
Comparison of Tumor Infiltrating Lymphocyte Density with 
Histopathological Parameters and Effect on Prognosis in 
Head and Neck Squamous Cell Cancers

Objectives: The study aims to determine the ratio of the tumor-infiltrating lymphocytes (TIL) in the tumor microenvironment in 
squamous cell carcinoma of head and neck and its effect on prognosis using histopathological parameters.
Methods: The patients who underwent head and neck surgery with the diagnosis of squamous cell carcinoma of head and neck 
at Cerrahpaşa medical faculty ENT Clinic between January 2010 and November 2013 were included in this study. The age, gender, 
smoking status, alcohol use, radiologic images, and operation technique were analyzed for all patients. TNM pathologic staging, 
histologic differentiation grade, desmoplastic stromal reaction, vascular and perineural invasion, and lymph node metastasis were 
also evaluated. Representative hematoxylin-eosin stained slides from each block were cut and the ratio of tumor-infiltrating lym-
phocytes in tumor tissue was examined by an expert to confirm histology.
Results: In this study, 114 patients (105 males and 9 females) met inclusion criteria and were included. The mean age was 60.3±9.7 
(ranging from 27 to 85 years). TIL and desmoplastic stromal reaction were compared statistically to the extent of primary tumor, 
vascular and perineural invasion, lymph node metastasis and histological grade of the tumor. While there was no statistically sig-
nificant difference between TIL and these parameters, there was a statistically significant correlation between desmoplastic stro-
mal reaction and these parameters. Considering five years of patient survival, although TIL had a positive impact on the prognosis 
of the tumor, there was no statistically significant difference.
Conclusion: We suggest that besides TNM pathologic staging and histologic parameters, immune cells reacting to the tumor 
will be a distinctive factor in determining the prognosis and new treatment methods.  We believe that TIL will affect the current 
cancer treatments by increasing its anti-tumor effects and will give promising results in cancer immunotherapy.
Keywords: Desmoplastic stromal reaction; head and neck squamous cell carcinoma; histological parameters; tumor-infiltrating 
lymphocytes.
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Cancers occurring in the oral cavity, salivary glands, na-
sal cavity and paranasal sinuses, pharynx, larynx and 

lymph nodes in the upper part of the neck are called head 
and neck cancers. Although head and neck cancers rank 
lower than other types of cancer concerning their inci-
dence and mortality, they are of particular importance due 
to the anatomical and functional characteristics of their lo-
cation.[1]

Despite major advances in multidisciplinary treatment 
regimens for this important disease, how to improve long-
term survival remains an indisputable clinical issue. There 
is a need to identify more specific biomarkers in order to 
optimize the classification of patients and the choice of 
subsequent therapy and to develop more effective thera-
peutic approaches to treat head and neck cancers. In par-
ticular, cancer immunotherapy has altered existing cancer 
therapies by stimulating or activating the host anti-tumor 
immune response, and has shown durable and promising 
results in various cancers.[2] 

The determinative effects of biological factors, such as DNA 
content, immunological status of the tumor and circulat-
ing immune complexes on life expectancy, are still under 
investigation.

The immune system produces antibodies against bacteria 
and viruses because it perceives the infection as a danger 
signal. While tumor cells recognized by the immune system 
are most likely destroyed, cells that manage to hide from 
the immune system survive. Tumor-associated antigens are 
considered by the body as its own antigens, and the im-
mune response to these antigens remains insufficient. Tu-
mor cells that manage to escape from the immune system 
and adapt to the microenvironment become resistant to 
immune system cells. Another obstacle to the development 
of an effective immune response against the tumor is some 
immunosuppressive factors that the tumor releases.[3]

Based on this relationship between tumor cells and the im-
mune system, Burnett et al.[4] proposed the idea of immune 
surveillance in 1960 and suggested that tumor cells are rec-
ognized by the immune system. Today's modern immune 
surveillance theory emphasizes that a person's immune 
system has the ability to detect and destroy tumor cells. In 
addition, this theory argues that tumor cells are not passive 
targets for the immune system but have the ability to es-
cape and inactivate a person's immune system. This theory 
expresses the complexity of the interactions between tu-
mor cells and cells of the immune system or their products. 
As a result of these interactions, it is estimated that the im-
mune system cell, not the tumor cell, often dies.[2] 

It was noticed long years ago that lymphocytes, which are 
among the immune system cells, were in different num-

bers in malignant tumors. These lymphocytes were later 
defined as tumor-infiltrating lymphocytes (TILs).[5] TILs in-
clude antigen-specific B cells, Natural killer (NK) cells, adap-
tive immune effector cells and immunosuppressive cells 
and responsible for tumor regression by killing the tumor 
cell.[6] At first, these TILs were thought to indicate chronic 
inflammation in cancer; then it was discussed whether TILs 
created a good environment for cancer growth or emerged 
as an immune response against cancer.[5] The relationship 
between prognosis and immune cell infiltration was first 
established on breast cancer cases in 1949.[7] Later, this 
finding was shown to have prognostic significance. 

In advanced stages of tumors, such as colon, breast, head 
and neck cancers, the presence of TIL in the tumor area, has 
been shown to increase the life expectancy of the patient.[8] 

The effect of TILs on prognosis in different tumors has been 
evaluated in many studies. This study was planned to re-
veal the importance of TILs density and desmoplastic stro-
mal reaction in head and neck cancers. We aimed to com-
pare the density of TILs with histopathological parameters 
in head and neck squamous cell cancers and to evaluate its 
effects on prognosis and whether it can be used as a new 
prognostic marker in patients with head and neck cancers.

Methods
In this retrospective study, 114 patients who underwent 
head and neck surgery with the diagnosis of head and 
neck cancer at Cerrahpaşa medical faculty ENT Clinic be-
tween January 2010 and November 2013 were included. 
The tumors were staged according to the American Joint 
Committee on Cancer 2010 criteria. Age, gender, alcohol 
and smoking habits of the patients and tumor localization 
were recorded. Size of the tumor (T 1, 2, 3, 4), histological 
differentiation (well, moderate, poor), lymphocyte infil-
tration density showing immune response against tumor 
(mild: 1, moderate: 2, strong: 3), stromal reaction (weak: 1, 
medium: 2, strong: 3), presence or absence of vessel, peri-
neural and lymphovascular invasions, presence or absence 
of lymph node metastasis and perinodal extension, were 
evaluated. Local ethics committee approval was obtained 
for this study (Date: 06.04.2014, ethics committee decision 
83045809/604 / 02-6027). 

Evaluation of Intratumoral Inflammation
Pathological preparations were stained using Hematox-
ylin-Eosin, and sections were cut into paraffin blocks. All 
available sections for each patient were examined and the 
sections with the highest TIL density were selected. Ade-
noma, ulceration and necrotic areas were excluded. Tu-
mor-infiltrating lymphocytes (TIL) density was calculated 
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as the ratio of the area occupied by mononuclear cell infil-
trates over the entire stromal area (%TIL = area occupied 
by mononuclear cells in the tumor stroma/total stromal 
area). TIL density was evaluated at ×100 and ×400 magni-
fication and categorized as mild (<30%), moderate (>30% 
and <60%) and strong (>60%).

Statistical Analysis
"SPSS 21.0" statistical program was used for the statistical 
evaluation of the collected data. Pearson chi-square test 
(x2) and Pearson correlation analysis (r coefficient) were 
used in the evaluation. 

Mean±standard deviation and median (minimum, maxi-
mum) values were determined for the results. In evaluating 
whether the difference between results in relationships is 
statistically significant or not, a 'p' value less than 0.05 was 
considered statistically significant. 

Results
Of the 114 patients included in this study, 105 were male 
(92.1%) and nine were female (7.9%). The patients were min-
imum 27 and maximum 85 years old, with a mean age of 
60.3±9.7. 105 of the patients had the smoking habit and 20 
were alcohol users. Non-smoker was defined as '0' pack/year, 
the highest smoking rate as 144 packs/year, with a mean val-
ue of 43±28 packs. When 114 patients included in this study 
were evaluated according to the primary tumor location, 
laryngeal cancer was the majority with 97 patients (85.1%). 
10 (8.8%) of the other 17 patients had oral cavity cancer and 
seven (6.1%) had oropharyngeal cancer (Table 1).

When evaluated according to tumor size, nine patients 
(7.9%) were T1, 24 patients (21.1%) were T2, 32 patients 
(28.1%) were T3 and 49 patients (43.0%) were T4. When 

evaluated according to lymph node metastasis, 66 patients 
(57.9%) were N0, 13 patients (11.4%) were N1, 35 patients 
(30.7%) were N2; and among the N2s, one patient was N2a, 
16 patients were N2b and 18 patients were N2c. None of 
the patients were evaluated as N3. None of the patients 
had distant metastases at the time of diagnosis. When 
evaluated according to their stages, seven of the patients 
were stage I (6.1%), 16 were stage II (14%), 20 were stage 
III (17.5%) and 71 were stage IV (62.3%). Patients with a his-
topathology of squamous cell carcinoma were included in 
the study group. According to the pathology results, three 
patients (2.6%) were grade 1, 56 patients (49.1%) were 
grade 2 and 55 patients (48.2%) were grade 3 (Table 2).

Blood vessel invasion was detected in 71 patients (62.3%) 
and no invasion was detected in 43 patients (37.7%). Lym-
phatic invasion was detected in 101 patients (88.6%), while 
13 patients (11.4%) had no invasion. Perineural invasion 
was detected in 80 patients (70.2%), while there was no 
perineural invasion in 34 patients (29.8%). Perinodal exten-
sion was not detected in 92 patients (80.7%), while 22 pa-
tients (19.3%) had perinodal extension (Table 3).

When the density of TILs was examined, it was noted that 
as mild in 18 patients, as moderate in 64 patients, and as 
strong in 32 patients. Regarding the desmoplastic stromal 
reaction, 19 (16.7%) patients had weak, 70 (61.4%) had 
medium and 25 (21.9%) had strong desmoplastic reaction 
(Table 4).

Table 1. Patient characteristics

Total number of patients 114
Gender 
 Female 9
 Male 105
 Mean age 60.3±9.7
Localization
 Larynx 97
 Oral cavity 10
 Oropharynx 7
Smoking 
 Yes 105
 No 9
Alcohol consumption 
 Yes 20
 No 94

Table 2. Histopathological characteristics of the tumor 1

 0 1 2 3 4

T  9 24 32 49
N 66 13 35 0 
Stage  7 16 20 71
Grade  3 56 55

Tablo 3. Histopathological characteristics of the tumor 2

 Blood vessel Lymphatic Perineural Perinodal
 invasion invasion invasion extension

Yes 71 101 80 22
No 43 13 34 92

Tablo 4. Histopathological characteristics of the tumor 3

 Tumor-infiltrating Desmoplastic stromal
 lymphocytes reaction

Weak 18 19
Moderate 64 70
Strong 32 25
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TIL density was compared with tumor size, lymphatic in-
vasion, blood vessel invasion, perineural invasion, lymph 
node metastasis and perinodal extension, and no statisti-
cally significant difference was found between them. When 
the relationship with histological grade was examined, the 
findings showed that the decrease in TIL density (Pearson's 
R: 0.083) and desmoplastic stromal reaction (Pearson's R: 
0.019) was significantly lower in poorly differentiated tu-
mors than well-differentiated tumors, but no statistically 
significant difference was found. Compared with the stage, 
a low level of significant decrease in the density of TILs 
(Pearson's R: -0.101) was detected in advanced stage tu-
mors, but no statistically significant difference was found. 

When desmoplastic stromal reaction was compared with 
tumor size (p=0.014), lymphatic invasion (p=0.000), blood 
vessel invasion (p=0.037), perineural invasion (p=0.002) 
and stage (p=0.006), statistically significant results were 
found between them. Thus, as the tumor stage and spread 
progressed, desmoplastic stromal reaction against the tu-
mor increased. This situation shows that with the increase 
in tumor cell density, the immunological response to the 
tumor becomes evident (Table 5).

Considering the 5-year survival rates of the patients, al-
though TILdensity and desmoplastic stromal reaction had 
a positive effect on prognosis, no statistically significant 
difference was found.

Discussion
The relationship between cancer development and chron-
ic inflammation has been discussed for many years.[9] The 
majority of inflammatory cells, such as neutrophils, mono-
cytes, macrophages, eosinophils, mast cells and lympho-
cytes, accumulate during injury and infection, and may 
contribute to the formation, progression or regression of 
cancer.[9, 10] 

It has been reported that lymphoplasmacytic infiltration 
surrounding the tumor stroma shows an immune response 
that develops against the tumor.[11] High density of TILs rep-
resenting a potent intratumoral inflammatory response is 
considered a good prognostic marker in many malignancies, 

such as breast cancer,[12] colon cancer[13] and gastric cancer.[14] 
In addition, it has been shown that high levels of intratumor-
al immune cell infiltrates in head and neck squamous cell 
carcinomas are associated with superior patient survival.[15-18]

There are also publications reporting that lymphoplasma-
cytic infiltration negatively affects survival. Scott et al.[19] 
showed in their series of 106 cases of inoperable non-small 
cell lung tumors that the systemic inflammatory effect re-
duced the patient's quality of life and negatively affected 
the prognosis. 

Increase of inflammatory cells in tumoral tissue and sur-
rounding normal parenchymal tissue has also been found 
to be associated with increased tumor grade and aggres-
sive course. According to Kolbeck et al.'s small study with 
24 cases, increased lymphocytic cell infiltration in the tu-
mor increased the recurrence of the tumor.[20]

Lamb et al.[21] found no relationship between local lympho-
cytic infiltration and survival in these tumors.

Inflammation has been seen as a feature of carcinogene-
sis and affects many malignancy aspects, including the 
occurrence, progression and spread of cancer.[22] TILs were 
thought to indicate chronic inflammation in cancer, and 
then it was discussed whether they created a good en-
vironment for cancer growth or emerged as an immune 
response against cancer.[5] In a study, it was reported that 
laryngeal squamous cell cancer patients had a marked 
increase in inflammatory response when compared with 
chronic hypertrophic laryngitis and normal controls.[23]

In squamous cell cancers of the larynx, the infiltration of 
immune cells, such as mast cells, neutrophils and macro-
phages can produce small molecules, such as cytokines, 
chemokines and growth factors that support carcinogene-
sis and tumor angiogenesis. It activates tumors to avoid the 
host immune response as well as produce more immune 
cells.[24] In addition, squamous cell carcinomas themselves 
can overexpress cytokines with their proinflammatory, pro-
angiogenic and immunoregulatory activity.[23, 25]

Studies on head and neck cancers have generally found 
that lymphoplasmacytic infiltration and stromal response 

Table 5. The relationship of stromal reaction with histopathological parameters

Desmoplastic stromal reaction   T    Lymphatic   Blood vessel  Perineural    Stage
       invasion   invasion   invasion    

 1 2  3 4 Yes  No Yes  No Yes  No 1 2  3 4

Weak 5 3  6 5 10  9 7  12 7  12 4 3  6 6
Moderate 3 19  17 31 67  3 46  24 53  17 2 12  8 48
Strong 1 12  9 13 24  1 18  7 20  5 1 1  6 17
P   0.014   0.000   0.037   0.002    0.006
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are associated with survival, but there is no clear informa-
tion on this subject. Shuichi Kawashirive et al. investigated 
the importance of stromal desmoplasia and appearance of 
myofibroblasts in anterior oral cavity squamous cell can-
cers and showed that the appearance of myofibroblast in-
creased with tumor invasiveness and lymph node metasta-
sis occurred more frequently in the myofibroblast-positive 
group, and the 5-year survival rate was significantly worse 
in this group.[26]

Vassilakopoulou et al.[16] reported that increased TIL density 
in laryngeal squamous cell carcinomas was associated with 
higher survival. In our study, the relationship between TIL 
density and desmoplastic stromal reaction with patient sur-
vival was evaluated, and although it had a positive effect on 
prognosis, no statistically significant result was found. When 
we evaluated the relationship between desmoplastic stromal 
reaction and TIL density and the histological grade of the tu-
mor, the decrease in TIL density (Pearson's R: -0.083) and des-
moplastic stromal reaction (Pearson's R: -0.019) was found to 
be low level significant in poorly differentiated tumors, but 
no statistically significant difference was found. This may in-
dicate that the stromal reaction is insufficient in invasive and 
low-grade tumors and cannot prevent tumor spread. This 
decrease in desmoplastic stromal reaction and TIL density in 
poorly differentiated tumors may be due to the tumor's im-
munological bypassing the defense system more easily or an 
independent mechanism taking part in this process. 

Conclusion
In the light of all this information, we anticipate that be-
sides clinical TNM staging, histopathological parameters 
should be evaluated in detail at the stage of diagnosis and 
treatment plan, patient selection should be made well in 
planning treatment, and immune cells against cancer will 
guide the prognosis and determination of new treatment 
models. Especially in cancer immunotherapy, we think that 
by increasing the anti-tumor effects of TILs and by awak-
ening or activating the host anti-tumor immune response, 
existing cancer therapies will be changed and will give du-
rable and promising results in various cancers.

Disclosures

Ethics Committee Approval: Istanbul University Cerrahpaşa 
Faculty of Medicine Ethics Committee (88931902/615).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – E.S., H.M.Y.; Design – E.S., 
H.M.Y., Y.Z.Y.; Supervision – E.S., H.M.Y.; Data collection &/or pro-
cessing – E.S., O.T., H.D.; Analysis and/or interpretation – E.S., 
H.M.Y., T.T.; Literature search – E.S., T.T.; Writing – E.S., H.M.Y., O.T.; 
Critical review – H.M.Y.

References
1. Clayman GL, Lippman SM, Laramore GE, Hong WK. Neoplasms of 

head and neck. In: Bast RC, Kufe DW, Pollock RE, Weichselbaum 
RR, Holland JF, Frei E, editors. Cancer medicine. 5th ed. London: 
BC Decker Inc; 2000. p. 1173–220.

2. Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint 
blockade. Science 2018;359:1350–5. [CrossRef ]

3. Zhang L, Zhou W, Velculescu VE, Kern SE, Hruban RH, Hamilton SR, 
et al. Gene expression profiles in normal and cancer cells. Science 
1997;276:1268–72. [CrossRef ]

4. Sulek K. Nobel prize for F. M. Burnett and P. B. Medawar in 1960 
for discovery of acquired immunological tolerance. Wiad Lek 
1969;22:505–6.

5. Rollins BJ. Inflammatory chemokines in cancer growth and pro-
gression. Eur J Cancer 2006;42:760–7. [CrossRef ]

6. Hussein MR, Elsers DA, Fadel SA, Omar AE. Immunohistological 
characterisation of tumour infiltrating lymphocytes in melano-
cytic skin lesions. J Clin Pathol 2006;59:316–24. [CrossRef ]

7. Moore OS Jr, Foote FW Jr. The relatively favorable prognosis of 
medullary carcinoma of the breast. Cancer 1949;2:635–42. [CrossRef]

8. Whiteside TL. Tumor Infiltrating Lymphocytes in Human Malig-
nancies. Medical Intelligence Unit, R.G. Landes Co; Austin, TX: 
1993. 

9. Federico A, Morgillo F, Tuccillo C, Ciardiello F, Loguercio C. Chron-
ic inflammation and oxidative stress in human carcinogenesis. Int 
J Cancer 2007;121:2381–6. [CrossRef ]

10. Nelson D, Ganss R. Tumor growth or regression: powered by in-
flammation. J Leukoc Biol 2006;80:685–90. [CrossRef ]

11. Underwood JC. Lymphoreticular infiltration in human tumours: 
prognostic and biological implications: a review. Br J Cancer 
1974;30:538–48. [CrossRef ]

12. Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri 
G, et al; International TILs Working Group 2014. The evaluation 
of tumor-infiltrating lymphocytes (TILs) in breast cancer: recom-
mendations by an International TILs Working Group 2014. Ann 
Oncol 2015;26:259–71. [CrossRef ]

13. Turner N, Wong HL, Templeton A, Tripathy S, Whiti Rogers T, Crox-
ford M, et al. Analysis of local chronic inflammatory cell infiltrate 
combined with systemic inflammation improves prognostication 
in stage II colon cancer independent of standard clinicopatholog-
ic criteria. Int J Cancer 2016;138:671–8. [CrossRef ]

14. Kang BW, Seo AN, Yoon S, Bae HI, Jeon SW, Kwon OK, et al. Prognos-
tic value of tumor-infiltrating lymphocytes in Epstein-Barr virus-as-
sociated gastric cancer. Ann Oncol 2016;27:494–501. [CrossRef]

15. Nguyen N, Bellile E, Thomas D, McHugh J, Rozek L, Virani S, et al; 
Head and Neck SPORE Program Investigators. Tumor infiltrating 
lymphocytes and survival in patients with head and neck squa-
mous cell carcinoma. Head Neck 2016;38:1074–84. [CrossRef ]

16. Vassilakopoulou M, Avgeris M, Velcheti V, Kotoula V, Rampias T, 
Chatzopoulos K, et al. Evaluation of PD-L1 Expression and Associ-

https://doi.org/10.1126/science.aar4060
https://doi.org/10.1126/science.276.5316.1268
https://doi.org/10.1016/j.ejca.2006.01.002
https://doi.org/10.1136/jcp.2005.028860
https://doi.org/10.1002/1097-0142(194907)2:4%3C635::AID-CNCR2820020411%3E3.0.CO;2-Q
https://doi.org/10.1002/ijc.23192
https://doi.org/10.1189/jlb.1105646
https://doi.org/10.1038/bjc.1974.233
https://doi.org/10.1093/annonc/mdu450
https://doi.org/10.1002/ijc.29805
https://doi.org/10.1093/annonc/mdv610
https://doi.org/10.1002/hed.24406


443Sari et al., Histopathology of Tumor Infiltrating Lymphocyte Density / doi: 10.14744/SEMB.2019.48208

ated Tumor-Infiltrating Lymphocytes in Laryngeal Squamous Cell 
Carcinoma. Clin Cancer Res 2016;22:704–13. [CrossRef ]

17. Badoual C, Hans S, Merillon N, Van Ryswick C, Ravel P, Benham-
ouda N, et al. PD-1-expressing tumor-infiltrating T cells are a fa-
vorable prognostic biomarker in HPV-associated head and neck 
cancer. Cancer Res 2013;73:128–38. [CrossRef ]

18. Balermpas P, Michel Y, Wagenblast J, Seitz O, Weiss C, Rödel F, et 
al. Tumour-infiltrating lymphocytes predict response to defin-
itive chemoradiotherapy in head and neck cancer. Br J Cancer 
2014;110:501–9. [CrossRef ]

19. Scott HR, McMillan DC, Forrest LM, Brown DJ, McArdle CS, Mil-
roy R. The systemic inflammatory response, weight loss, perfor-
mance status and survival in patients with inoperable non-small 
cell lung cancer. Br J Cancer 2002;87:264–7. [CrossRef ]

20. Kolbeck PC, Kaveggia FF, Johansson SL, Grune MT, Taylor RJ. The 
relationships among tumor-infiltrating lymphocytes, histopatho-
logic findings, and long-term clinical follow-up in renal cell carci-
noma. Mod Pathol 1992;5:420–5.

21. Lamb GW, McArdle PA, Ramsey S, McNichol AM, Edwards J, Aitchi-
son M, et al. The relationship between the local and systemic in-

flammatory responses and survival in patients undergoing resec-
tion for localized renal cancer. BJU Int 2008;102:756–61. [CrossRef ]

22. Mantovani A. Cancer: Inflaming metastasis. Nature 2009;457:36–
7. [CrossRef ]

23. Meng CD, Zhu DD, Jiang XD, Li L, Sha JC, Dong Z, et al. Overex-
pression of interleukin-l7 in tumor-associated macrophages is 
correlated with the differentiation and angiogenesis of laryngeal 
squamous cell carcinoma. Chin Med J (Engl) 2012;125:1603–7.

24. Gastardelo TS, Cunha BR, Raposo LS, Maniglia JV, Cury PM, Lisoni 
FC, et al. Inflammation and cancer: role of annexin A1 and FPR2/
ALX in proliferation and metastasis in human laryngeal squa-
mous cell carcinoma. PLoS One 2014;9:e111317. [CrossRef ]

25. Chen Z, Malhotra PS, Thomas GR, Ondrey FG, Duffey DC, Smith 
CW, et al. Expression of proinflammatory and proangiogenic cy-
tokines in patients with head and neck cancer. Clin Cancer Res 
1999;5:1369–79. 

26. Kawashiri S, Tanaka A, Noguchi N, Hase T, Nakaya H, Ohara T, et al. 
Significance of stromal desmoplasia and myofibroblast appear-
ance at the invasive front in squamous cell carcinoma of the oral 
cavity. Head Neck 2009;31:1346–53. [CrossRef ]

https://doi.org/10.1158/1078-0432.CCR-15-1543
https://doi.org/10.1158/0008-5472.CAN-12-2606
https://doi.org/10.1038/bjc.2013.640
https://doi.org/10.1038/sj.bjc.6600466
https://doi.org/10.1111/j.1464-410X.2008.07666.x
https://doi.org/10.1038/457036b
https://doi.org/10.1371/journal.pone.0111317
https://doi.org/10.1002/hed.21097

