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Abstract 

Background: Inflammation, when associated with cancer, has been shown to 
correlate with a worse prognosis. Neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), and monocyte-lymphocyte ratio (MLR) serve as markers of 
inflammation. This study aims to investigate the influence of pretreatment NLR, PLR, 
and MLR on treatment outcomes and their correlation with sarcopenia in patients 
with locally advanced head and neck squamous cell carcinoma (LA-HNSCC) undergoing 
definitive chemoradiotherapy. 

Method: In this retrospective study, 240 LA-HNSCC patients who received a 
radiotherapy dose of 70 Gy/35 fractions over 7 weeks in conjunction with chemotherapy 
were enrolled. Pretreatment NLR, PLR, and MLR were determined. Sarcopenia was 
evaluated by measuring skeletal muscle mass at the C3 level using radiotherapy 
planning computed tomography scans. The impact of NLR, PLR, and MLR on 
complete response rate and disease-free survival was calculated. The median follow-
up duration for patients was 26 months. 

Results: Inflammatory markers were notably higher in elderly patients, females, 
and those with laryngeal primary tumours. Patients achieving a complete response 
exhibited lower values than those who did not. Patients with significant sarcopenia 
demonstrated elevated mean values of inflammatory markers. Patients with NLR<3, 
PLR<145, and MLR<0.4 experienced more favorable outcomes regarding complete 
response rate and disease-free survival. 

Conclusion: Inflammatory markers such as NLR, PLR, and MLR are independent 
prognostic factors in HNSCC patients. Elevated values are associated with sarcopenia 
and inferior treatment outcomes, indicative of more aggressive tumour behavior. 
These markers are straightforward to calculate and should be routinely employed for 
early prognosis assessment. 

 
Keywords: Inflammatory markers, Neutrophil-lymphocyte ratio, Head and neck 
neoplasms, Radiotherapy, Prognosis 

 

Original Article 

Middle East Journal of Cancer; July 2024; 15(3): 226-233

♦Corresponding Author:  

Deep Shankar Pruthi, MD  
Department of Radiation 
Oncology, Action Cancer 
Hospital, New Delhi, India 

Email: dsp008@gmail.com  

Received: June 13, 2023; Accepted: January 29, 2024 

Please cite this article as: Pruthi 
DS, Nagpal P, Pandey M, Yadav 
A. Impact of pretreatment 
inflammatory markers in locally 
advanced head and neck cancer 
treated with concurrent 
chemoradiotherapy. Middle East 
J Cancer. 2024;15(3):226-33. 
doi:10.30476/mejc.2023.99132.
1929. 



Inflammatory Markers in Head and Neck Cancer 

Middle East J Cancer 2024; 15(3): 226-233 227

Introduction 

Head and neck squamous cell carcinomas 
(HNSCC) are the 2nd most common cancer in 
India.1 The general treatment modality for locally 
advanced HNSCC (LA-HNSCC) includes radical 
radiotherapy in combination with concurrent 
chemotherapy.2, 3 The sub-sites include 
oropharyngeal, laryngeal, and hypopharyngeal 
primary squamous cell carcinomas. There are 
multiple prognostic factors which determine the 
outcome of the patient. These include a 
combination of the patient (host), disease (tumour), 
and treatment-related factors. Some of them are 
the patient’s age, performance status, 
comorbidities, clinical stage, poorly-differentiated 
tumours, presence of extracapsular spread, 
    perineural invasion, human papillomavirus (HPV) 
status, weight loss before and during treatment, 
sarcopenia, gap during treatment and number of 
concurrent chemotherapy cycles given.4-7  

The relationship between inflammation and 
cancer is well known. Inflammation is associated 
with the development and progression of cancer.8 
The first link between inflammation and cancer 
was first observed by Rudolf Virchow, who 
detected leukocytes within tumours and 
hypothesized that inflammation increased cellular 
proliferation.9  

There is mounting evidence that the tumour 
microenvironment plays a crucial role in tumour 
proliferation, invasion, metastases, and even 
resistance. Inflammation plays a crucial role in 
cancer progression.10 It has been suggested that 
caner-related inflammation (including local and 
systemic inflammation) is associated with 
treatment response and survival in various solid 
tumours.11,12 The tumour cells have been shown 
to release cytokines. Once inflammation occurs, 
it activates the innate immune system and recruits 
primitive immune cells, such as neutrophils, to 
the tumour site, thus increasing the neutrophil 
level compared with lymphocytes.13 Neutrophils 
release certain factors which promote 
tumorigenesis and cancer progression. 
Inflammatory cascade can lead to capillary 
leakiness, which promotes tumour angiogenesis 
and increases the metastatic potential.14 This 

makes neutrophil lymphocyte ratio (NLR) a 
simple biomarker for systemic inflammation. 
NLR has already been proven to be a prognostic 
marker in several solid cancers like prostate, renal, 
gastric cancer, and head and neck cancer.15-18 

Platelets secrete pro-inflammatory mediators such 
as cytokines, which increase the inflammatory 
microenvironment in and around the tumours, 
making platelet lymphocyte ratio (PLR) another 
notable marker. It is suggested that high neutrophil 
and platelet counts and low lymphocyte counts 
provide an environment conducive to tumour 
growth. Another marker of inflammation in this 
regard is the monocyte-lymphocyte ratio (MLR), 
as monocytes are also recruited in the tumour 
microenvironment. 

This study aims to determine the impact of 
pretreatment NLR, PLR, and MLR on treatment 
outcome, disease-free survival (DFS), and its 
correlation with sarcopenia in LA-HNSCC 
patients treated with definitive concurrent 
chemoradiotherapy. 

 
Material and Methods 

A retrospective analysis was conducted on a 
cohort of 240 patients diagnosed with LA-HNSCC 
who received treatment between January 2016 
and December 2019. Ethical clearance for this 
study was obtained from Action Cancer Hospital 
(Code: EC207). The inclusion criteria 
encompassed patients with histologically 
confirmed cases of locally advanced 
oropharyngeal, hypopharyngeal, and supraglottic 
larynx carcinomas at stage III or IV who 
underwent curative-intent treatment with 
concurrent chemoradiation. Patients who 
underwent upfront surgery or neoadjuvant 
chemotherapy, as well as those with poor 
performance status or metastatic disease, were 
excluded from the study. 

Radiotherapy was administered utilizing 
intensity-modulated radiotherapy (IMRT), 
volumetric arc radiotherapy (VMAT), or image-
guided radiotherapy (IGRT) techniques, delivering 
a total prescribed dose of 70 Gy in 35 fractions 
over 7 weeks, using a linear accelerator (Clinac 
iX or TrueBeam STx - Varian Medical System). 
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Concurrent chemotherapy was administered 
weekly, with the choice of cisplatin or carboplatin 
determined by the medical oncologist. 
Analysis of NLR, PLR, and MLR 

Blood counts, as part of a complete blood 
hemogram, were obtained within 2 weeks prior 
to the initiation of treatment. Hydrodynamic 
focusing was employed as the method for blood 
sample analysis. Absolute values of neutrophils, 
lymphocytes, and platelets were documented. The 
NLR was calculated as the total neutrophil count 
divided by the total lymphocyte count, while the 
PLR was determined by dividing the total platelet 
count by the total lymphocyte count. The MLR 
was calculated using a similar approach. Patients 
with a history of previous steroid usage were 
excluded from the analysis. 
Assessment of sarcopenia and skeletal muscle 
index (SMI) calculation 

The height and weight of the patients recorded 
on the day of computed tomography (CT) 
simulation for radiotherapy planning were used 
for assessment purposes. The presence of 
sarcopenia was assessed using SMI, a validated 
method for calculating sarcopenia using CT 
images. The details on sarcopenia and its impact 
on outcomes in head and neck cancer patients 
treated with radiotherapy have been published 
previously by the authors.18  

A strong correlation exists between skeletal 
muscle mass at L3 vertebrae and skeletal muscle 
mass at C3 vertebrae. This study obtained CT 
images of the head and neck region during external 
beam radiotherapy simulation. A CT slice at the 
level of the C3 vertebrae showing the entire 
vertebral arc was used as a standard while 
contouring for the cross-sectional area (CSA).17 

This CSA at the level of C3 was used to estimate 
the CSA at L3 using a validated algorithm, which 
was described by Swartz as shown in equation 1.19  
CSA at L3 (cm2): 
27.304 + 1.363 × CSA at C3 (cm2) - 0.671 × age 
(years) + 0.640 × weight (kg) + 26.442 × sex  
(sex = 1 for female and 2 for male) 
Lumbar SMI (cm2 / m2):  
CSA at L3 (cm2) / height2 (m2)  
Outcome measurements 

The outcome measurements encompassed 
treatment response, quantified through complete 
response rates (CRR) and DFS evaluation, 
employing direct laryngoscopy and subsequent 
confirmation via positron emission tomography-
CT imaging. Complete response (CR) was defined 
as the complete disappearance of all clinical 
manifestations of the disease. DFS was defined 
as the duration from the conclusion of primary 
treatment to when the patient remained free from 
any discernible signs or symptoms of the cancer. 
The median follow-up duration for the patient 
cohort amounted to 26 months. 
Statistical analysis 

Descriptive statistics were employed, with 
continuous variables represented as the mean or 
median and discrete variables presented as 
frequencies and percentages. The statistical 
analysis was conducted using SPSS software, 
version 22 (Corp, Armonk, NY, USA). The 
assessment of the association between NLR, PLR, 
and MLR with various clinical and pathological 
parameters was executed. Correlation analysis 
and odds ratio calculations were performed to 
ascertain the correlation between NLR, PLR, 
SMI, and treatment outcomes. Receiver operating 
characteristic (ROC) curves were constructed to 

Table 1. Baseline characteristics of the patient cohort 
Parameter Value 

Mean age/ Median age 60.5 years/ 61 years 
Males: Females 8.6: 1  
Smokers 216 patients (90%) 
Comorbidities 48 patients (20%) 
Stage III and IV disease 48 patients (20%) and 192 patients (80%) 
Subsite (oro/ supra/ hypo) 66%/ 17.3%/ 16.7% 
Median radiotherapy dose 70Gy/35# @ 2Gy per fraction 
Median chemotherapy cycles 6 
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determine optimal cut-off values for various 
variables, ensuring appropriate sensitivity and 
specificity. The relationship between NLR, PLR, 
MLR, and DFS was assessed using Kaplan-Meier 
plots. A P-value of < 0.05 was deemed statistically 
significant. 

 
Results 

A total of 240 patients with LA-HNSCC, who 
were treated between 2016 and 2019, were 
included in this study. Table 1 presents the baseline 
characteristics of the patient cohort. The mean 
age of the patients was 60.5 years, and all of 
them exhibited a good performance status, with 
an Eastern Cooperative Oncology Group 
Performance Score (ECOG PS) of 0 or 1. Among 
the patients, 192 (80%) had stage IV disease, 
while 48 (20%) had stage III disease. The most 
prevalent subsite was the oropharynx (66%), 
followed by supraglottic laryngeal carcinomas 
(17.3%) and hypopharynx (16.7%). 

All patients received concurrent chemoradio-
therapy, with a median dose of 70 Gy delivered 
in 35 fractions using IMRT/VMAT/IGRT 
techniques on a Linear Accelerator (Clinac iX or 
TrueBeam STx - Varian). Additionally, all patients 
received concurrent chemotherapy along with 
radiation therapy, with a median number of 
chemotherapy cycles administered being 6 (range: 
3-7 cycles). The drugs used included concurrent 
cisplatin (92%) and carboplatin (8%), 
administered under the supervision of the medical 
oncology department. 

The mean NLR, PNR, and MLR were 4.15 
(range: 0.4 to 20.34), 176.14 (range: 31.44 to 

673.87), and 0.48 (range: 0.04 to 5.06), 
respectively. Table 2 displays the analysis of 
NLR, PLR, and MLR about the demographic 
profile of the patients. In elderly patients (>60 
years) and females, all three parameters were 
significantly higher. Among the subsites, laryngeal 
primaries had the highest values, followed by 
hypopharynx and oropharynx (Table 2). No 
significant correlation was found in patients with 
comorbidities. 

The median follow-up of the patients was 26 
months (6 to 48 months). At the time of analysis, 
132 patients had no evidence of disease, 54 had 
residual disease after completion of treatment, 
11 developed local recurrence disease, 15 had 
primary controlled but had regional recurrence, 
24 developed metastatic disease, and 4 developed 
2nd primary in head and neck region. Patients 
with complete response had lower mean NLR, 
PLR, and MLR values than those without 
complete response (2.9/ 142.19/0.39 vs. 5.3/ 
209.8/0.56). There was a significant positive 
correlation amongst all these three inflammatory 
parameters (correlation coefficient: 0.773 with 
P < 0.001). Interestingly, patients who developed 
metastases also had a higher value in all the 
inflammatory markers (4.5, 220, and 0.54, 
respectively) 

The average SMI of the entire patient cohort 
was 31.9 cm2/m2. Various SMI parameters are 
depicted in table 3. The previous study showed 
that patients with SMI of >32 cm2/m2 fared better 
than those with SMI<32 cm2/m2. In patients with 
SMI > 32 cm2/m2, the complete response rate 
was 68.7% as compared with 36.3% in those 

Table 2. Mean NLR and PLR values based on demographic and clinical profile 
Characteristic NLR PLR MLR 

Mean value 4.15 176.14 0.48 
Age < 60 years 3.51 162.87 0.43 
Age > 60 years 4.77 188.97 0.51 
Male 4.10 170.06 0.46 
Female 4.55 228.21 0.61 
Larynx 6.13 199.50 0.63  
Oropharynx 3.46 165.77 0.42 
Hypopharynx 3.91 182.17 0.49 
Complete response 2.90 142.19 0.39 
Without complete response 5.30 209.8 0.56 
NLR: Neutrophil lymphocyte ratio; PLR: Platelet lymphocyte ratio; MLR: Monocyte lymphocyte ratio 



Deep Shankar Pruthi et al.

Middle East J Cancer 2024; 15(3): 226-233230

patients with SMI < 32 cm2/m2.18 
Patients with significant sarcopenia (SMI< 32 

cm2/m2) had higher mean NLR, PLR, and MLR 
values than those with SMI>32 cm2/m2, as shown 
in table 4. The ROC curve cut-off values for 
NLR, PLR, and MLR were 3, 145, and 0.4, 
respectively (based on sensitivity and specificity 
of 70%). The odds of having sarcopenia, if NLR, 
PLR, or MLR were above the cut-off value, was 

1.2 but was not statistically significant. There 
was a negative correlation between NLR and 
SMI; however, it was not statistically significant 
(P = 0.127). On the contrary, there was a 
significant negative correlation between PLR and 
SMI (correlation coefficient -0.235, P  = 0.001) 
and between MLR and SMI (P  = 0.021).  

Patients with lower NLR and PLR values had 
significantly better complete response rates. These 

Table 3. SMI parameters for various subgroups 
Parameter Value 

SMI healthy volunteers (N=20) 43.16 cm2/m2 
SMI healthy males | Females 44.69 cm2/m2  |  37.06 cm2/m2 
 
SMI patient cohort 31.9 cm2/m2  
SMI patient cohort - Males | Females 32.78 cm2/m2 | 26.19 cm2/m2 
SMI: Skeletal muscle index 

Figure 1. This figure depicts: a) the DFS of two groups - NLR < 3 (in blue) and NLR > 3 (in green); b) the DFS of two groups - PLR < 
145 (in blue) and PLR > 145 (in green). 
DFS: Disease-free survival; NLR: Neutrophil lymphocyte ratio; PLR: platelet-lymphocyte-ratio 
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patients also had a higher value of SMI, as 
depicted in table 5.  

Patients with NLR < 3 had a higher SMI index 
and a better complete response rate. The odds 
ratio of getting a complete response in a patient 
with NLR < 3 as compared to with NLR > 3 was 
3.55 (confidence interval (CI): 2.08 - 6.06). 
Similarly, the odds ratio of getting a complete 
response in a patient with PLR < 145 as compared 
to with PLR > 145 was 2.22 (CI: 1.86 - 3.85), 
and for MLR < 0.4 as compared to MLR > 0.4, 
it was 2.24 (CI: 1.33 - 3.77).  

DFS at the end of one year was 56.7%. DFS 
was higher in patients with lower NLR (NLR < 
3 vs. NLR > 3) (20 months vs. 14 months), as 
shown in figure 1a. Similarly, DFS was higher 
in patients with lower PLR (PLR < 145 vs. PLR 
> 145) (18 months vs. 15 months) (Figure 1b) 
and with lower MLR (MLR < 0.4 vs. MLR > 
0.4) (17 months vs. 15 months) with a significant 
P value.  

 
Discussion 

The three primary inflammatory markers, NLR, 
PLR, and MLR, calculated using one of the 
simplest and cheapest blood investigations, 
complete blood count, were studied. It was found 
that these markers can be used as prognostic 
factors in treating LA-HNSCC treated with 
concurrent chemoradiotherapy. Higher values of 
these markers indicated a poor treatment response 
to poor DFS and were associated with sarcopenia. 

All three parameters had a higher value in 
elderly patients, female gender, and larynx 
primary. Similar findings were observed in a 
study by Yeona Cho et al.20 These biomarkers 
significantly impacted response rates and DFS. 
Patients with NLR < 3, PLR < 145, and MLR < 
0.4 had improved complete response rates and 
higher DFS, which was statistically significant. 
Similar results were found in a study done by 

Ping Ng in 848 patients. They found that pre-
treatment NLR (< 3) is an independent prognostic 
factor in patients of oropharyngeal cancer 
regardless of HPV status.17 Haddad et al. also 
showed that pretreatment NLR > 5 was prognostic 
for mortality.21 Jun Ma found that high NLR was 
associated with substantial disease burden, poor 
performance status, and worse survival.22 In an 
Indian study by Malik et al., the role of NLR and 
PLR were both studied in 400 patients of oral 
cancers. Similar results were obtained, with NLR 
> 5 and PLR > 200 associated with poorer 
outcomes.23  

Sarcopenia, characterized by a decline of 
skeletal muscle plus low muscle strength and/or 
physical performance, has emerged to be an 
important prognostic factor for advanced cancer 
patients. In a study previously published by the 
authors, sarcopenia in HNSCC patients receiving 
definitive chemoradiotherapy was shown to be 
an independent prognostic factor and was 
associated with worse treatment outcomes, more 
toxicities, and treatment interruptions. In that 
study, patients with SMI < 32 cm2m2 fared worse 
than those with SMI > 32 cm2m2.18 In this study, 
the objective was to determine whether these 
three biomarkers were associated with sarcopenia. 
The study found that patients with SMI < 32 
cm2m2 had higher mean NLR, PLR, and MLR 
values than those with SMI > 32 cm2m2. A clear 
and distinct association between sarcopenia and 
inflammation in cancer was observed. 

Inflammatory cytokines have been implicated 
in causing muscle waste, protein catabolism, and 
suppression of muscle synthesis. This is part of 
the cancer cachexia syndrome, which is 
characterized by involuntary loss of muscle and 
adipose tissue in patients with cancer or chronic 
inflammatory disease, which strongly affects the 
treatment outcome.24  

All these findings correlated well with each 

Table 4. Relationship between NLR, PLR, and SMI based on SMI cut-off values 
SMI NLR PLR MLR 

< 32 cm2/m2 4.73 191.08 0.53 
> 32 cm2/m2 3.50 159.76 0.42 
NLR: Neutrophil lymphocyte ratio; PLR: Platelet lymphocyte ratio; MLR: Monocyte lymphocyte ratio; SMI: skeletal muscle index 
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other. Patients with a high inflammatory burden 
(high NLR, PLR, and MLR) tend to have more 
muscle wasting (sarcopenia), and this, in turn, 
had a significant impact on treatment response 
and DFS.  

Previous studies have suggested that HPV co-
infection might affect the distribution of white 
blood cell count components and alter 
inflammatory responses in patients with 
oropharyngeal cancer.25 It is suggested that HPV-
positive oropharyngeal tumours should have a 
lower NLR value as compared with HPV-negative 
counterparts.26  

The study has a few limitations. Firstly, it is 
retrospective. Secondly, the impact of HPV 
infection (p16 analysis) with these inflammatory 
markers and sarcopenia was not studied. The 
study's major strength was the ability to 
prognosticate the patient at the time of presentation 
to the clinic based on a simple blood investigation. 
However, large-scale prospective studies need to 
be done to confirm this finding. 

 
Conclusion 

NLR, PLR, and MLR represent three 
inflammatory biomarkers that can be readily 
assessed through the primary and cost-effective 
complete blood count test. Research has 
consistently demonstrated their utility as 
independent prognostic indicators. Elevated values 
of these markers are indicative of an unfavorable 
treatment response, diminished DFS, and a 
correlation with sarcopenia. Adopting a 
classification system based on pretreatment 
hematologic markers is recommended to identify 
patients at a heightened risk of recurrence and 
diminished survival in cases of HNSCC. This 
approach will facilitate the early implementation 

of more aggressive interventions for such patients, 
allowing for better clinical management. 

 
Conflicts of Interest 

None declared. 
 

References 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre 

LA, Jemal A. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer 
J Clin. 2018;68(6):394-424. doi: 10.3322/caac.21492. 
Erratum in: CA Cancer J Clin. 2020;70(4):313.  

2. Forastiere AA, Zhang Q, Weber RS, Maor MH, 
Goepfert H, Pajak TF, et al. Long-term results of 
RTOG 91-11: a comparison of three nonsurgical 
treatment strategies to preserve the larynx in patients 
with locally advanced larynx cancer. J Clin Oncol. 
2013;31(7):845-52. doi: 10.1200/JCO.2012.43.6097.  

3. Lacas B, Carmel A, Landais C, Wong SJ, Licitra L, 
Tobias JS, et al. Meta-analysis of chemotherapy in 
head and neck cancer (MACH-NC): An update on 
107 randomized trials and 19,805 patients, on behalf 
of MACH-NC Group. Radiother Oncol. 2021;156:281-
93. doi: 10.1016/j.radonc.2021.01.013.  

4. Magnes T, Wagner S, Kiem D, Weiss L, Rinnerthaler 
G, Greil R, et al. Prognostic and predictive factors in 
advanced head and neck squamous cell carcinoma. 
Int J Mol Sci. 2021;22(9):4981. doi: 10.3390/ 
ijms22094981.  

5. Leoncini E, Vukovic V, Cadoni G, Pastorino R, Arzani 
D, Bosetti C, et al. Clinical features and prognostic 
factors in patients with head and neck cancer: Results 
from a multicentric study. Cancer Epidemiol. 2015; 
39(3):367-74. doi: 10.1016/j.canep.2015.02.004.  

6. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal 
DI, Nguyen-T‚ et al. Human papillomavirus and 
survival of patients with oropharyngeal cancer. N Engl 
J Med. 2010;363(1):24-35. doi: 10.1056/NEJMoa 
0912217.  

7. Habbous S, Harland LT, La Delfa A, Fadhel E, Xu W, 
Liu FF, et al. Comorbidity and prognosis in head and 
neck cancers: Differences by subsite, stage, and human 
papillomavirus status. Head Neck. 2014;36(6):802-

Table 5. Relationship between NLR, CRR, and SMI based on NLR and PLR cut-off values 
Parameter SMI CRR 

NLR < 3 34.5 62% 
NLR > 3 30.3 38% 
PLR < 145 32.9 59.5% 
PLR > 145 31.3 39.6% 
MLR < 0.4 31.6 52.4% 
MLR > 0.4 31.9 43.6% 
NLR: Neutrophil lymphocyte ratio; PLR: Platelet lymphocyte ratio; MLR: Monocyte lymphocyte ratio; SMI: Skeletal muscle index; CRR: Complete response rates 



Inflammatory Markers in Head and Neck Cancer 

Middle East J Cancer 2024; 15(3): 226-233 233

10. doi: 10.1002/hed.23360.  
8. Coussens LM, Werb Z. Inflammation and cancer. 

Nature. 2002;420(6917):860-7. doi:10.1038/nature 
01322. 

9. Balkwill F, Mantovani A. Inflammation and cancer: 
back to Virchow? Lancet. 2001;357(9255):539-45. 
doi:10.1016/S0140-6736(00)04046-0. 

10. Hanahan D, Weinberg RA. Hallmarks of cancer: the 
next generation. Cell. 2011;144(5):646-74. 
doi:10.1016/j.cell.2011.02.013. 

11. Diakos CI, Charles KA, McMillan DC, Clarke SJ. 
Cancer-related inflammation and treatment 
effectiveness. Lancet Oncol. 2014;15(11):e493-e503. 
doi:10.1016/S1470-2045(14)70263-3. 

12. Kim MR, Kim AS, Choi HI, Jung JH, Park JY, Ko 
HJ. Inflammatory markers for predicting overall 
survival in gastric cancer patients: A systematic review 
and meta-analysis. PLoS One. 2020;15(7):e0236445.. 
doi:10.1371/journal.pone.0236445. 

13. Lugano R, Ramachandran M, Dimberg A. Tumor 
angiogenesis: causes, consequences, challenges and 
opportunities. Cell Mol Life Sci. 2020;77(9):1745-70. 
doi:10.1007/s00018-019-03351-7. 

14. Conteduca V, Crabb SJ, Jones RJ, Caffo O, Elliott T, 
Scarpi E, et al. Persistent neutrophil to lymphocyte 
ratio >3 during treatment with Enzalutamide and 
clinical outcome in patients with castration-resistant 
prostate cancer. PLoS One. 2016;11(7):e0158952. doi: 
10.1371/journal.pone.0158952.  

15. Kim TW, Lee JH, Shim KH, Choo SH, Choi JB, Ahn 
HS, et al. Prognostic significance of preoperative and 
follow-up neutrophil-to-lymphocyte ratio and platelet-
to-lymphocyte ratio in patients with non-metastatic 
clear cell renal cell carcinoma. Investig Clin Urol. 
2019;60(1):14-20. doi: 10.4111/icu.2019.60.1.14.  

16. Choi JH, Suh YS, Choi Y, Han J, Kim TH, Park SH, 
et al. Comprehensive analysis of the neutrophil-to-
lymphocyte ratio for preoperative prognostic prediction 
nomogram in gastric cancer. World J Surg. 2018;42(8): 
2530-41. doi: 10.1007/s00268-018-4510-4.  

17. Ng SP, Bahig H, Jethanandani A, Sturgis EM, Johnson 
FM, Elgohari B, et al. Prognostic significance of pre-
treatment neutrophil-to-lymphocyte ratio (NLR) in 
patients with oropharyngeal cancer treated with 
radiotherapy. Br J Cancer. 2021;124(3):628-33. doi: 
10.1038/s41416-020-01106-x.  

18. Nagpal P, Pruthi DS, Pandey M, Yadav A, Singh H. 
Impact of sarcopenia in locally advanced head and 
neck cancer treated with chemoradiation: An Indian 
tertiary care hospital experience. Oral Oncol. 
2021;121:105483. doi:10.1016/j.oraloncology. 
2021.105483. 

19. Swartz JE, Pothen AJ, Wegner I, Smid EJ, Swart KM, 
de Bree R, et al. Feasibility of using head and neck 
CT imaging to assess skeletal muscle mass in head 
and neck cancer patients. Oral Oncol. 2016;62:28-

33. doi: 10.1016/j.oraloncology.2016.09.006.  
20. Cho Y, Kim JW, Yoon HI, Lee CG, Keum KC, Lee 

IJ. The prognostic significance of neutrophil-to-
lymphocyte ratio in head and neck cancer patients 
treated with radiotherapy. J Clin Med. 2018;7(12):512. 
doi:10.3390/jcm7120512 

21. Haddad CR, Guo L, Clarke S, Guminski A, Back M, 
Eade T. Neutrophil-to-lymphocyte ratio in head and 
neck cancer. J Med Imaging Radiat Oncol. 2015;59(4): 
514-9. doi:10.1111/1754-9485.12305. 

22. Ma SJ, Yu H, Khan M, Gill J, Santhosh S, Chatterjee 
U, et al. Evaluation of optimal threshold of neutrophil-
lymphocyte ratio and its association with survival 
outcomes among patients with head and neck cancer. 
JAMA Netw Open. 2022;5(4):e227567. doi: 10.1001/ 
jamanetworkopen.2022.7567.  

23. Malik A, Mishra A, Mair M, Chakrabarti S, Garg A, 
Singhvi H, et al. Role of neutrophil-to-lymphocyte 
ratio and platelet-to-lymphocyte ratio as prognostic 
markers in oral cavity cancers. Indian J Med Paediatr 
Oncol. 2019;40(1):94-100. doi: 10.4103/ijmpo. 
ijmpo_5_18. 

24. Ni J, Zhang L. Cancer cachexia: definition, staging, 
and emerging treatments. Cancer Manag Res. 2020; 
12:5597-605. doi: 10.2147/CMAR.S261585.  

25. Huang SH, Waldron JN, Milosevic M, Shen X, Ringash 
J, Su J, et al. Prognostic value of pretreatment 
circulating neutrophils, monocytes, and lymphocytes 
in oropharyngeal cancer stratified by human 
papillomavirus status. Cancer. 2015;121(4):545-55. 
doi: 10.1002/cncr.29100.  

26. Al-Sahaf S, Hendawi NB, Ollington B, Bolt R, Ottewell 
PD, Hunter KD, et al. Increased abundance of tumour-
associated neutrophils in HPV-negative compared to 
HPV-positive oropharyngeal squamous cell carcinoma 
is mediated by IL-1R signaling. Front Oral Health. 
2021;2:604565. doi: 10.3389/froh.2021.604565. 

 




