
Relevance of Inflammatory Biomarkers in Salivary Gland 
Cancers Management

Salivary gland tumors (SGTs) are an heterogeneous
group of tumors that, according with the current 4th 

World Health Organization (WHO) classification of 2017, 
include: benign tumours that are the most frequent 
types, corresponding to 54-79% of the total salivary 
gland tumours while malignant tumors account for 21-
46% of total.[1]

Among the benign tumours, Pleomorphic adenoma is 

the most common and accounts for nearly 50% of all neo-
plasms of this anatomical site. The second most frequent is 
Warthin’s tumour, also called papillary lymphomatous cyst-
adenoma, corresponding to 4-14% of all tumours.[2-4] 

Salivary gland cancers (SGc) are more than 20 distinct his-
topathologic entities. Mucoepidermoid carcinoma is the 
most frequent primary salivary malignancy, followed by 
adenoid cystic and acinic cell carcinoma.[5-6]

Objectives: Preoperative diagnostic investigation of salivary neoplasms leaves a fair share of doubtful cases that com-
plicate the therapeutic choices. The aim of our study was to look for new means to support the decision-making pro-
cess for their management. Inflammatory biomarkers could play an important role in this process.
Methods: A retrospective chart review of salivary glands tumors was performed between January 2016 and Septem-
ber 2020 in our Department. The samples were divided in 2 groups basing on the histological result after surgery: 191 
patients with benign salivary glands tumors (SGbt), and 47 with salivary glands cancer (SGc). 90 patients were ran-
domly selected to form the control group (C group).
Results: Statistically significant increase of platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocite ratio (NLR) 
and systemic immune-inflammation index (SII) was reported in SGc group compared to SGbt group and control group 
(p<0.001). Statistical evaluation estabilished optimal threshold for PLR (164,2), NLR (3,11) and SII (517.5) that can dis-
criminate the doubtful cases with specificity of 85-86% and 62% respectively, and sensitivity of 40-45% and 64% re-
spectively.
Conclusion: Inflammatory biomarkers can have a relevant role as diagnostic tools in doubtful cases. They could be 
performed in the clinical setting for guiding the treatment of these neoplasms.
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Diagnostic imaging but above all the Fine needle aspira-
tion cytology (FNAC) is widely used as a first-line investi-
gative technique distinguishing between benign and ma-
lignant salivary gland pathologies.[7-9] 25% of cytological 
diagnoses fall into the first three categories of the Milan 
system. A risk of malignancy ranging from 10 to 25% has 
been estimated for these categories. This percentage is 
not negligible.[10,11]

This diagnostic complexity can leave a fair share of incon-
clusive or doubtful diagnoses that complicate therapeutic 
choices. Therefore the goal of our study was to look for 
new elements that could support the therapeutic choice 
in doubtful cases.

In recent years, several evidences proved that inflammation 
plays a key role in the prognosis of cancers. Previous stud-
ies have shown that high level of inflammatory biomarkers, 
such as neutrophil to lymphocyte ratio (NLR), platelet to 
lymphocyte ratio (PLR), and Systemic Immune Inflamma-
tion Index (SII) were associated with poor prognosis in sev-
eral types of cancer.[12-17] Thus we conducted a retrospective 
study with the aim of evaluating the role of inflammatory 
markers as a useful diagnostic tools in cases with a dubious 
cyto-radiological diagnosis.

Methods
A retrospective chart review of all patients affected by be-
nign and malign salivary glands tumours was performed 
between January 2016 and September 2020 in the Depart-
ment of Maxillofacial Surgery of the University of Naples 
“Federico II”. On a total of 678 examined reports, 238 pa-
tients were eligible for this study, satisfying the following 
inclusion criteria: histological confirmation of benign or 
malign salivary glands tumours; complete medical records 
available; preoperative blood counts routine laboratory 
data.

Patients were not included in the study if they had any in-
flammatory, autoimmune, acute or chronic disease; history 
of others cancers; previously treatment with non-steroid 
anti-inflammatory drugs and immunotherapy; fever or sys-
temic infections; acute myocardial infarction or coronary 
revascularization within 6 month before surgery; incom-
plete clinical data.

The samples was divided in 2 groups basing on the histo-
logical result: 191 patients with benign salivary gland tu-
mours (SGbt group), and 47 with salivary gland cancers 
(SGc group). 

90 patients were randomly selected from our database and 
were included in the control group (C group). 

Relevant clinical-pathological data such as sex, age, tumor 

entity, location and routine laboratory data performed 
before surgery, were collected from the medical records. 
These data include white blood cell (WBC), absolute lym-
phocyte count (ALC), absolute neutrophil count (ANC), ab-
solute monocyte count (AMC), absolute eosinophils count 
(AEC), absolute basophils count (ABC), platelets, albumin, 
alpha 1 and 2 proteins, beta 1 and 2 proteins, red blood 
cells, hematocrit, hemoglobin, glycemia, sìderemia, lactate 
dehydrogenase (LDH), Glutamic Oxaloacetic Transaminase 
(GOT) and Glutamic Pyruvic Transaminase (GPT). The pre-
treatment baseline NLR, PLR, SII were calculated using the 
following formulae:

SII = platelet counts × neutrophil counts/lymphocyte 
counts, 

NLR = neutrophil counts/lymphocyte counts, 

PLR = platelet counts/lymphocyte counts, 

Statistical Analysis 
Quantitative variables are expressed as mean and stan-
dard deviation. Comparisons between two groups are 
performed using Student's t test or with Mann-Whitney U 
test, as appropriate. Comparisons among more than two 
groups are performed with ANOVA or Kruskal-Wallis test as 
appropriate. Categorical variables are expressed as abso-
lute frequencies and percentages. Comparisons between 
groups for categorical variables are performed with the 
chi-square test. Receiver operating curves (ROCs) are con-
structed and the corresponding areas under the curves 
(AUCs) are computed to evaluate the diagnostics and pre-
dictive performances of SII, PLR and NLR. Optimal cut-offs 
are determined maximizing the Youden index and corre-
sponding accuracy, sensitivity and specificity are provided. 
For all analyses, a p-value < 0.05 was considered statistical-
ly significant. Analyses are performed using the statistical 
software R, version 4.0.3.

Results

Baseline Features of Patients
SGbt group included 191 patients with benign salivary 
glands tumours, 99 male and 92 females, the mean age 
was 55. In control group, 90 patients were included respec-
tively 65 male and 25 female, mean age was 38. SGc group 
included 47 patients with malign salivary gland tumours 
24 male and 23 female, mean age was 65. The site of the 
neoplasia was more frequently the parotid gland for both 
benign and malignant tumors. Main features of the three 
groups are shown in table 1.

In the benign group 94 (49%) Warthin’s Tumor and 97 
(51%) Pleomorphic Adenoma were found. In the malig-
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nant group the histological variants were more: there 
were 12 patients with squamous cell carcinoma (11 parot-
id gland and 1 submandibular gland) 7 of them were me-
tastasis of cutaneous carcinoma; 9 patients with adenoid 
cystic carcinoma (6 parotid gland, 2 submandibular gland 
and 1 minor salivary glands); 15 patients with mucoepi-
dermoid carcinoma (12 parotid gland, 1 submandibular 
gland and 2 minor salivary glands); 4 patients with carci-
noma ex pleomorphic adenoma; 4 patients with adeno-

carcinoma (3 parotid gland and 1 minor salivary glands) 
and 3 patients with other malignant tumors (1 lympho-
epithelial carcinoma; 1 sarcoma ex pleomorphic adenoma 
and 1 B-cell lymphoma). The distribution of malignant 
histological types is shown in Table 2.

The statistical analysis of all the considered variables in 
the three groups is shown in table 3. In the last column 
of the table the statistical significance is shown: the dif-
ference between the three groups results statistically sig-
nificant (p<0.001) for SII, NLR, PLR, white blood cell (WBC) 
absolute neutrophil count (ANC), red blood cells hema-
tocrit, hemoglobin, albumin, alpha 1 and 2 proteins, beta 
1 and 2 proteins, glycemia sìderemia (p=0.012), lactate 
dehydrogenase (LDH) (p=0.003), Glutamic Oxaloacetic 
Transaminase (GOT) and Glutamic Pyruvic Transaminase 
(GPT) (p<0.001). Furthermore, Figure 1 showed a statisti-
cally significant correlation for SII, NLR (p<0.05), and PLR.
(p<0.01) between malignant group and controls group 
(Fig. 1).

ROC Analysis
ROC analysis was performed to identify the optimal cut-off 
point with the highest sensitivity and specificity, which was 
3.11 for NLR, 164.2 for PLR, and 517.5 for SII (sensitivity and 
specificity: 0.45 and 0.85 for NLR, 0.40 and 0.86 for PLR, and 
0.64 and 0.62 for SII, respectively). The complete Roc analy-
sis with the AUC and the accuracy of each test is shown in 
Figure 2.

Discussion
The management of salivary glands neoplasia is still a con-
troversial topic due to the diagnostic difficulties that have 
sometimes been encountered.

The Milan System for Reporting Salivary Gland Cytopathol-
ogy (MSRSGC) represents a standardized, evidence-based 
reporting system for salivary gland fine-needle aspiration 
cytology (FNAC).[18]

Jaslyn Jie Lin Lee et al showed that about 25% of cytologi-
cal diagnoses fall into the first three categories of Milan 

Table 1. Main features of the three groups

Control Group	 SBGT Group	 SGc Group

Sex	 F 25 (28%)	 F 92 (48%)	 F 23 (49%)
M 65 (72%)	 M 99 (52%)	 M 24 (51%)

Mean Age 	 38	 55 (range 18-84)	 65 (range 35-85)
Site Parotid Parotid

187 (98%)	 39 (8,3%)
Submandibular	 Submandibular

3 (1,5%)	 4 (8,5%)
Minor Salivary	 Minor Salivary

Glands	 Glands
1 (0,5%)	 4 (8,5%)

Histology		 Warthin’s Tumor	 Adenoid cystic
97 (51%)	 carcinoma

Pleomorphic	 9 (19%)
Adenoma	 Squamous cell
94 (49%)	 carcinoma

13 (28%)
Adenocarcinoma

3 (6%)
Carcinoma ex
pleomorphic

adenoma
4 (9%)

Mucoepidermoid
carcinoma
15 (32%)
Others
3 (6%)

SGBT: salivary gland benign tumors; SGC: salivary gland cancers.

Table 2. Distribution of histological types of Malignant Salivary Gland Tumors in the minor and Major glands

Malign salivary glands	 Parotid, n (%)	 Submandibular, n (%)	 Minor salivary glands, n (%)

Squamous cell carcinoma	 11 (23.5)	 1 (2.1)
Adenoid cystic carcinoma	 6 (12.7)	 2 (4.3)	 1 (2.1)
Mucoepidermoid carcinoma	 12 (25.6)	 1 (2.1)	 2 (4.3)
Carcinoma ex pleomorphic adenoma	 4 (8.6)
adenocarcinoma	 3 (6.3)		 1 (2.1)
Others	 3 (6.3)
Total 	 39 (83)	 4 (8.5) 	 4 (8.5) 
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System. They reported a percentage ranging from 10 to 
25% of estimated risk of malignancy for these categories.[19]

Howard H Wu et al collected a total of 1,560 fine-needle as-
pirations of the salivary glands from two institutions for a 
12-year period measuring the Real world risk of malignan-
cy based on 694 histologic follow-up cases. The real world
risk of malignancy, defined as objective, unbiassed risk,
result of an actuarial-probabilistic assessment.[20] For each
category was: 18.3% for non diagnostic (Category I), 8.9%
for non neoplastic (Category II), 37.5% for atypia of unde-
termined significance (AUS – Category III).[21]

This high rate risk for malignancy translates into a concrete 
possibility of inadequate management for the clinician. 
Thus, the inflammatory background in these patients may 
support the decision-making process.

As remarked by several studies, inflammation has been 

recognized as a promoter of cancer development and pro-
gression.[22-24]

Immune and inflammatory cells such as neutrophils, plate-
lets and lymphocytes contribute to the invasion of cancer 
cells into the peripheral blood.[25,26]

The increase in pretreatment inflammatory biomarker val-
ues was positively correlated with a worse prognosis in 
many major salivary gland tumors and in a large number of 
epithelial and mesenchymal neoplasms.[12-15,27]

Guangyan Cheng et al noted that different increasing val-
ues of NLR were related to the different stages of malig-
nancy in primary parotid cancer patients.[28]

Kawakita et al described an NLR cut-off > 2.5 in patients 
with salivary duct carcinoma, indicating that there was an 
almost 2-fold greater risk of death than baseline levels.[29]

To our knowledge the first Authors whose analyze the values 

Table 3. Statistical analyses of the considered variables in the three groups

Variable	 n 	 Benign, n=191 	 Controls, n=90 	 Malignant, n=47 	 p 

Age	 325 	 55 (15) 	 38 (16) 	 65 (14) 	 <0.001 
Sex	 328 	 0.004 

f	 92 (48%) 	 25 (28%) 	 23 (49%) 	
	 m	 99 (52%) 	 65 (72%) 	 24 (51%) 	
White blood cell	 328 	 7.54 (2.08) 	 6.55 (1.76) 	 7.83 (2.80) 	 <0.001 
neutrophils 	 328 	 4.76 (1.76) 	 3.77 (1.38) 	 5.46 (2.70) 	 <0.001 
lymphocytes	 328 	 2.05 (0.65) 	 2.09 (0.54) 	 1.83 (0.73) 	 0.057 
monocytes	 328 	 0.46 (0.16) 	 0.44 (0.17) 	 0.48 (0.20) 	 0.338 
eosinophils	 328 	 0.17 (0.12) 	 0.19 (0.22) 	 0.14 (0.12) 	 0.108 
basophils	 328 	 0.039 (0.022) 	 0.085 (0.436) 	 0.033 (0.025) 	 0.251 
platelets	 328 	 235 (61) 	 230 (43) 	 239 (62) 	 0.660 
alfa1 	 323 	 4.07 (0.62) 	 3.70 (0.44) 	 4.50 (0.89) 	 <0.001 
alfa2 	 323 	 10.25 (1.77) 	 9.01 (1.26) 	 11.15 (1.87) 	 <0.001 
beta1 	 323 	 6.20 (0.75) 	 5.81 (0.58) 	 6.23 (0.61) 	 <0.001 
beta2 	 323 	 5.16 (0.96) 	 4.65 (0.82) 	 5.45 (1.39) 	 <0.001 
hematocrit	 328 	 44.2 (5.0) 	 44.4 (3.9) 	 41.4 (4.8) 	 <0.001 
hemoglobin	 328 	 14.48 (1.56) 	 14.71 (1.38) 	 13.48 (1.72) 	 <0.001 
Red blood cell	 328 	 5.01 (0.52) 	 5.04 (0.43) 	 4.63 (0.52) 	 <0.001 
ck 		 322 	 109 (72) 	 137 (111) 	 150 (241) 	 0.053 
ldh 	 328 	 218 (75) 	 189 (40) 	 211 (50) 	 0.003 
iron	 325 	 84 (37) 	 96 (33) 	 81 (28) 	 0.012 
glycemia	 326 	 92 (23) 	 82 (13) 	 99 (28) 	 <0.001 
AST 	 326 	 22 (13) 	 22 (7) 	 24 (14) 	 0.378 
ALT 	 325 	 22 (19) 	 23 (13) 	 25 (20) 	 0.581 
creatinine	 326 	 0.84 (0.19) 	 0.88 (0.14) 	 0.88 (0.26) 	 0.224 
albumin	 326 	 4.43 (0.33) 	 4.89 (1.96) 	 4.24 (0.41) 	 <0.001 
SII 		 328 	 601 (433) 	 433 (183) 	 851 (722) 	 <0.001 
PLR 	 328 	 125 (54) 	 116 (28) 	 152 (66) 	 <0.001 
NLR 	 328 	 2.55 (1.74) 	 1.88 (0.73) 	 3.55 (2.82) 	 <0.001 

Data are presented as Mean (SD) for continuous variables and as Frequency (%) for categorical variables. P-values are computed with one-way ANOVA or chi 
square test. Significant values are highlighted in bold.
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of these biomarkers in benign and malignant salivary gland 
tumors were Murat Damar et al in 2016.[30] In their study the 
Authors analyzed preoperative NLR values in patients with 
malignant and benign salivary gland tumors. They reported 

an increase of NLR value in malignant tumors compared to 
benign. On the other hand mean lymphocyte count and rate 
were lower in patients with malignant salivary gland tumors 
than in patients with benign salivary gland tumours. These 

Figure 1. Comparison graphs of blood inflammatory indices in the three Groups.

Significance level: ns = not significant, * = p <= 0.05, ** p <= 0.01, *** p <= 0.001, **** p <= 0.0001.

Figure 2. Receiver operating curves (ROCs) and obtained optimal cut offs for the three variables SII, 
NLR and PLR.

SII AUC = 0.6532, PLR AUC = 0.6366, NLR AUC = 0.6618.

Variable 	 Optimal	 Accuracy 	 TN 	 TP 	 FN 	 FP 	 Specificity 	 Sensitivity

Threshold

SII	 517.5 	 0.622 	 174 	 30 	 17 	 107 	 0.62 	 0.64 

PLR 	 164.2 	 0.796 	 242 	 19 	 28 	 39 	 0.86 	 0.40 

NLR 	 3.11 	 0.793 	 239 	 21 	 26 	 42 	 0.85 	 0.45
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results suggested that the combination of NLR and lympho-
cyte percentage may be used as a potential inflammatory 
marker in patients to differentiate low- from high- grade ma-
lignant parotid gland tumors. 

These preliminary studies have remarked the role of the in-
flammatory state in benign and malignant salivary pathology. 

The analysis of the results coming out from our study 
showed that there is a statistically significant increase of 
NLR, PLR and SII indices in salivary glands cancers com-
pared to benign salivary gland tumours and control group. 

It’s important to underline the role that the optimal thresh-
old defined for NLR (3,11) , PLR (164,2) and SII ( 517.5) could 
have in doubtful cases .

In particular, the optimal threshold values of NLR and PLR 
seem to be particularly useful in discriminating true nega-
tives with a sensitivity of 85%. Conversely, the SII threshold 
values would seem to be more effective in discriminating 
true positives with a sensitivity of 64%. Thus, the cut-off 
value, as defined in our study, assume an important role in 
the decision-making process for the management of sali-
vary tumors. They provide the clinician useful information 
to guide the therapeutic choices aimed at repeating the 
FNAC or moving towards an enucleoresection surgery vs 
parotidectomy.

The study has some limitations: this is a retrospective study 
based on a single center data set; the predictive value of 
these markers has not yet been tested on a prospective 
population. Therefore, our future goal will be to conduce 
a prospective study to evaluate these cut-offs both as a di-
agnostic tools in dubious diagnoses at FNAC and as predic-
tive prognostic values.

Conclusion
In conclusion, the encouraging results of our study show 
that inflammatory markers values increase in Salivary 
glands cancer. They could be a standard laboratory mea-
surements which may be routinely performed in the clini-
cal setting guiding the surgical treatment of these neo-
plasms. A prospective trial with a larger number of patients 
is mandatory to confirm our preliminary results.

Disclosures

Ethics Committee Approval: Signed patients consents were ob-
tained for all the participants in the study in accordance with dec-
laration of Helsinki. No ethical approval was required by our local 
IRB as a retrospective study based on collecting data.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – V.A.; Design – V.A.; Super-
vision – G.I.; Materials – P.B.; Data collection &/or processing – S.B.; 

Analysis and/or interpretation – D.P.; Literature search – S.T.; Writ-
ing – S.B., S.T.; Critical review – L.C.

References
1. El-Naggar AK, Chan JKC, Grandis JR, Slootweg PJ. Tumours

of salivary glands. WHO Classification of Head and Neck Tu-
mours. 4th ed. Lyon, France: IARC Press; 2017. p. 159.

2. Nagler RM, Laufer D. Tumors of the major and minor salivary
glands: Review of 25 years of experience. Anticancer Res
1997;17:701–7.

3. Pinkston JA, Cole P. Incidence rates of salivary gland tumors:
Results from a population-based study. Otolaryngol Head
Neck Surg 1999;120:834–40.

4. Vargas PA, Gerhard R, Araújo Filho VJ, de Castro IV. Salivary
gland tumors in a Brazilian population: A retrospective study
of 124 cases. Rev Hosp Clin Fac Med Sao Paulo 2002;57:271–6. 

5.	 Horn-Ross PL, Ljung BM, Morrow M. Environmental factors and 
the risk of salivary gland cancer. Epidemiology 1997;8:414–9.

6. Sun EC, Curtis R, Melbye M, Goedert JJ. Salivary gland can-
cer in the United States. Cancer Epidemiol Biomarkers Prev
1999;8:1095–100.

7. Peravali RK, Bhat HH, Upadya VH, Agarwal A, Naag S. Salivary
gland tumors: A diagnostic dilemma! J Maxillofac Oral Surg
2015;14:438–42.

8. Dhanani R, Iftikhar H, Awan MS, Zahid N, Momin SNA. Role
of fine needle aspiration cytology in the diagnosis of parotid
gland Tumors: Analysis of 193 cases. Int Arch Otorhinolaryn-
gol 2020;24:508–12.

9. Gudmundsson JK, Ajan A, Abtahi J. The accuracy of fine-nee-
dle aspiration cytology for diagnosis of parotid gland masses:
A clinicopathological study of 114 patients. J Appl Oral Sci
2016;24:561–7.

10. Kala C, Kala S, Khan L. Milan system for reporting salivary
gland cytopathology: An experience with the implication for
risk of malignancy. J Cytol 2019;36:160–4.

11. Faquin WC, Rossi ED, Baloch Z, Barkan GA, Foschini M, Kurtycz 
DFI, et al. The Milan System for Reporting Salivary Gland Cyto-
pathology. Cham, Switzerland: Springer International Publish-
ing AG; 2018.

12. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic im-
mune-inflammation index predicts prognosis of patients after 
curative resection for hepatocellular carcinoma. Clin Cancer
Res 2014;20:6212–22.

13. Geng Y, Shao Y, Zhu D, Zheng X, Zhou Q, Zhou W, et al. Sys-
temic immune-inflammation index predicts prognosis of pa-
tients with esophageal squamous cell carcinoma: A propen-
sity score-matched analysis. Sci Rep 2016;6:39482.

14. Hong X, Cui B, Wang M, Yang Z, Wang L, Xu Q. Systemic Im-
mune-inflammation Index, based on platelet counts and neu-
trophil-lymphocyte ratio, is useful for predicting prognosis in
small cell lung cancer. Tohoku J Exp Med 2015;236:297–304.



317EJMO

15.	He W, Yin C, Guo G, Jiang C, Wang F, Qiu H, et al. Initial neutro-
phil lymphocyte ratio is superior to platelet lymphocyte ratio
as an adverse prognostic and predictive factor in metastatic
colorectal cancer. Med Oncol 2013;30:439.

16. Sun Y, Zhang L. The clinical use of pretreatment NLR, PLR,
and LMR in patients with esophageal squamous cell carci-
noma: evidence from a meta-analysis. Cancer Manag Res
2018;10:6167–79.

17. Jonska-Gmyrek J, Gmyrek L, Zolciak-Siwinska A, Kowalska M,
Fuksiewicz M, Kotowicz B. Pretreatment neutrophil to lym-
phocyte and platelet to lymphocyte ratios as predictive fac-
tors for the survival of cervical adenocarcinoma patients. Can-
cer Manag Res 2018;10:6029–38.

18. Rossi ED, Faquin WC. The milan system for reporting salivary
gland cytopathology (MSRSGC): An international effort to-
ward improved patient care-when the roots might be inspired 
by Leonardo da Vinci. Cancer Cytopathol 2018;126:756–66.

19. Lee JJL, Tan HM, Chua DYS, Chung JGK, Nga ME. The Milan
system for reporting salivary gland cytology: A retrospective
analysis of 1384 cases in a tertiary Southeast Asian institution. 
Cancer Cytopathol 2020;128:348–58.

20. Rumiati R. Salvadori L.  Percezione del rischio e rischio tecno-
logico-professionale. Risorse Uomo 1999;1.

21.	Wu HH, Alruwaii F, Zeng BR, Cramer HM, Lai CR, Hang JF. Appli-
cation of the Milan system for reporting salivary gland cyto-
pathology: A retrospective 12-year bi-institutional study. Am
J Clin Pathol 2019;151:613–21.

22. Baniyash M, Sade-Feldman M, Kanterman J. Chronic inflam-

mation and cancer: Suppressing the suppressors. Cancer Im-
munol Immunother. 2014;63:11–20.

23. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related in-
flammation. Nature 2008;454:436–44.

24. Roxburgh CS, McMillan DC. Role of systemic inflammatory
response in predicting survival in patients with primary oper-
able cancer. Future Oncol 2010;6:149–63.

25.	Hanahan D, Coussens LM. Accessories to the crime: ;Functions 
of cells recruited to the tumor microenvironment. Cancer Cell
2012;21:309–22.

26. Wu L, Saxena S, Awaji M, Singh RK. Tumor-associated neutro-
phils in cancer: going pro. Cancers (Basel) 2019;11:564.

27. Kuzucu İ, Güler İ, Kum RO, Baklacı D, Özcan M. Increased neu-
trophil lymphocyte ratio and platelet lymphocyte ratio in ma-
lignant parotid tumors. Braz J Otorhinolaryngol 2020;86:105–
10.

28. Cheng G, Liu F, Niu X, Fang Q. Role of the pretreatment neu-
trophil-to-lymphocyte ratio in the survival of primary parotid
cancer patients. Cancer Manag Res 2019;11:2281–86.

29. Kawakita D, Tada Y, Imanishi Y, Beppu S, Tsukahara K, Kano S,
et al. Impact of hematological inflammatory markers on clini-
cal outcome in patients with salivary duct carcinoma: A multi-
institutional study in Japan. Oncotarget 2017;8:1083–91.

30. Damar M, Dinç AE, Erdem D, Aydil U, Kizil Y, Eravcı FC, et al.
Pretreatment neutrophil-lymphocyte ratio in salivary gland
tumors is associated with malignancy. Otolaryngol Head Neck 
Surg 2016;115:988–96.


