.ncbi.nlm.nih.gov/pubmed/33980119
http://doi.org/10.3389/fphar.2017.00354
http://doi.org/10.1002/cncr.21622
http://www.ncbi.nlm.nih.gov/pubmed/16342066
http://doi.org/10.1161/ATVBAHA.111.240416
http://www.ncbi.nlm.nih.gov/pubmed/22116095
http://doi.org/10.1177/1076029612475023
http://www.ncbi.nlm.nih.gov/pubmed/23344995
http://doi.org/10.1016/j.ijrobp.2007.03.010

	Introduction 
	Materials and Methods 
	Patient and Clinical Data 
	NLR 
	RT 
	The Assessment of OM 
	Overall Survival 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Comparison of NLR Values According to Demographic and Clinical Factors as Well as OM Grade after Subsequent Weeks of RT 
	Evaluation of Diagnostic Usefulness of NLR Values in Predicting the Occurrence of More Severe OM after Subsequent Weeks of RT (ROC Analysis) 
	Assessment of the Risk of More Severe OM after Subsequent Weeks of RT According to Demographic and Clinical Factors as Well as NLR Value 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

