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Abstract

The incidence of early onset oral tongue squamous cell carcinoma (OTC) has been increasing in 

the United States, and no clear etiology has been identified. Studies on this topic have generally 

been small and presented varied results. The goal of this review is to analyze and synthesize the 

literature regarding early onset OTC risk factors, outcomes, and molecular analyses within the US. 

To date, studies suggest that early onset OTC patients tend to have less heavy cigarette use than 

typical onset patients, but there may be an association between early onset OTC and smokeless 

tobacco (chewing tobacco and snuff) use. Early onset OTC is associated with similar or possibly 

improved survival compared to typical onset OTC. There has been no evidence to support a 

significant role for human papillomavirus in development of early onset OTC. Further research 

with larger cohorts of these patients is needed to better characterize this disease entity.
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INTRODUCTION

Tobacco use in the US has been declining over the last few decades, and with it, the 

incidence of many types of head and neck cancer (HNC).[1, 2] However, the incidence of 

two head and neck cancers, oropharyngeal squamous cell carcinoma (OPC) and oral tongue 

squamous cell carcinoma (OTC), are rising.[3] These increases are primarily occurring 
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within younger birth cohorts – those less than 50 years of age.[3] The rise in incidence of 

OPC among young individuals has been attributed to human papillomavirus (HPV) 

infection, yet for OTC, no single cause has been identified.[4]

Anatomically, OTC is defined as cancer occurring in the anterior two-thirds of the tongue, 

which is located in the oral cavity and extends from the apex of the tongue anteriorly to the 

circumvallate papillae posteriorly. This is in contrast to base of tongue cancer, which occurs 

in the posterior one-third of the tongue and is located within the oropharynx. OTC may 

spread secondarily to the base of tongue or other contiguous oral cavity subsites (such as the 

floor of mouth, gingiva, mandible, and beyond), but it is defined by its origination from the 

oral tongue. Like most head and neck cancers, OTC is overwhelmingly squamous cell 

carcinoma (SCC).

Despite the rapid increase in incidence of early onset OTC in the US, few studies have 

investigated possible risk factors, patient outcomes, and tumor somatic mutations, and many 

studies have reported conflicting findings. The objective of this review is to synthesize the 

existing literature on early onset OTC within the US, attempt to reconcile some the 

conflicting findings within the field, and suggest areas for future research. Only US-based 

studies with specific early onset OTC analyses for either risk factors, outcomes (survival 

and/or recurrence), or tumor molecular analyses were included.*

RISK FACTORS

Tobacco

Multiple studies have investigated tobacco use as a risk factor for early onset OTC (Table 1).

[5–14] However, the majority of studies were published before the year 2000 and included 

only small numbers of early onset patients (range: 6 to 68).[5–11] As a whole, the literature 

suggests that early onset OTC patients may have less heavy cigarette use when compared to 

older patients. Some studies indicate a possible association between smokeless tobacco 

products and early onset OTC.

The earliest studies looking at tobacco and early onset OTC investigated cigarette use only. 

Small case series showed that less than 10% of early onset OTC patients had a history of 

heavy smoking.[5–7] Mild to moderate (< 5 pack-years) cigarette smoking was seen in 

roughly half of patients.[6, 7] In a more comprehensive study, Friedlander et al. reported no 

significant difference in cigarette use between younger and older patients with OTC (40% 

vs. 58%, respectively).[10]

Over the recent decades, cigarette use has become less common and smokeless tobacco 

products are increasing in popularity.[2, 15] This trend is most apparent among younger 

male birth cohorts, and the prevalence of male users of smokeless tobacco under age 35 has 

risen from 2% to nearly 7% since 1970.[15, 16] Yet, only four studies have included 

*Abbreviations: HNC – head and neck cancer; OPC – oropharyngeal squamous cell carcinoma; OTC – oral tongue squamous cell 
carcinoma; HPV – human papillomavirus; SCC – squamous cell carcinoma; aOR – adjusted odds ratio; OS – overall survival; DSS – 
disease-specific survival; DFS – disease-free survival; PCR – polymerase chain reaction; IHC – immunohistochemistry; LOH – loss of 
heterozygosity; MSI – microsatellite instability; NA – not available; CP – conformation polymorphism; WES – whole exome 
sequencing; ISH – in situ hybridization
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smokeless tobacco products in their analyses of early onset OTC risk factors.[8, 9, 11, 14] In 

a review of MD Anderson patients in 1988, Schantz et al. found that the proportion of early 

onset OTC patients that had a tobacco (cigarette or chewing tobacco) use history decreased 

from 64% to 35% between 1944 and 1984.[8] Sarkaria & Harari also looked at chewing 

tobacco use in early onset OTC patients, but their findings were limited by small sample size 

as 4 of 6 patients had either a history of cigarette or chewing tobacco use.[9]

We recently conducted the largest study to date to look at early onset OTC risk factors in the 

US (N = 395 [113 early onset]) and were able to identify specific use histories for the 

different available tobacco products through the use of a comprehensive head and neck clinic 

intake form. This form is completed by all new clinic patients and asked for the amount and 

duration of use of alcohol and tobacco (cigarette, cigar, pipe, snuff, chewing tobacco) 

products. For early onset patients, 54% had a tobacco use history versus 68% of typical 

onset patients. Early onset OTC patients were significantly more likely to report snuff use 

than patients with typical onset OTC (12.4 vs. 2.8%; adjusted odds ratio [aOR]: 5.4) and 

significantly less likely to be former cigarette smokers (20.4% vs. 33.7%; aOR: 0.5). No 

other associations between specific tobacco products (pipe, cigar, chewing tobacco) and 

early onset OTC were identified.[14]

Alcohol

Several studies have also looked at alcohol use in early onset OTC (Table 1).[5–7, 10–14, 

17] These studies also tended to have small (range: 8 to 36) early onset OTC cohorts and 

were primarily performed before the year 2000. There is also a lack of consistent and 

reliable categorization of alcohol use, which does not adequately capture the wide spectrum 

of alcohol use in the US. Some studies grouped patients with any history of alcohol use, 

regardless of consumption per week, into one group for analyses.[10, 12, 17] Others used 

heavy and/or social alcohol use categories for further subset analyses, but most failed to 

define these terms.[5–7, 11, 13] This heterogeneity precludes any strong conclusions 

regarding alcohol use and early onset OTC. Friedlander et al. found no significant difference 

in alcohol use between young and old patients with OTC, but alcohol use was also not 

clearly defined in this study.[10] A recent study by our group stratified alcohol use by drinks 

per week using CDC guidelines both at the time of diagnosis and in the years prior. We 

identified a trend towards less heavy alcohol use (15+ drinks/week for males, 8+ drinks/

week for females) among patients with early onset OTC, but this did not reach statistical 

significance.[14]

Two studies grouped their risk factor analyses. Siegelmann-Danieli et al. looked at combined 

tobacco (cigarette, cigar, and chewing tobacco) and alcohol use in patients with OTC and 

demonstrated that there was significantly less tobacco and alcohol use among younger 

patients (40% vs. 82%, respectively).[11] Another study, which compared young never-

smokers/never-drinkers and young smoker-drinkers with HNC, found that young never-

smokers/never-drinkers were significantly more likely to have OTC than their smoker-

drinker counterparts.[13]
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Other

Other factors have been hypothesized to play a role in the development of early onset OTC, 

such as poor dental hygiene, denture use, presence of precursor tongue lesions (glossitis, 

leukoplakia, lichen planus), prior radiation exposure, and chronic immunosuppression, but 

these studies have been purely observational.[5–7, 11] Byers noted that all 11 patients in his 

initial case series had good to excellent dental hygiene.[5] In another case series by 

Amsterdam & Strawitz, 3 out of the 8 (37.5%) early onset OTC patients had a potential 

chemical exposure.[6] One patient in the case series by Newman et al. had a history of head 

and neck radiation, but there was no history of leukoplakia, glossitis, poor oral hygiene, or 

denture use in any of the other cases.[7] In the most comprehensive assessment of other risk 

factors to date, Siegelmann-Danieli et al. assessed six other factors besides alcohol and 

tobacco use. They identified one early onset OTC patient with chronic immunosuppression 

and two with a history of oral lichen planus. Interestingly, in this study, two patients had a 

possible genetic predisposition and 13 patients had no identifiable risk factors for OTC.[11]

OUTCOMES

Survival

Over time, the reported survival rates for patients with early onset OTC has roughly 

transitioned from worse, to similar, and most recently, to better than typical onset OTC 

(Table 2).[5–7, 9–12, 14, 18–25] In early studies of early onset OTC patients, it was 

suggested that these patients had worse overall survival (OS) than their typical onset 

counterparts. These reports were small case series ranging from 8 to 13 patients and reported 

2-year survival rates for early onset OTC ranged from 27% to 57%.[5–7, 19] These 

measured rates were compared to reported rates for OTC survival since each of these studies 

lacked a typical onset OTC control group. It is worth noting, however, that one early 

combined study from Norway and the US demonstrated improved OS and disease-specific 

survival (DSS) of patients with early onset OTC. Survival decreased as a function of age 

with 5-year OS rates of around 65%, 40%, and 20% for under 40, 40–59, over 60 years of 

age respectively.[18]

Larger studies evaluating survival of patients with early onset OTC have been since been 

performed.[9–12, 14, 18, 20–25] Within these, the report by Sarkaria & Harari was similar 

to the prior small case series and reported that there is worse survival for patients with early 

onset OTC. Only 2 out of 6 (33%) of the original early onset OTC patients from this study 

survived. However, the authors also calculated a higher OS rate of 53%, similar to typical 

OTC survival, through a literature review of early onset OTC cases to date.[7]

The next cluster of studies demonstrated that there was no difference in both disease-free 

survival (DFS) and OS for OTC patients by age of diagnosis. Reported survival for OTC 

patients varied by study (3-year DFS of 53% to 55%, 5-year DFS of 47% to 69%, 5-year OS 

of 49% to 76%), but no study found a significant difference in survival rate between early 

onset and typical onset OTC patients.[10–12, 20, 21] In 2011, Patel et al. found no 

significant differences in DSS among males and females with early onset OTC (69.7% and 

74.1% respectively) and patients with typical onset OTC (64.1%).[25]
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Since the year 2000, early onset OTC patients have mostly been shown to have improved 

survival when compared to typical onset OTC.[14, 22–24] Most of these studies utilized 

SEER data to compile large cohorts of OTC patients and stratify by age group. Davidson et 

al. showed that OTC patients diagnosed after age 60 had significantly worse DSS than OTC 

patients diagnosed before age 40.[12] Schantz & Yu confirmed these findings one year later 

in a study of over 12,000 OTC patients where early onset OTC patients (< 40 years) had 5-

year OS rates of 70.6% compared to 49.8% and 45.8% for patients aged 40–65 and older 

than 65 respectively.[23] Joseph et al. conducted a SEER data study and showed that age 

greater than 50 was associated with significantly increased risk of death in an all-female 

OTC population.[24] Finally, a large institution based study performed by our group, also 

showed that early onset patients had a significantly improved OS.[14]

Despite this recent consistency, the body of literature is difficult to interpret completely due 

to the use of differing survival endpoints, such as OS, DFS, and DSS, and the lack of 

correction for age-related mortality and comorbidities. The earlier studies, which reported 

worse survival, also trend towards a younger age cutoff for early onset OTC (<30 and <35 

years).[5–7] Therefore, it is possible that these studies are capturing a distinct subset of early 

onset OTC, which continues to have worse survival but is diluted with younger (35–45 

years) patients in more recent studies. Most of the more recent studies that have reported 

better early onset OTC survival use OS as the primary endpoint. In these studies, early onset 

OTC patients may simply have better OS because they are younger and have less underlying 

health issues. Finally, general improvements in surgical technique and radiation/

chemotherapy regimens could play a role in the changing reports of survival for early onset 

patients.

Recurrence

While survival is a critical endpoint, OS is not necessarily a reflection of inherent tumor 

biology. Disease recurrence and DSS speak more directly to the inherent prognostic 

differences in younger versus older patients. Few studies have assessed the risk of recurrence 

in patients with early onset OTC, and only one study has been performed since the year 

2000. Early case series suggested that early onset OTC had high recurrence rates of 50 to 

70%, primarily at regional sites.[6, 9] Larger studies comparing early onset and typical onset 

OTC recurrence rates have found mixed results. Both Friedlander et al. and Vargas et al. 

showed that younger patients had significantly higher rates of recurrence than older patients.

[10, 21] In the study by Friedlander et al., younger patients had significantly higher rates of 

locoregional recurrence (44% vs 22%).[10] Among female patients, Vargas et al. reported 

that those with early onset OTC patients recurred earlier (mean time to recurrence: 14 vs. 40 

months) and more frequently (65% vs 41%).[21] On the other hand, studies by Siegelmann-

Danieli et al. and Campbell et al. found no difference in recurrence rates between early onset 

and typical onset patients.[11, 14] In these studies, 5-year recurrence rates ranged between 

44% and 53%.[11, 14]
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MOLECULAR ANALYSES

Molecular testing of early onset OTC has been the focus of more recent research. These 

analyses have primarily focused on cell cycle markers, mainly p53, and HPV. Much like the 

research of early onset OTC risk factors and outcomes, the study of cell cycle markers in 

OTC pathogenesis has produced widely variable results and few strong conclusions (Table 

3).[17, 26–32] On the other hand, there is a general consensus that HPV infection is not a 

primary etiology of early onset OTC or OTC in general (Table 3).[30, 32–35]

Cell cycle markers

Molecularly, “traditional” head and neck SCC patients are thought to have overexpression of 

EGFR and p53 mutations, whereas younger patients are thought to express wild-type p53.

[30] Sorenson et al. performed polymerase chain reaction (PCR) and immunohistochemical 

(IHC) staining for p53 in 11 patients with early onset OTC. Only 2 of 11 (18%) tumors had 

p53 mutations, and of these, one had strong p53 staining. Both of these patients had a history 

of alcohol and tobacco use, and from this, the authors concluded that p53 was not a driver of 

early onset OTC in non-smokers and non-drinkers.[17] These findings were supported by a 

study by Li et al., which used whole exome sequencing on 89 early onset OTCs. When 

grouped by smoking status, non-smokers were significantly younger (50.4 vs. 61.9 years) 

and less likely to have p53 mutations (12.5 vs. 70%).[32]

Two studies concluded that the role of p53 in OTC did not vary by patient age. Regezi et al. 

identified similar proportions (50 vs. 67%) of lateral tongue cancers with p53 overexpression 

in young (<35 years) and elderly (>75 years) patients respectively.[27] Jin et al. looked for 

loss of heterozygosity (LOH) and microsatellite instability (MSI) at the TP53 (17p13) locus 

and found that 42% of early onset OTC patients had mutations. These mutation rates were 

not significantly different from rates reported for typical onset OTC in the literature.[26]

More recent studies have shown that p53 may play more of a role in early onset OTC. In a 

study of early onset OTC patients with no tobacco exposure, 81% of tumors had p53 

overexpression without any detectable mutations in p53 exons 5–9. This suggests that p53 

plays some role in early onset OTC pathogenesis, but mutations occur outside the typical 

mutation patterns.[28] Other studies have identified increased p53 mutation and expression 

in early onset tumors (59–93%) when compared to typical onset tumors, however, these 

trends have failed to reach statistical significance.[29–31] While some recent studies have 

established gain of function mutations in p53 as having clinical importance for tumor 

biology in head and neck SCC, we are not aware of any specific research on the type of p53 

mutations in early versus typical onset OTC.[36]

Aside from p53, several studies have looked into the role of other cell cycle markers in early 

onset OTC pathogenesis. No differences in expression of p21, Rb, and MDM2 between early 

and typical onset tumors have been found.[27, 28] Harris et al. identified high levels of 

EGFR expression, but unlike what has been seen with other forms of HNC, this was not 

associated with poor clinical outcomes.[30] Lastly, Pickering et al. found a trend towards 

decreased FAT1 mutations in early onset tumors, but the role of this gene in tumor 

pathogenesis is still largely unknown.[31]
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Oncogenic viruses

HPV has been identified as a cause of OPC, especially in younger patients without alcohol 

or tobacco use. Given the similar trends in incidence and general proximity of the two 

anatomic sites, HPV (or another oncogenic virus) has been hypothesized as a cause of early 

onset OTC. However, there is extensive literature on HPV in oral cavity SCC. One of the 

largest and most thorough studies on this subject is by Lingen et al. They analyzed 409 oral 

cavity SCC patients from four institutions and found 24 (5.9%) to have transcriptionally-

active high-risk HPV by reverse transcription PCR. This included 6 of 162 (3.7%) of OTCs. 

There was no specific sub-analysis by patient age, but median age of HPV-positive cases 

was similar to HPV-negative cases (61 vs. 64 years).[37]

Regarding early onset OTC patients, studies have not found any convincing evidence for a 

virus in its pathogenesis and certainly no enrichment for HPV in younger versus older 

patients. Liang et al. only detected HPV-16 DNA in 1 of 8 early onset OTC specimens and 

detected non in the 43 typical onset specimens.[33] Using RNA-Seq, Bragelmann et al. did 

not detect any presence of HPV in 7 tumors from young non-tobacco users.[34] Harris et al. 

found that 44% of early onset OTC were p16 positive (a cell cycle regulator and surrogate 

marker of HPV infection frequently seen in OPC). However, none of these tumors were 

HPV positive by ISH or PCR. Although p16 positivity was associated with improved 

survival in this study, its expression was not associated with HPV positivity.[30] In a study 

of 78 patients with OTC, only 1 patient, a 62-year-old male with a history of alcohol and 

tobacco use, had detectable levels of E6 or E7 mRNA within the tumor. No HPV mRNA 

was detected in the tumors of patients less than 40, light or former smokers, or light 

drinkers. p16 was again a poor surrogate of HPV infection in this study with a positive 

predictive value of 0.12.[35]

Studies searching for other viral causes besides HPV have been unsuccessful. Using a newly 

developed digital subtraction method with viral screening and discovery algorithms, 

Bragelmann et al. searched the RNA-Seq data from 7 early onset oral tongue tumors for the 

presence of EBV or other viruses. No transcripts from any known or related novel viruses 

were found.[34] In the most recent molecular study of early onset OTC, no HPV or EBV 

was detected in 6 tumors analyzed by exome sequencing, and no viral transcripts were 

detected in 20 early onset tumors analyzed by massively parallel RNA sequencing.[32]

Overall mutational landscape

Some studies have attempted to characterize the mutational landscape of early onset OTC as 

a whole. Jin et al. looked for LOH and MSI at 13 frequently mutated sites in HNC. Each of 

the 19 tumors had LOH at one or more sites, with the highest incidence of mutations 

occurring at D9S168 (9p23–22) and TP53 (17p13). Twenty-six percent had MSI occurring 

on chromosomes 3 and 9p. There was no observed correlation between mutations at these 

sites and patient age was seen.[26] Pickering et al. showed that early and typical onset OTC 

was similar in regards to gene-specific mutations and copy-number alteration frequencies. 

These authors also identified a “smoking signature” by examining the mutational profile of 

HNC as a whole. Both early and typical onset OTC lacked this smoking signature, with a 
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higher C to T mutational frequency. According to the authors, this indicates that tobacco use 

may play a different role in OTC pathogenesis than other forms of HNC.[31]

CONCLUSION

Despite the limitations of the current literature, some trends regarding early onset OTC have 

emerged. Heavy cigarette use may play less of role in early onset OTC development. 

Instead, smokeless tobacco products may be involved in the pathogenesis of some patients 

with early onset OTC. In contrast to early reports, early onset OTC patients likely have 

similar or even better survival than patients with typical onset OTC. HPV infection is not a 

driving factor for the occurrence or increasing rates of early onset OTC.

More recent research is needed studying early onset OTC, especially studies with larger 

early onset cohorts. Given the low incidence of early onset OTC, multicenter studies or the 

use of national cancer registries should be pursued. These studies should aim to gather more 

comprehensive risk factor information from patients, including tobacco (smoking and 

smokeless products) and alcohol (drinks per week) use histories. Information regarding other 

possible environmental risk factors, such as dental hygiene product use and radiation 

exposure, may be informative. Outcomes research should be sure to include information on 

OTC recurrence. Finally, cohorts complete with risk factor, outcomes, and molecular 

information will allow for better characterization of the disease entity as a whole.
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Table 1.

Tobacco and Alcohol in Early Onset OTC.

Tobacco and Alcohol

Authors Journal Year Early 
Onset Age

Early 
Onset 
Cases

Tobacco Alcohol

Byers et al.
a Am J Surg 1975 < 30 11 0% – heavy cigarette 0% - heavy

Amsterdam & 

Strawitz
a J Surg Oncol 1982 < 35 8 58% - cigarette history

0% - heavy cigarette
75% - social
0% - heavy

Newman et al.
a Arch Otolaryngol 1983 < 30 13 38% - cigarette history

8% - heavy cigarette
23% - occasional
8% - heavy

Schantz et al.
a JAMA 1988 ≤ 40 68

Early onset OTC cigarette and 
chew use decreased between 
1944–1984 (64 to 35%)

-

Sarkaria & Harari
a Head Neck 1994 < 40 6 66% - cigarette or chew history -

Friedlander et al. Head Neck 1998 < 40 36 Similar cigarette Similar

Siegelmann-Danieli 
et al. J Clin Oncol 1998 ≤ 45 30 Less alcohol or cigarette/cigar/chew (40% early, 82% 

typical)

Myers et al.
a Otolaryngol Head 

Neck Surg 2000 < 40 37 41% - tobacco use 55% - use

Harris et al. Head Neck 2010 < 40 28
b

Young never-smokers/never-drinkers with HNC more likely 
to have OTC than young smoker-drinkers with HNC (57 vs. 

24%)

More snuff (12% early, 3% 
typical)

Campbell et al. Head Neckc 2018 < 50 113 Less former cigarette (20% 
early, 34% typical) Similar

Similar pipe, cigar, chew

a
No typical onset OTC comparison group (shaded)

b
Patients grouped by tobacco and alcohol use status (28 never-smokers/never-drinkers)

c
In revision
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Table 2.

Early Onset OTC Survival.

Survival

Authors Journal Year Early Onset Age Early Onset 
Cases

Survival 
Measure

Survival vs. 
Typical Onset

Byers et al. Am J Surg 1975 < 30 11 OS Worse

Amsterdam & Strawitz J Surg Oncol 1982 < 35 8 OS Worse

Vermund et al. Acta Radiol Oncol 1982 < 40 16 OS, DSS Better

Newman et al. Arch Otolaryngol 1983 < 30 13 OS Similar

Son & Kapp Cancer 1985 ≤ 40 11 OS Worse

Sarkaria & Harari Head Neck 1994 < 40 6 OS Worse

Friedlander et al. Head Neck 1998 < 40 36 DFS Similar

Siegelmann-Danieli et al. J Clin Oncol 1998 ≤ 45 30 DFS Similar

Vargas et al. Laryngoscope 2000 < 40 17
a OS, DFS Similar

Pitman et al. Head Neck 2000 < 40 28 DFS Similar

Myers et al. Otolaryngol Head Neck Surg 2000 < 40 37 DSS Similar

Davidson et al. Head Neck 2001 < 40 NA DSS Better

Schantz & Yu Arch Otolaryngol Head 
Neck Surg 2002 < 40 617 OS Better

Patel et al. J Clin Oncol 2011 < 45 814 DSS Similar

Joseph et al. Oral Oncol 2015 < 50 688
a OS Better

Campbell et al. Head Neckb 2018 < 50 113 OS Better

a
All female patients

b
In revision
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Table 3.

Early Onset Molecular Analyses.

Molecular Analyses

Authors Journal Year Early Onset 
Age

Early 
Onset 
Cases

Detection Method Early Onset Finding

p53 Studies

Sorensen et al. Arch Otolaryngol 
Head Neck Surg 1997 < 40 11 IHC, CP Few p53 mutations

Regezi et al. Oral Oncol 1999 < 35 36 IHC Similar to typical onset

Jin et al. Oral Oncol 1999 < 40 19 PCR for LOH & 
MSI Similar to typical onset

Lingen et al. Head Neck 2000 < 40 21 IHC, CP, DNASeq p53 overexpression

Siegelmann-Danieli et 
al. Tumori 2005 ≤ 45 17 IHC Similar to typical onset

Harris et al. Head Neck 2011 < 40 25 IHC Similar to typical onset

Pickering et al. Clin Cancer Res 2014 < 45 29 WES Similar to typical onset

Li et al. Head Neck 2015 < 50 34
a WES Nonsmokers were younger 

and had less p53 mutations

HPV Studies

Liang et al. J Oral Maxillofac 
Surg 2008 < 45 8 PCR 12.5% of tumors HPV+

Harris et al. Head Neck 2011 < 40 25 ISH, PCR 0% of tumors HPV+

Bragelmann et al. Oral Oncol 2013 < 45 7 RNASeq 0% of tumors HPV+

Poling et al. Oral Oncol 2014 < 40 11 ISH 0% of tumors HPV+

Li et al. Head Neck 2015 < 50 34
a Transcriptome 

analysis 0% of tumors HPV+

a
Patients grouped by smoking status
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