
Head and neck squamous cell carcinomas (HNSCCs) 
develop from the mucosal epithelium in the oral cavity, 
pharynx and larynx and are the most common malignan-
cies that arise in the head and neck (Fig. 1). The burden 
of HNSCC varies across countries/regions and has gen-
erally been correlated with exposure to tobacco-derived 
carcinogens, excessive alcohol consumption, or both. 
Increasingly, tumours that arise in the oropharynx 
are linked to prior infection with oncogenic strains of 
human papillomavirus (HPV), primarily HPV-16, and, 
to a lesser extent, HPV-18 and other strains1–3. As the 
most common oncogenic HPVs, HPV-16 and HPV-18, 
are covered by FDA-approved HPV vaccines, it is feasi-
ble that HPV-positive HNSCC could be prevented by 
successful vaccination campaigns worldwide. HNSCCs 
of the oral cavity and larynx are still primarily associ-
ated with smoking and are now collectively referred to 
as HPV-negative HNSCC. No screening strategy has 
proved to be effective, and careful physical examina-
tion remains the primary approach for early detection. 

Although a proportion of oral pre-malignant lesions 
(OPLs), which present as leukoplakia (white patches) 
or erythroplakia (red patches), progress to invasive 
cancer, the majority of patients present with advanced- 
stage HNSCC without a clinical history of a pre-malignancy.  
HNSCC of the oral cavity is generally treated with surgi-
cal resection, followed by adjuvant radiation or chemo-
therapy plus radiation (known as chemoradiation or 
chemoradiotherapy (CRT)) depending on the disease 
stage. CRT has been the primary approach to treat can-
cers that arise in the pharynx or larynx. HPV-positive 
HNSCC generally has a more favourable prognosis 
than HPV-negative HNSCC, and ongoing studies are 
testing the efficacy of therapeutic dose reduction (of 
both radiation and chemotherapy) in HPV-positive dis-
ease treatment. With the exception of early-stage oral 
cavity cancers (which are treated with surgery alone) 
or larynx cancers (which are amenable to surgery or 
radiation alone), treatment of the majority of patients 
with HNSCC requires multimodality approaches and 
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thus multidisciplinary care. The epidermal growth fac-
tor receptor (EGFR; also known as HER1) monoclonal 
antibody cetuximab is approved by the FDA as a radi-
ation sensitizer, alone or in combination with chemo-
therapy, for the treatment of patients with recurrent or 
metastatic disease4. Although inferior to cisplatin as a 
radiosensitizer in HPV-associated disease5,6, cetuxi-
mab is often used in cisplatin-ineligible patients. The 
immune checkpoint inhibitors pembrolizumab and 
nivolumab are approved by the FDA for treatment of 
cisplatin-refractory recurrent or metastatic HNSCC 
and pembrolizumab is approved as first-line therapy 
in patients who present with unresectable or metastatic 
disease7–9. Detailed molecular characterization as well 
as immune profiling of HNSCC suggests that incor-
poration of prognostic and predictive biomarkers into 
clinical management may overcome obstacles to targeted 
therapies and enable prolonged survival. In this Primer, 
we provide an overview of the types of HNSCC and their 
epidemiology, as well as the pathogenesis of each type 
and how this influences the management approach.

Epidemiology

Incidence, prevalence and mortality

HNSCC is the sixth most common cancer worldwide, 
with 890,000 new cases and 450,000 deaths in 2018 
(reFs10–12) (Fig. 2). The incidence of HNSCC contin-
ues to rise and is anticipated to increase by 30% (that 
is, 1.08 million new cases annually) by 2030 (Global 
Cancer Observatory (GLOBOCAN))10–12. The high 
prevalence of HNSCC in regions such as Southeast Asia 
and Australia is associated with consumption of specific 
carcinogen-containing products (described below), 
whereas increasing rates of oropharyngeal infection 
with HPV have contributed to the high prevalence of 
HNSCC in the USA and Western Europe13–15. In general, 
men are at twofold to fourfold higher risk than women 
for developing HNSCC. The median age of diagnosis for 
non-virally associated HNSCC is 66 years, whereas the 
median age of diagnosis for HPV-associated oropharyn-
geal cancer and Epstein–Barr virus (EBV)-associated 
nasopharyngeal cancer is ~53 years and ~50 years, 
respectively16,17. The survival for HNSCC has improved 
modestly over the past three decades; for example, the 
5-year survival increased from 55% during the period 
1992–1996 to 66% during the period 2002–2006 when 
analysed across all age groups and anatomical sites 
within the Surveillance, Epidemiology, and End Results 
(SEER) registry18. A subgroup analysis showed improved 
survival in all age groups except in older patients 
(>75 years of age) and for all anatomical sites except 

the larynx, where survival was stagnant. Improvement 
in survival is partially attributable to the emergence of 
HPV-associated HNSCC, a population with improved 
prognosis, rather than improvements in multimodality 
treatment per se; a subsequent SEER analysis incorporat-
ing tissue assessment for HPV noted improved survival 
in patients with HPV-positive HNSCC but not in those 
with HPV-negative HNSCC19. In addition to deaths 
directly caused by HNSCC, survivors of this cancer 
have the second highest rate of suicide (63.4 cases per 
100,000 individuals) after those with pancreatic cancer 
(86.4 cases per 100,000 individuals), compared with sur-
vivors of other cancers (23.6 cases per 100,000 individu-
als). Psychological distress and compromised quality of 
life (QOL) are likely key underlying factors for suicide20.

Risk factors

Epidemiological studies have revealed a diverse range of 
risk factors for HNSCC, as classified by the International 
Agency for Research on Cancer (IARC) of the World 
Health organization (WHO)21. These risk factors include 
tobacco consumption, alcohol consumption, exposure 
to environmental pollutants and infection with viral 
agents, namely, HPV and EBV. Interestingly, several risk 
factors display geographical or cultural and/or habitual 
prevalence. Tobacco and alcohol consumption are the 
high-risk factors that occur most widely geographically. 
Of note, heavy users of both substances have a >35-fold 
higher risk of developing HNSCC22. Among some Asia–
Pacific populations, oral cavity cancer is associated with 
chewing of areca nut products including ‘betel quid’, a 
term that applies to a variety of customized mixtures 
comprising areca nut (Areca catechu; the carcinogen 
source), betel leaf (the leaf of Piper betle), slaked lime 
and/or tobacco, as well as spices according to local 
custom21. The use of areca nut or betel quid products is 
linked to particularly high rates of oral cavity cancer in 
India (first and fourth most common cancer in Indian 
men and women, respectively), Taiwan and some prov-
inces in mainland China23. In general, the high male 
to female ratios for HPV-negative HNSCC incidence 
reflect the sex-specific patterns of modifiable risk behav-
iours, including the use of the aforementioned tobacco, 
smokeless tobacco, areca nut, betel quid and alcohol21,24.

The effect of electronic cigarettes on HNSCC risk 
remains unknown and will only be evident in the com-
ing decades. Exposure to carcinogenic air pollutants, 
including organic and inorganic chemicals, as well as 
particulate matter, is a risk factor for HNSCC, especially 
in developing countries/regions with worsening air pol-
lution, such as India and China25,26. Other risk factors 
include ageing, poor oral hygiene and diets lacking in 
vegetables27,28. In terms of infectious agents, persistent 
infection with HPV and EBV are known aetiological 
risk factors for HNSCC arising from the oropharynx and 
nasopharynx, respectively29,30. The male to female ratio 
for HPV-positive HNSCC incidence ranges from three 
to six31, which is explained by higher rates of persistent 
oropharyngeal HPV infection among men despite sim-
ilar prevalences of anogenital HPV infection32–34. HPV 
infection that leads to HNSCC is mainly transmitted by 
oral sex, and the incidence of HPV-positive HNSCC 
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continues to rise, especially in populations that are not 
vaccinated against HPV prior to HPV exposure35,36.

In addition, genetic factors also contribute to HNSCC 
risk. Individuals with Fanconi anaemia, a rare, inherited 
genetic disease characterized by impaired DNA repair 
(owing to mutations in any of the 22 FANC genes), have a 
500–700-fold increased risk of developing HNSCC, pri-
marily cancers of the oral cavity37. Although the mecha-
nisms responsible for the unique proclivity of patients 
with Fanconi anaemia to develop HNSCC remain 
unknown, alterations in Fanconi anaemia pathway genes 
are likely to have a role. Meta-analyses have shown that 
polymorphisms in genes involved in carcinogen metab-
olism and in immunity are associated with increased 
risk, including polymorphisms in CTLA4 (rs231775 
and rs4553808), Il10 (1082A>G), cytochrome P450 1A1 
(CYP1A1; Ile462Val) and glutathione S-transferase μ1 
(GSTM1; null polymorphism)38–41. Thus, a reduced abil-
ity to metabolize carcinogens and weakened immunity 
may contribute to HNSCC. Decreased use of tobacco 
products, improved oral health and widespread HPV 
vaccination should help reduce the global incidence of 
HNSCC42.

Mechanisms/pathophysiology

Formation, progression and cell of origin

HNSCC originates from mucosal epithelial cells that 
line the oral cavity, pharynx, larynx and sinonasal tract. 
Histologically, progression to invasive HNSCC follows 

an ordered series of steps beginning with epithelial cell 
hyperplasia, followed by dysplasia (mild, moderate and 
severe), carcinoma in situ and, ultimately, invasive carci-
noma (Fig. 3). However, of note, most patients diagnosed 
with HNSCC do not have a history of an antecedent 
pre-malignant lesion. Given the heterogeneous nature 
of HNSCC, the cell of origin depends on anatomical 
location and aetiological agent (carcinogen versus virus). 
However, in each case, normal adult stem or progenitor 
cells are likely candidates for the cell of origin, giving rise, 
following oncogenic transformation, to cancer stem cells 
(CSCs) with properties of self-renewal and pluripotency. 
HNSCC CSCs with the capacity to generate tumours in 
transplantation assays constitute only a minor fraction 
(1–3%) of the cells in primary tumours43 but, despite 
their inherent resistance to conventional drugs, represent 
attractive targets for novel targeting agents.

A number of molecular biomarkers of HNSCC CSCs 
have been proposed, with CD44, CD133 and ALDH1 
being the most extensively validated and associated with 
prognostic significance. CD44 is a cell surface recep-
tor for hyaluronic acid and matrix metalloproteinases 
(MMPs) and is involved in intercellular interactions 
and cell migration. HNSCC cells with high levels of 
CD44 are capable of self-renewal, and CD44 levels in 
HNSCC tumours are associated with metastasis and 
a poor prognosis44,45. Similarly, increased levels of the 
membrane-spanning protein CD133 are associated 
with HNSCC invasiveness and metastasis46. ALDH1 is 
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Fig. 1 | Anatomical sites of HNSCC development. Head and neck squamous cell carcinoma (HNSCC) arises from the 

mucosal epithelium of the oral cavity (lips, buccal mucosa, hard palate, anterior tongue, floor of mouth and retromolar 

trigone), nasopharynx, oropharynx (palatine tonsils, lingual tonsils, base of tongue, soft palate, uvula and posterior 

pharyngeal wall), hypopharynx (the bottom part of the throat, extending from the hyoid bone to the cricoid cartilage) and 

larynx. Human papillomavirus-associated HNSCCs arise primarily from the palatine and lingual tonsils of the oropharynx, 

whereas tobacco-associated HNSCCs arise primarily in the oral cavity, hypopharynx and larynx.
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an intracellular enzyme that converts retinol into reti-
noic acid, plays a part in cellular detoxification and is a 
marker for both normal stem cells and CSCs. High lev-
els of ALDH1 expression or activity are associated with 
self-renewal, invasion and metastasis and may have prog-
nostic significance in HNSCC45. In addition, HNSCC 
cells with CSC properties express elevated levels of the 
stem cell markers OCT3, OCT4, SOX2 and NANOG, 
with the levels of these proteins correlating with tumour 
grade in oral cancers47. Immunohistochemical analyses of 
HNSCC tumours indicate that ~80% of ALDH1+ cells are 
in close proximity (≤100 μm) to a blood vessel, suggesting 
that the CSCs reside primarily in perivascular niches43.

An important clinical phenomenon to consider when 
defining the cell of origin in HNSCC is the development 
of second primary tumours (SPTs). Synchronous and/or 
metachronous SPTs arise at an extraordinarily high rate 
after the diagnosis of an initial primary tumour and 
can be localized at distinct anatomical sites in the head 
and neck region, oesophagus or lungs48,49. Frequently 
lethal, SPTs may share some molecular abnormalities 
with the initial primary tumour or may exhibit marked 
differences. The concept of ‘field cancerization’ suggests 
that carcinogens damage or condemn large anatomical 
fields50. In tobacco-associated HNSCC, the size of the 
damaged anatomical field may increase with patient 
age51,52. Considering the concept of field cancerization, 
the development of SPTs may reflect distinct CSCs 
arising from independent oncogenic transformations.

Initiating and early events

HPV-negative HNSCC. Tobacco consumption is the 
primary risk factor for development of HPV-negative 
HNSCC. Tobacco consists of more than 5,000 dif-
ferent chemicals, of which dozens have been shown 
to have carcinogenic activity. The chemicals thought 

to be most responsible for the cancer-causing effects of 
tobacco are polycyclic aromatic hydrocarbons (PAHs), 
including benzo(a)pyrene, and nitrosamines, includ-
ing 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone 
and N-nitrosonornicotine53,54. In smokeless tobacco, 
nitrosamines are the dominant carcinogen, whereas 
the carcinogens in areca nut and betel quid are poorly 
defined55. Tobacco-derived carcinogens, including PAHs 
and nitrosamines, undergo metabolic activation, with 
detoxification enzymes and pathways promoting excre-
tion (Fig. 4). However, many of the reactive metabolites of 
these carcinogens can also form covalent DNA adducts, 
which, if not properly repaired, lead to mutations and 
other genetic abnormalities. The propensity for tobacco 
carcinogens to promote genetic changes and neoplas-
tic transformation probably depends on the balance 
between metabolic activation versus detoxification and 
DNA repair (Fig. 4). The use of tobacco products is also 
associated with inflammation in the exposed tissues. 
Coincident with inflammation is the local production 
of cytokines, chemokines and growth factors that can 
have an important role in promoting proliferation, 
angiogenesis and, ultimately, carcinogenesis.

Excessive alcohol consumption is another key risk 
factor for HPV-negative HNSCC and is known to syn-
ergize with tobacco use to promote carcinogenesis56. 
Alcohol might serve as a solvent for carcinogens, 
enhancing the exposure of epithelial cells to these 
substances57. In addition, alcohol is metabolized to 
acetaldehyde, which is known to form DNA adducts58.

HPV-positive HNSCC. Infection with HPV is an 
increasingly common risk factor for HNSCC. HPV 
infection is associated with most oropharyngeal can-
cers (>70%) and a small minority of cancers at other 
anatomical sites in the head and neck1,2. As described 
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Fig. 2 | Global incidence of HNSCC. The estimated age-standardized rates (ASRs) of head and neck squamous cell 

carcinoma (HNSCC) incidence worldwide are shown for men and women combined10–12. The data are from GLOBOCAN 

for 2018 (reF.10). The map was generated using the GLOBOCAN website mapping tool by selecting the ‘hypopharynx’, 

‘larynx’, ‘lip, oral cavity’, ‘nasopharynx’ and ‘oropharynx’ cancer sites.
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below, HPV-positive HNSCC exhibits distinct differ-
ences from HPV-negative HNSCC in gene expression, 
and mutational and immune profiles, underscoring the 
unique biology of this disease. Infection with HPV is 
an early event in HPV-positive HNSCC, and most of 
these cancers arise from deep crypts in the palatine and 
lingual tonsils (Fig. 5). HPV-16 is the primary causa-
tive type, although other high-risk HPVs, including 
HPV-18, HPV-31, HPV-33 and HPV-52, are detected 
in a small percentage of patients3. The high-risk HPVs, 
including HPV-16, are small, double-stranded, circu-
lar DNA viruses with a genome of ~8 kb. In HNSCC 
tumour specimens, the viral genome is typically found 
integrated at a single, albeit variant, genomic site59. The 
genome consists of seven early genes (E1–E7) and two 
late genes (L1 and L2). The L1 and L2 genes encode viral 
capsid proteins, whereas the E1–E5 genes encode pro-
teins that are primarily involved in replication and tran-
scription of the viral genome. The bicistronic E6 and E7 
genes are essential for oncogenic transformation of the 
host cell. E6 protein forms a complex with the cellular 
ubiquitylation protein E6-AP and the tumour suppres-
sor p53 to promote ubiquitylation and proteasomal 
degradation of p53 (reF.60). In contrast to HPV-negative 
HNSCC, in which TP53 (encoding p53) is frequently 
deleted or mutated, this gene is rarely altered in 
HPV-positive HNSCC, as p53 is eliminated by the 
action of E6 (reF.59). E6 may possess other transforming 
activities beyond p53 degradation but these functions 
are less well characterized61–63. E7 protein binds strongly 
to the cell cycle regulator retinoblastoma-associated 
protein (RB1), promoting proteasomal destruction of 
RB1 and the release of E2F family transcription factors64. 
The liberated E2F proteins drive the cell cycle beyond 
the restriction point (also known as the G1–S check-
point) and into S phase. E7 also interacts with and 
affects the levels and/or cellular activity of a number of 
other cell cycle regulatory proteins62,65. The disruption 
of RB1 function by E7 leads to a feedback upregula-
tion of p16INK4A, and detection of p16INK4A expression is 
commonly used to classify oropharyngeal tumours as 

HPV-positive. In addition to E6 and E7, E5 also has a 
role in oncogenic transformation by helping to drive cell 
cycle progression66,67.

Genomic alterations and key pathways

There is a tremendous need to identify molecular 
biomarkers that can be used to predict progression of 
pre-malignant HNSCC lesions, prognosticate survival, 
reveal new targets for intervention and predict response 
to therapeutic agents. The search for biomarkers has 
focused on defining the molecular abnormalities that 
characterize HNSCC. In this section, we highlight find-
ings regarding genetic and epigenetic alterations, as well 
as dysregulation of cellular signalling pathways, which 
occur during HNSCC development.

HNSCC is characterized by genetic instability, 
with frequent loss or gain of chromosomal regions59. 
The availability of a model of ordered histological 
progression of HNSCC has enabled assignment of 
some chromosomal abnormalities to specific stages  
of progression57,68 (Fig. 3). Loss of 9p21 occurs during 
progression of normal head and neck epithelial mucosa 
to hyperplasia. The 9p21 region includes the tumour 
suppressor genes (TSGs) CDKN2A (encoding the CDK4 
and CDK6 inhibitor p16INK4A) and ARF (encoding p14, a 
stabilizer of p53). Progression from hyperplasia to dys-
plasia is marked by loss of 3p21 and 17p13, the site of 
TP53. The transition from dysplasia to carcinoma in situ 
involves loss of 11q13, 13q21 and 14q32, whereas loss of 
6p, 8, 4q27 and 10q23 is observed in the progression to 
invasive carcinoma. Collectively, these studies of chro-
mosomal abnormalities reveal that multiple genetic 
alterations may be required for full transformation to 
invasive HNSCC68. Furthermore, whether progression of 
HNSCC is strictly dependent on the temporal sequence 
of these alterations or, instead, on their collective 
accumulation, remains unresolved.

The Cancer Genome Atlas (TCGA) contains a wealth 
of data on copy number alterations (CNAs), mutational 
profiles, mRNA expression and microRNA (miRNA) 
expression from over 520 human HNSCC tumours59.  

Normal mucosa Hyperplasia Dysplasia Carcinoma in situ Invasive carcinoma

• 6p, 8, 4q27 and 
10q23 LOH

• PTEN inactivation

• 11q13, 13q21 and 
14q32 LOH

• CCND1 amplification

• 3p21 and
17p13 LOH

• TP53 inactivation

• 9p21 LOH
• CDKN2A 
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Fig. 3 | Progression of HNSCC and key genetic events. The mucosal epithelium lining the oral cavity, pharynx, larynx and 

sinonasal tract is the site of origin for head and neck squamous cell carcinoma (HNSCC). In a model of ordered histological 

progression of HNSCC68, mucosal epithelial cell hyperplasia is followed by dysplasia, and carcinoma in situ precedes the 
development of invasive carcinoma. Specific genetic events have been found to be enriched at each stage of progression 

and are indicated. Of note, unlike in most cancers in which oncogenic mutations typically drive tumorigenesis, HNSCC 

formation usually involves the inactivation of tumour suppressor genes, such as CDKN2A and TP53 (encoding p16INK4A and 

p53, respectively) in early stages and PTEN (encoding phosphatase and tensin homologue (PTEN)) at later stages. LOH, loss 

of heterozygosity. Histopathology images of hyperplasia, dysplasia, carcinoma in situ and invasive carcinoma are reprinted 
from reF.250, Springer Nature Limited. Histopathology image of normal mucosa courtesy of R. Jordan, University of California 

San Francisco.
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A detailed analysis of 279 of these tumours, consisting 
of 243 HPV-negative and 36 HPV-positive tumours, 
revealed a high degree of genomic instability; tumours had  
an average of 141 CNAs and 62 chromosomal struc-
tural abnormalities (for example, fusions)59. HNSCC 
tumours exhibited frequent mutation of CDKN2A 
(22% of tumours) and TP53 (72% of tumours). Coupled 
with the aforementioned highly frequent chromo-
somal loss of CDKN2A and TP53 in HNSCC tumours, 
these TSGs are regarded as the most frequently altered 
genes in HNSCC. However, these alterations are largely 
restricted to HPV-negative tumours, owing to the action 
of HPV E6 and E7 proteins in eliminating p53 and RB1 
(p16INK4A inhibits phosphorylation of RB1). Mutational 
profiling revealed that HNSCC-associated mutations 
are significantly enriched in 11 genes59. Interestingly, 
this list of frequently mutated genes is dominated by 
known and potential tumour suppressors, including 
TP53, CDKN2A, FAT1, NOTCH1, KMT2D, NSD1 and 

TGFBR2. PIK3CA, encoding the catalytic subunit of 
phosphoinositide 3-kinase (PI3K), is the only onco-
gene that is found to be frequently mutated (~14%) in 
HNSCC59,69–72. Mutations in RAS genes are infrequent, 
with HRAS mutations being the most common (~4% 
of tumours). Thus, in contrast to many other solid 
tumour malignancies that are frequently driven by 
mutations in RAS or other oncogenes, HNSCC might 
be more frequently driven by loss of tumour suppres-
sors. Comparison of HPV-positive and HPV-negative 
tumours failed to detect previously reported differences 
in overall mutation rates71. However, HPV-positive 
tumours uniquely show frequent loss of TRAF3 and 
amplification of E2F1 (whereas HPV-negative tumours 
show frequent alterations in CDKN2A and TP53), fre-
quent focal deletions in other TSGs (such as NSD1, 
FAT1, NOTCH1 and SMAD4) and frequent focal  
amplification of the genes encoding the receptor  
tyrosine kinases EGFR, HER2 (also known as ERBB2) 
and FGFR1 (reF.59). Mutations in the genes encoding 
NRF2 (NFE2L2) and KEAP1 (KEAP1), key regulators of 
oxidative stress, are also common and occur exclusively 
in HPV-negative HNSCC59.

Two additional members of the TP53 gene family, 
TP63 and TP73, are frequently altered in HNSCC. TP63 
encodes two major isoforms, ΔNp63 and TAp63 (con-
taining a truncated or complete transactivation (TA) 
domain, respectively), and is overexpressed in a majority 
of HNSCC tumours73. ΔNp63 promotes HNSCC tumour 
growth by multiple mechanisms, including suppression 
of apoptosis and p16INK4A expression and induction of 
mitogenic signalling73–76. By contrast, TAp73, a major 
isoform encoded by TP73, exhibits tumour suppressor 
activity, and the function of TAp73 is commonly abol-
ished in HNSCC. For example, stimulation of HNSCC 
cells with TNF results in the induction of REL onco-
protein that binds to ΔNp63, displacing TAp73 from 
ΔNp63–TAp73 complexes and inactivating TAp73 
(reFs77,78). Phosphorylation of TAp73 by casein kinase 2 
or Polo-like kinase 2 also leads to TAp73 inactivation 
and results in induction of NANOG, SOX2 and OCT4, 
promoting the stem cell-like properties of HNSCC 
tumour cells79,80.

In addition to genetic alterations, epigenetic changes 
also have a role in driving HNSCC oncogenesis. 
Although HNSCC tumours are characterized by global 
hypomethylation of DNA, hypermethylation and result-
ant downregulated expression of key TSGs, including 
CDKN2A, RARB (encoding RARβ), DCC and MGMT, 
occurs frequently81–83. MGMT is notable, as this protein 
is involved in the repair of DNA damage from tobacco 
carcinogens, whereas RARβ mediates epithelial cell 
differentiation.

Numerous studies have demonstrated aberrant 
expression of signalling proteins and/or activation of sig-
nalling pathways in HNSCC tumours. EGFR is overex-
pressed in 80–90% of HNSCC tumours and is associated 
with poor overall survival (OS) and progression-free 
survival84,85. Molecular targeting of EGFR with monoclo-
nal antibodies (such as cetuximab) is an FDA-approved 
strategy for inhibiting EGFR signalling in HNSCC. 
Overexpression of other receptor tyrosine kinases, 
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Fig. 4 | Development of carcinogen-associated, HPV-negative HNSCC. Consumption 

of tobacco products or betel quid (the leaf of Piper betle) and areca nut (Areca catechu), 

exposure to environmental pollutants or excessive alcohol consumption are primary 

factors in the development of human papillomavirus (HPV)-negative head and neck 

squamous cell carcinoma (HNSCC). Tobacco, and tobacco smoke in particular, are rich in 

polycyclic aromatic hydrocarbons and nitrosamines, which are known human carcinogens 

and are associated with a strongly increased risk of HNSCC. Metabolic activation of 

carcinogens results in the formation of reactive metabolites, which, if not detoxified 

and excreted, can damage DNA, typically by generating bulky DNA adducts. If the DNA 

damage is faithfully and accurately repaired, there may be no lasting consequences. 

However, if the damaged DNA is not promptly repaired, or is repaired errantly by lower 

fidelity repair mechanisms, then permanent damage in the form of mutations, deletions 

and amplifications can occur. The accumulation of alterations in key tumour suppressor 

genes (such as TP53 and CDKN2A, which encode p53 and p16INK4A, respectively) or 

signalling pathways (such as phosphoinositide 3-kinase (PI3K)–AKT–mTOR and RAS–

MAPK pathway genes) is associated with the onset, progression and poor prognosis of 

HPV-negative HNSCC.
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a  Normal tonsil crypt b  HPV infection

c  HPV-mediated malignant transformation
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Fig. 5 | HPV infection of the tonsil crypt and development of HPV-positive HNSCC. a | Throughout the tonsil 

epithelium, proliferating basal epithelial cells constitute the cell layer adjacent to the basement membrane. 

Differentiation of basal epithelial cells leads to their detachment from the basement membrane and upward  

migration, with progressively increasing differentiation leading to the sloughing off of terminally differentiated, 

non-proliferating cells. The palatine and lingual tonsils are also characterized by numerous tissue invaginations, 

commonly termed crypts, which are particularly enriched in stem cells at their base. A unique, reticulated squamous 

epithelium lines the crypt structure and gaps or fissures in the basement membrane and basal layer also occur. 

The presence of these fissures allows lymphocytes to enter the crypts and directly interact with foreign, external 
antigens. b | During infection with human papillomavirus (HPV), the reticulated and disrupted nature of the crypt 

squamous epithelium allows viral access to stem cells, proliferating basal cells and the basement membrane. 

Infiltrating immune cells also make contact with the viral particles. In the case of a productive infection, distinct 

viral genes and proteins are induced and/or activated during the different stages of epithelial cell differentiation, 

culminating in the production and shedding of new viral particles. c | Stem cells or proliferating basal cells 

represent probable cells of origin for HPV-positive head and neck squamous cell carcinoma (HNSCC). Stable 

integration of the viral genome into the host genome, and the concerted action of HPV E6 and E7 proteins on 

cellular p53 and RB levels, respectively, acts to promote cellular transformation. The accumulation of additional 

genetic alterations is needed to induce full transformation, including the acquisition of invasive and metastatic 

phenotypes.
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including HER2 and MET, also occurs and may contrib-
ute to HNSCC resistance to EGFR-targeting agents73,86,87. 
Overexpression of the cytokine IL-6 and its receptor is 
also implicated in the poor prognosis of HNSCC88,89. 
Amplification of CCND1, resulting in overexpression of 
cyclin D1, is associated with the progression of dysplas-
tic lesions to carcinoma in situ and with a poor clini-
cal prognosis57,90 (Fig. 3). Aberrant expression of MMPs 
and HIF1α and their effect on HNSCC progression are 
discussed later.

Among signalling pathways that commonly drive 
tumour development, the PI3K–AKT–mTOR pathway 
is the most frequently altered oncogenic pathway in 
HNSCC59,91. Components of this pathway are geneti-
cally altered in most HNSCC tumours, with frequent 
alterations in PIK3CA occurring by both mutation 
(14%) and gene amplification (16%). Loss of function of 
phosphatase and tensin homologue (PTEN), a negative 
regulator of PI3K–AKT signalling, results from both 
genetic and epigenetic alterations and occurs in ~30% 
of HNSCC tumours92 (Fig. 3). STAT3 signalling is hyper-
activated in HNSCC and correlates with poor progno-
sis, although STAT3 is rarely mutated93,94. Mutations in 
the genes encoding the protein tyrosine phosphatase 
receptors (PTPRs) PTPRT and PTPRD, which occur 
frequently in HNSCC, have been demonstrated as 
one cause of STAT3 hyperactivation in head and neck 
cancers95,96. STAT3 signalling drives the expression of 
genes that promote cellular proliferation and survival 
as well as genes encoding growth factors and cytokines 
that promote immunosuppression (such as VEGF, 
IL-6, IL-10 and TGFβ)94. Oncogenic signalling by the 
WNT–β-catenin pathway also contributes to HNSCC97. 
Last, the RAS–MAPK pathway, which contributes to 
the growth and survival of HNSCC tumour cells, was 
found by one group to be infrequently mutated in 
HNSCC tumours, whereas this pathway was found 
by another group to be mutated in 18% of HNSCC 
tumours59.

Tumour microenvironment

The tumour microenvironment (TME) in HNSCC is 
a complex and heterogeneous mix of tumour cells and 
stromal cells, which include endothelial cells, cancer- 
associated fibroblasts (CAFs) and immune cells. Tumour 
cells and CAFs produce growth factors, such as VEGF, 
which recruit endothelial cells, stimulating neovasculari-
zation and supply of oxygen and nutrients to the tumour. 
In turn, endothelial cells secrete factors that support the 
survival and self-renewal of CSCs43. CAFs have a key 
role in HNSCC progression and are distinguished from 
normal fibroblasts by a persistent state of activation 
and expression of α-smooth muscle actin (αSMA)98. 
CAFs secrete a broad range of growth factors (such as 
EGF, VEGF and HGF), cytokines (such as IL-6) and 
chemokines that promote tumour cell growth, angio-
genesis and recruitment of immunosuppressive immune 
cells99,100. In addition, CAFs are the primary source in the 
TME of MMPs99,100, which are involved in degradation  
and remodelling of the extracellular matrix (ECM) and  
the release and activation of matrix-embedded growth  
factors (such as FGFs, VEGF and TGFβ) that further 

stimulate tumour cell proliferation, angiogenesis and 
immunosuppression. Elevated αSMA levels in HNSCC 
tumours correlate with poor prognosis101.

The TME of HNSCC tumours also includes innervat-
ing neurons derived from the peripheral nervous system. 
In addition, HNSCC tumours contain newly formed 
adrenergic neurons whose presence acts to stimulate 
tumour growth102. Loss of TP53 seems to have a role in 
reprogramming sensory neurons in the HNSCC TME to 
an adrenergic, tumour-promoting phenotype102.

Immune evasion. The immune component of the 
HNSCC TME consists of tumour-infiltrating lympho-
cytes (TILs; including T  cells, B cells and natural 
killer (NK) cells) and myeloid lineage cells (includ-
ing macrophages, neutrophils, dendritic cells and 
myeloid-derived suppressor cells (MDSCs)). In general, 
HNSCC tumours are highly infiltrated by immune cells, 
although the extent and composition of the immune 
cell infiltrate varies according to anatomical subsite 
and aetiological agent (smoking versus HPV)103,104. 
Furthermore, distinct immune phenotypes have been 
identified for HNSCC tumours, and several molecular 
signatures, incorporating diverse markers, have been 
identified as classifiers105–107. These signatures might 
prove useful for predicting response to different ther-
apies, particularly checkpoint inhibition. High levels 
of TILs generally correspond to better outcomes in 
HNSCC but this is dependent on the balance of cells 
with anti-tumour activity (effector T (Teff) cells) versus 
those with immunosuppressive activity (regulatory T 
(Treg) cells) in the TIL population108,109. Numerous stud-
ies have shown that the TME of most HNSCC tumours 
is highly immunosuppressive104,110. Antitumour immu-
nity in the TME is mediated largely by Teff cells and NK 
cells, whereas immune suppression and tumour cell 
growth is mediated by Treg cells, MDSCs and M2 macro-
phages. Elevated levels of CD8+ Teff cells and NK cells in 
the TME are associated with improved survival100. By 
contrast, elevated levels of Treg cells, MDSCs, neutrophils 
or M2 macro phages are associated with advanced-stage 
HNSCC or a poor prognosis100.

The immune cell abundance and composition of 
HPV-positive tumours and HPV-negative tumours are 
notably different103,104. HPV-positive tumours typically  
have a greater abundance of TILs than HPV-negative 
tumours. Importantly, patients with HPV-positive tumours  
containing high levels of TILs have excellent outcomes, 
whereas patients with HPV-positive tumours containing 
low levels of TILs exhibit survival outcomes similar to 
those of patients with HPV-negative HNSCC111.

HNSCC tumours evade immune surveillance by 
a number of different mechanisms. The milieu of the 
HNSCC TME is rich in immunosuppressive growth fac-
tors and cytokines that promote recruitment or activity 
of MDSCs, Treg cells and M2 macrophages while inhib-
iting the anti-tumour effects of Teff cells and NK cells, 
of which IL-6, IL-10, VEGF and TGFβ are particularly 
important99. Factors in the HNSCC TME, including 
IL-10 and TGFβ, also promote macrophage polarization 
to the immunosuppressive M2 phenotype112. Genetic 
and epigenetic alterations result in decreased tumour 
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cell levels of human leukocyte antigen (HLA) and 
defects in antigen processing, leading to decreased rec-
ognition and cytolysis of tumour cells113,114. In addition, 
HNSCC tumours, particularly advanced-stage cancers, 
demonstrate upregulation of PDL1, which attenuates 
the cytolytic activity of T cells7,8. Similarly, MDSCs and 
Treg cells recruited to the HNSCC TME express PDL1 
and another immunosuppressive molecule, cytotoxic 
T lymphocyte antigen 4 (CTLA4), respectively. In the 
specific case of HPV-positive HNSCC, the viral E5, E6 
and E7 proteins promote immune evasion by effects on 
cellular gene and protein expression in tumour cells115,116. 
The frequent loss in HPV-positive HNSCC of TRAF3, 
which encodes a protein that functions in anti-viral 
immunity, also probably contributes to immune evasion 
in HPV-positive disease117,118.

Hypoxia. HNSCC tumours are also characterized 
by hypoxia, with roughly similar levels of hypoxia in 
HPV-positive and HPV-negative tumours of the same 
stage119. High levels of hypoxia in tumours portend a 
poor prognosis and resistance to radiation therapy120–124. 
Hypoxia induces the expression of HIF1α, a subunit of 
the transcription factor HIF1, which drives expression 
of a range of genes encoding proteins that promote angi-
ogenesis (VEGF) and degradation of ECM (MMPs). 
HIF1 also upregulates tumour cell expression of glu-
cose transporters (for example, GLUT1) and enzymes 
that contribute to metabolic reprogramming of the 
tumour from oxidative phosphorylation to glycolysis 
(known as the Warburg effect)73. In tumour-infiltrating 
immune cells, hypoxia and HIF1 induce expression of 
pro-inflammatory and immune-modulatory cytokines 
and chemokines (such as IL-1β and TNF)73.

The oral microbiota. An emerging field of study is the 
role of the microbiota in the HNSCC TME, particularly 
in oral cancer. Poor oral health is associated with oral 
cancer, as well as other cancers, and tobacco, alcohol and 
HPV are all known to modulate the composition of the 
oral cavity microbiota125. Specific bacterial and fungal 
signatures that are enriched in oral cancer have been 
reported and continue to be refined126,127.

Metastasis

Multiple pathways and processes contribute to the inva-
sion and metastasis of HNSCC tumour cells. MMPs 
produced by both tumour and stromal cells in the 
TME have an integral role in degrading and remodel-
ling the ECM, thereby promoting tumour cell invasion. 
High levels of MMP2, MMP9 and MMP13 in HNSCC 
tumours are associated with invasion, metastasis and 
poor prognosis128–130. Interestingly, the HNSCC CSC 
marker CD44 serves as a cell surface receptor that binds 
to and promotes the activity of MMP9 (reFs44,131). CD44 
and MMP9 colocalize to the invasive front of HNSCC 
tumours and their expression levels correlate with  
metastasis132.

The epithelial–mesenchymal transition (EMT; the 
conversion of tumour cells from an epithelial to a mes-
enchymal phenotype) has a key role in HNSCC metas-
tasis. Cells that undergo EMT exhibit downregulation 

of E-cadherin, upregulation of vimentin, reduction of  
cell adhesion and enhanced migration and invasive-
ness. EMT-associated changes in E-cadherin and 
vimentin levels are associated with increased meta-
stasis of HNSCC tumours100,133. The transcription factors 
TWIST, SNAIL and SLUG mediate downregulation of 
E-cadherin during EMT, with co-expression of TWIST, 
SNAIL and HIF1α correlating with high rates of HNSCC 
metastasis134,135. Hypoxic conditions in the TME can 
drive EMT in tumour cells, as HIF1α induces the expres-
sion of vimentin, TWIST and SNAIL100; this mechanism 
may explain the association between elevated levels  
of hypoxia and HNSCC metastasis120,121,134. The process of  
EMT is also closely linked with the acquisition of stem 
cell properties, including expression of HNSCC CSC 
markers135. Tumour cell expression of CD44, CD133 
or ALDH1 is closely associated with metastasis in 
HNSCC45. Similarly, OCT3, OCT4 and NANOG pro-
mote invasiveness of HNSCC cells and their presence 
may serve as a predictor of metastasis45.

Of note, EMT is not a fixed and irreversible process136 
but instead can be context-dependent, occurring in 
distinct cellular populations at particular sites within  
the tumour136,137. Reversal of EMT may be necessary 
for the establishment of macrometastatic tumour 
sites, underscoring the plasticity of the process136. 
Furthermore, tumour cells may exhibit only partial 
EMT (p-EMT), a partial acquisition of EMT markers or 
properties. Single-cell transcriptomic analyses of primary 
and metastatic HNSCC tumours revealed that cells with 
p-EMT are localized to the leading edge of tumours and 
that p-EMT can serve as an independent predictor of 
metastasis, tumour grade and detrimental pathological 
features137.

The capacity of HNSCC tumour cells to metastasize 
also requires an ability to detach from the basement 
membrane and associated ECM components. Typically, 
when normal epithelial cells detach they lose access to 
key survival factors and undergo a form of programmed 
cell death termed anoikis138. Metastasis is dependent 
on suppression of, or acquired resistance to, anoikis. 
Growth factors and cytokines in the TME, particularly 
IL-6, EGF and HGF, activate tumour cell signalling path-
ways, including the RAS–MAPK, PI3K–AKT–mTOR 
and STAT3 pathways, which suppress anoikis100,139,140. Of 
note, anoikis-suppressive factors in the TME are derived 
from CAFs, endothelial cells, infiltrating immune cells 
and the tumour cells themselves100, underscoring the 
complex crosstalk between cell types that contributes to 
metastasis in HNSCC.

Diagnosis, screening and prevention

Clinical presentation

HNSCC is a cancer of adults, with a median age at diag-
nosis of 66 years for HPV-negative HNSCC, 53 years 
for HPV-positive HNSCC and 50 years for EBV-positive 
HNSCC16,17,141. Irrespective of environmental or viral 
aetiology, the risk of all forms of HNSCC is substantially 
higher in men than in women. The classic presenting 
symptoms of HNSCC depend on both the anatomical 
site of the primary tumour and the aetiology of the 
tumour (environmental carcinogens, HPV or EBV).
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Oral cavity tumours. Cancers of the oral cavity, includ-
ing the mobile tongue, floor of the mouth, buccal 
mucosa, alveolar ridges, retromolar trigone and hard 
palate, classically present with a non-healing mouth sore 
or ulcer. Oral cavity tumours are often diagnosed at an 
early stage owing to the patient’s self-identification of the 
mass lesion and symptoms that interfere with the fun-
damental functions of eating and speaking, such as pain 
with chewing or dysarthria (difficulty speaking). Clinical 
suspicion should be heightened by the coexistence of risk 
factors for environmental carcinogenesis, including use 
of smokeless or combustible tobacco, areca nut and betel 
quid, and alcohol, and poor dentition.

p16INK4A-negative oropharyngeal and hypopharyngeal 

tumours. Primary tumours of the oropharynx, including 
the base of the tongue, the palatine tonsils, the soft palate 
and the hypopharynx, typically become symptomatic at 
a later stage, owing to their hidden anatomical location. 
When present, symptoms such as dysphagia (difficulty 
eating), odynophagia (pain when swallowing) or otal-
gia (ear pain) often herald a more advanced tumour. 
A personal history of combustible tobacco and alco-
hol use should raise the index of suspicion when such 
non-specific pharyngeal symptoms are present.

Laryngeal tumours. Patients with cancers of the larynx 
frequently present with voice changes or florid hoarse-
ness, resulting in diagnosis at an early stage. If tumours 
are neglected, patients can present with dyspnoea (dif-
ficulty breathing) and, ultimately, airway obstruction, 
prompting tracheostomy. The behavioural risk factors of 
combustible tobacco and alcohol use are multiplicative at 
the larynx and other HPV-negative sites142.

p16INK4A-positive oropharyngeal tumours. Patients with 
HPV-related cancers of the oropharynx most commonly 
present with a new, painless level II (lymph nodes at the 
upper jugular level) neck mass and an asymptomatic pri-
mary tumour. Because the risk factors for HPV-negative 
HNSCC are often absent, keen awareness of the 
twenty-first century epidemic of HPV-related HNSCC in 
North America and Western Europe is crucial for appro-
priate suspicion and early diagnosis. The dominant risk 
factors for HPV-related HNSCC include male sex and 
multiple life-time sexual partners34. However, the average 
latency period of 10–30 years from initial oral infection 
to ultimate diagnosis of p16INK4A-positive oropharyngeal 
cancer means that risk factors might be remote143. Thus, 
in all adults, a new neck mass is considered malignant 
until demonstrated otherwise. In a systematic review of 
minimally invasive transoral surgery to diagnostically 
assess an occult primary HNSCC tumour presenting 
as a cervical neck mass, the majority of tumours were 
p16INK4A-positive144. Diagnostic transoral robotic surgery, 
including palatine and lingual tonsillectomies, identified 
~70% of primary HNSCC tumours, which were most 
commonly localized in the base of the tongue145.

EBV-positive nasopharyngeal tumours. The most com-
mon presenting symptoms of nasopharyngeal carcinoma 
include a cervical neck mass, epistaxis (nosebleed) and 

unilateral nasal obstruction146. Owing to the proximity 
of the nasopharynx to the base of the skull, patients with 
more advanced tumours can present with conductive 
hearing loss or cranial nerve palsies. In east and south-
east Asia, where EBV-positive nasopharyngeal carci-
noma is endemic, an adult presenting with a new neck 
mass requires a complete head and neck evaluation with 
close attention to the nasopharynx.

Diagnosis

Histopathology. The diagnosis of HNSCC must be 
established by biopsy of the primary tumour and/or 
neck mass147. The biopsy method depends upon the 
location of the lesion. Primary tumours are typically 
approached with cup forceps, incisional biopsy or 
excisional biopsy, whereas the suspicious cervical neck 
mass should undergo fine needle aspiration (FNA). 
Excisional biopsy of a neck mass is not recommended 
unless the FNA biopsy sample has been persistently 
non-diagnostic, a primary site has not been identified on 
cross-sectional imaging or panendoscopy and/or lym-
phoma is suspected owing to concurrent non-cervical 
lymphadenopathy.

As HNSCC is derived from the stratified epithelium 
of the upper aerodigestive mucosa, the histopatho-
logical spectrum is characterized by the extent of 
cellular atypia and squamous differentiation (Fig. 6).  
A well-differentiated tumour closely resembles the strat-
ified epithelium, with mature-appearing cells organizing 
into layers with irregular keratinization, most classically 
manifesting as a ‘keratin pearl’ (Fig. 6a). A poorly dif-
ferentiated tumour is characterized by immature cells 
with nuclear pleomorphism and atypical mitoses, with 
minimal to no organized stratification or keratiniza-
tion (Fig. 6b). Of note, the observed extent of squamous 
differentiation is closely associated with aetiology: 
HPV-negative HNSCCs are more often moderately or 
well differentiated, with preservation of stratification 
and keratinization, whereas HPV-positive HNSCCs 
are poorly differentiated or even display basaloid 
morphology on histopathological analysis57.

The diagnosis of HNSCC can usually be made on the 
basis of routine histopathology with haematoxylin and 
eosin staining. However, in the case of poorly differen-
tiated or basaloid tumours, immunohistochemistry may 
be necessary to confirm an epithelial origin. HNSCC 
tumours routinely stain with pancytokeratin antibodies 
and markers of squamous differentiation, including anti-
bodies to cytokeratin 5, cytokeratin 6 and p63 (reF.148). 
HPV testing is mandatory for all oropharyngeal or 
unknown primary tumours, as it is a major determinant 
of modern staging and prognosis. Multiple techniques 
are available for determination of HPV status, including 
detection of E6 and E7 mRNA (by reverse transcription 
PCR), HPV DNA (by PCR or in situ hybridization) or 
the cell cycle protein p16INK4A (by immunohistochemis-
try)143. Consensus recommendations from the College 
of American Pathologists include testing all newly diag-
nosed oropharyngeal cancers for HPV by immunohisto-
chemistry for p16INK4A, with a diagnostic threshold  
of diffuse nuclear and cytoplasmic staining in >70% of 
tumour cells149 (Fig. 6c,d). Of note, the level of p16INK4A 
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is not a direct measure of HPV infection; p16INK4A is 
upregulated on the degradation of RB and, as such, is a 
functional surrogate for levels of the oncoprotein E7.

Staging. Stage and HPV status are now recognized as 
the major determinants of HNSCC prognosis in North 
America and Western Europe, although HPV-positive 
HNSCC was not identified as a disease with a distinct 
aetiology, molecular characteristics and prognosis until 
2010 (reF.150). Until 2017, the staging of HNSCC involved 
classification of disease within each classic anatomical 
subsite (oral cavity, oropharynx, hypopharynx or larynx) 
according to the tumour–node–metastasis (TNM) sys-
tem, independent of HPV status151. In 2017, the Union  
for International Cancer Control (UICC) and the 
American Joint Commission on Cancer (AJCC) released 
the eighth edition of the Cancer Staging Manual152. This 
edition contains three important changes to improve 
hazard discrimination and outcome prediction across 
HNSCC, including the addition of depth of invasion 
to tumour staging in oral cavity cancers, the addition 
of extracapsular nodal extension to nodal staging in 
non-viral HNSCC and codification of a novel staging 
system for HPV-positive HNSCC152. The new staging 
system for p16INK4A-positive oropharyngeal cancer has 
improved prognostic discrimination compared with 
the seventh edition, when applied to retrospective 
cohorts153–155. The revision of nodal staging, in particular 

the classification of any number of ipsilateral nodes of 
<6 cm (seventh edition, N1–N2b) as N1 disease, and the 
influence of nodal stage on overall stage group, resulted 
in a large stage migration from stages III–IVa in the sev-
enth edition to stages I–II in the eighth edition. Although 
hazard discrimination has probably improved for 
HPV-positive HNSCC, prospective outcomes data are 
needed to validate the eighth edition. Of note, the eighth 
edition does not account for tobacco use, which may be 
an important modifier of prognosis in p16INK4A-positive 
oropharyngeal cancer150. Unlike HPV-positive HNSCC, 
current staging of nasopharyngeal carcinoma in the 
eighth edition is strictly based on anatomy, without 
incorporation of viral or environmental aetiology. 
Nomograms incorporating baseline plasma EBV DNA 
into the staging system significantly improve hazard 
discrimination for EBV-positive nasopharyngeal carci-
noma, which is likely to be incorporated in subsequent 
editions of the UICC/AJCC Cancer Staging Manual156,157.

Following histopathological confirmation of 
HNSCC, the staging evaluation includes the follow-
ing procedures in all patients irrespective of HPV sta-
tus: complete head and neck examination with direct 
inspection of the oral cavity and fibre-optic nasopharyn-
golaryngoscopy as indicated; cross-sectional imaging 
of the head and neck by CT or MRI to establish the 
extent of locoregional disease; and chest CT to rule out 
distant metastatic disease. Where available, PET–CT 

a b

c d

Fig. 6 | Histopathology of HNSCC. a | Well-differentiated squamous cell carcinoma of the oral tongue, demonstrating 

mature cells with semi-organized keratinization and featuring a ‘keratin pearl’ (×10). b | A poorly differentiated squamous 

cell carcinoma of the base of the tongue (×10). Inset shows immature cells with nuclear pleomorphism and atypical 

mitoses, without apparent stratification or keratinization (×40). c | A p16INK4A-positive oropharyngeal squamous cell 

carcinoma characterized by diffuse nuclear and cytoplasmic staining for the cell cycle protein p16INK4A by immunohisto-

chemistry, indicative of human papillomavirus (HPV)-positive disease (×10). d | A p16INK4A-negative oropharyngeal 

squamous cell carcinoma demonstrates minimal staining by the same anti-p16INK4A antibody, a staining intensity that is 

indicative of HPV-negative disease (×40). In parts a and b, staining is with haematoxylin and eosin. HNSCC, head and neck 

squamous cell carcinoma. Images courtesy of G. Tranesh, University of Arizona.
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is preferred for distant metastatic staging in patients 
with locally advanced tumours or nodal disease158. In 
patients with tobacco-related HNSCC, the risk of a 
second tobacco-related primary tumour of the upper 
aerodigestive tract also warrants staging with panendos-
copy under anaesthesia, including direct laryngoscopy, 
oesophagoscopy and bronchoscopy159. As patients with 
HPV-positive or EBV-positive HNSCC rarely manifest 
SPTs, panendoscopy can be omitted in most cases143.

Primary prevention

‘Primary prevention’ involves interventions to reduce 
the incidence of disease in the first place, by decreasing 
exposures, altering modifiable behaviours or increasing 
resistance in healthy people who are at risk. When con-
sidered as a target for primary prevention, most cases of 
HNSCC would indeed be preventable with successful 
global elimination of tobacco use and implementation 
of HPV vaccination.

Tobacco and areca nut use. Worldwide, the majority of 
HNSCC cases are caused by individual use of tobacco, 
a known carcinogen. Tobacco use, whether smokeless 
(chew or snuff) or combustible (cigarettes, cigars or 
pipes), and chewing of areca nut products including 
betel quid, are modifiable risk factors. Evidence-based 
interventions for tobacco cessation at the individual level 
include programmes of behavioural and psychological 
support that identify tobacco users, provide personalized 
advice to quit, assess readiness to quit, provide assistance 
with a quit attempt and arrange follow-up. Quit attempts 
are more likely to be successful with the use of at least 
one of seven FDA-approved first-line pharmacotherapies, 
including five methods of nicotine replacement therapy 
(the nicotine patch, gum, lozenge, nasal spray or oral 
inhaler) and two non-nicotine oral medications, bupro-
pion and varenicline160. Evidence-based interventions at 
the national policy level have been ranked according to 
cost-effectiveness by the WHO, which classifies the fol-
lowing four strategies as ‘best buys’: increased excise taxes 
on tobacco products; large graphic warnings on cigarette 
packages; comprehensive bans on tobacco advertising; 
and enforcement of a national, comprehensive, ban on 
smoking in public spaces161. Unlike tobacco use, for which 
the WHO has published evidence-based policies for ces-
sation, no global policy exists for the control of areca 
nut or betel quid use162. As with tobacco, the areca nut  
is addictive, although the biological basis for addiction is 
less well understood. Research into both the mechanisms 
and social determinants of dependence is required in 
order to advance prevention and cessation programmes.

HPV vaccination. Three prophylactic HPV vaccinations 
are currently approved by the FDA and each is recom-
mended for a specific sex and age group: the bivalent vac-
cine (HPV-16 and HPV-18) for females aged 9–26 years, 
the quadrivalent vaccine (HPV-16, HPV-18, HPV-6 and 
HPV-11) for females and males aged 9–26 years, and the 
nonavalent vaccine (HPV-16, HPV-18, HPV-6, HPV-11, 
HPV-31, HPV-33, HPV-45, HPV-52 and HPV-58) for 
females and males aged 9–45 years. Whereas the indica-
tions for prophylactic HPV vaccination were established 

from the results of randomized, placebo-controlled tri-
als evaluating the burden of anogenital HPV infections, 
the effectiveness against oral HPV infection has been 
analysed retrospectively in three populations. In Costa 
Rica, a phase III trial of the bivalent vaccine demon-
strated 93% efficacy against oral infection with HPV-16 
or HPV-18 (reF.163). Young adults aged 18–30 years with a 
self-reported history of HPV vaccination demonstrated 
a considerably lower rate of vaccine-type-specific oral 
HPV infection, in repeated cross-sectional data analy-
sis of the National Health and Nutrition Examination 
Survey (NHANES) 2009–2014 (reF.164). Finally, a 
cross-sectional study of NHANES participants aged 
18–33 years estimated the individual and population 
level efficacy of the quadrivalent HPV vaccine. Efficacy 
against HPV vaccine-type-specific infection was 88% for 
oral HPV; however, the population-level effect on the 
burden of oral HPV-16, HPV-18, HPV-6 and HPV-11 
infections was only 17% overall, 25% in women and 7% 
in men, owing to low vaccination rates165.

The US Centers for Disease Control and Prevention 
(CDC) Advisory Committee on Immunization Practices 
recommends HPV vaccination for all children and 
adults aged 9–26 years166. More recently, the FDA 
approved HPV vaccination for adults aged 27–45 years  
who had not been adequately vaccinated earlier167. 
Currently, two doses of the vaccine are recommended 
for children aged 15 years or younger, whereas three 
doses are recommended for those older than 15 years. 
Although widespread vaccination has the potential to 
eliminate HPV-positive HNSCC, the low vaccination 
rates and exponential increase in incidence observed 
among men in the USA indicate that herd immunity is 
at least a generation away34.

Secondary prevention

Secondary prevention refers to the early detection of 
latent, asymptomatic disease and subsequent interven-
tions to halt disease progression to a harmful state. In 
cancer, secondary prevention typically involves screen-
ing, such as mammography to find and treat early stage 
breast cancers or Papanicolaou smears to identify and 
ablate pre-cancerous HPV lesions of the cervix. Although 
recognized OPLs, including leukoplakia, erythropla-
kia and dysplastic leukoplakia, are associated with an 
increased risk of HPV-negative HNSCC, most OPLs 
themselves do not transform into invasive cancer168,169. 
Rather, HPV-negative HNSCC arises from the grossly 
normal upper aerodigestive mucosa subject to ‘epithelial 
field cancerization’, where chronic exposure to carcino-
gens has resulted in molecular changes preconditioning 
towards malignant progression50. As such, patients with 
a first HPV-negative HNSCC are at high risk of a SPT of 
the upper aerodigestive tract, including in the head and 
neck, oesophagus or lung159. Due to the alarming rate 
of SPT formation, HNSCC has been a fertile field for 
the evaluation and eventual failure of multiple chemo-
prevention agents. For example, in the 1980s, high-dose 
isotretinoin, a synthetic vitamin A analogue, was found 
to reverse OPLs and prevent formation of SPTs in 
two landmark randomized trials; however, ultimately, 
high-dose isotretinoin was too toxic for chronic daily use 
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and has been abandoned170,171. More recently, the EPOC 
trial investigated erlotinib, a small-molecule inhibitor of 
EGFR, in patients with OPLs who had loss of heterozy-
gosity (LOH) at 9p and 3p. Although erlotinib was found 
to be ineffective, LOH was prospectively confirmed as a 
molecular biomarker of oral cancer risk172.

The development of an effective and tolerable chem-
oprevention agent against HPV-negative HNSCC 
remains an elusive but noble ambition. Modern trials of 
chemoprevention of tobacco-related cancers now focus 
on the cytoprotective, anti-inflammatory or immuno-
modulatory potential of repurposed pharmaceutical 
and nutraceutical compounds that are known to be 
well-tolerated during prolonged exposure. Ongoing 
secondary prevention trials include the evaluation of 
aspirin and other NSAIDs to reduce cyclooxygenase 
2 (COX2) signalling173; the study of metformin, an 
anti-hyperglycaemic biguanide that might block mTOR 
signalling in transforming epithelial cells174; and trials of 
‘green chemoprevention’ agents derived from crucifer-
ous vegetables rich in isothiocyanates, which are thought 
to induce carcinogen detoxification and, possibly, innate 
immunity175,176.

Screening

No validated tool exists for screening for HPV-positive 
HNSCC. HPV vaccinations are effective only for pri-
mary prevention, as their primary mechanism involves 
induction of anti-L1 capsid antibodies, which block the 
first infection step of viral entry. Furthermore, unlike 
cervical cancer, HPV-positive HNSCC lacks a cytolog-
ical or gross precursor lesion. Although epidemiology 
studies have consistently demonstrated an association 
between oral HPV DNA detection or anti-HPV-16 E6 
seropositivity and risk of oropharyngeal cancer, the rar-
ity of HPV-positive HNSCC reduces the clinical utility 
of such measures143.

Of note, a randomized, prospective screening trial in 
20,174 asymptomatic men was conducted in Hong Kong 
and demonstrated that plasma EBV DNA detection had 
97.1% sensitivity and 98.6% specificity for the identi-
fication of nasopharyngeal carcinoma42. Furthermore, 
nasopharyngeal carcinoma was detected at a signifi-
cantly earlier stage in the clinical trial population than 
in a historical cohort, with 71% versus 20% stage I–II 
disease, respectively.

Management

The treatment approach to every individual patient is 
guided by anatomical subsite, stage, disease character-
istics, functional considerations and patient wishes. 
Although natural history is different for HPV-related 
than for tobacco-related HNSCC, and intensive therapy 
is more difficult in elderly patients, these considera-
tions do not lead to absolute differences in how patients 
should be managed.

Surgery, radiation and chemotherapy

The principal modalities of curative therapy for locally 
or locoregionally confined HNSCC are resection, 
radiation and systemic therapy. Treatment planning 
should aim for the most highly curative approach, 

while optimizing preservation of function. In patients 
with a small primary cancer with no clinical nodal 
involvement, or involvement of only a single node, cure 
rates of over 80% can be achieved with single modality 
intervention (resection or radiation)177. Surgery is com-
monly used for oral cavity cancers, whereas radiation 
might be more commonly employed for pharyngeal 
and laryngeal cancers. For laryngeal cancers, a mod-
erately hypofractionated radiation schedule results in 
better locoregional control and survival than standard 
radiation therapy178,179. Advances in minimally invasive 
resection, including transoral robotic or laser resection 
and larynx-preserving partial laryngectomy, as well as 
improved reconstructive techniques, have extended  
the indications for primary surgical management in the  
hands of highly specialized head and neck surgical 
oncologists180,181. Occult metastases in the draining cer-
vical lymph nodes might be present even in patients with 
small, invasive primary tumours, and use of elective neck 
dissection improves survival182. In the event of treatment 
failure after single modality radiation or surgery, salvage 
with the alternative modality offers a high chance of 
cure181,183. For tumours with more advanced tumour or 
nodal stage, postoperative radiation or chemoradiation, 
guided by pathological risk factors, reduces the risk of 
recurrence and improves survival184,185.

Pathological features indicative of increased risk 
of recurrence include extra-nodal extension, close or 
involved surgical margins, or perineural invasion; when 
these are present, administration of high-dose cispla-
tin chemotherapy concurrently with radiation further 
improves disease-free survival and impacts survival in 
the highest risk groups184,185. The use of tri-modality 
therapy (that is, the addition of CRT following sur-
gery) is known to increase the late toxicities of radia-
tion, including chronic dysphagia and aspiration, and 
might increase the risk of non-cancer-related mortality 
in survivors186. For this reason, it is considered important 
to accurately predict the extent of disease, including the 
presence of extra-nodal extension, prior to initiation of 
definitive therapy, to avoid the need to add CRT after 
what was initially projected to be single modality surgi-
cal therapy, as currently happens in 65% of node-positive 
HPV-associated oropharyngeal cancers that are man-
aged primarily with resection187. Deep-learning neural 
networks, other radiomics approaches and functional 
imaging with PET offer promise in improving preop-
erative diagnostic accuracy188,189. Furthermore, there is 
a >50% likelihood of distant metastases in patients with 
HPV-positive oropharyngeal cancer and more than five 
nodes involved — such patients are also poor candidates 
for initial surgical management, given the potential 
positive impact of chemotherapy on micrometastases177.

Definitive treatment with CRT is recommended as 
non-surgical treatment for patients with advanced T 
stage (≥T3), more than one involved node or a single 
bulky node, and for function preservation. The standard 
chemotherapy regimen is single-agent cisplatin given at 
100 mg/m2 every 3 weeks190, with a 3-year survival of 37% 
in a predominantly HPV-negative population; however, in 
patients who are poor candidates for high-dose cisplatin 
owing to pre-existing hearing loss or renal injury, weekly 
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administration of 40 mg/m2 cisplatin might lead to a com-
parable outcome191. Although patients with T4 laryngeal 
cancer have previously been excluded from trials of 
larynx-preservation strategies because of the concern that 
even a complete response would not lead to restoration 
of larynx function183, larynx preservation may be consid-
ered in patients who respond to a single cycle of induction 
chemotherapy and retain good laryngeal function192. The 
EGFR-directed antibody cetuximab is also an effective 
radiation sensitizer4; however, survival is reduced when 
cetuximab is substituted for cisplatin in HPV-positive oro-
pharyngeal cancer5,6. EBV-related nasopharyngeal cancer 
is treatment-responsive but associated with increased risk 
of distant metastases. Additional chemotherapy exposure 
after the completion of CRT, or as induction therapy, 
leads to an improvement in survival of ~6% and should 
be considered the standard of care in patients with locally 
advanced disease193,194. Trials that have investigated tailor-
ing of adjuvant therapy in patients with persistent circu-
lating EBV DNA have to date not demonstrated the utility 
of this approach195. Combined modality therapy is asso-
ciated with substantial acute and late toxicities, including 
chronic dysphagia with a risk of aspiration pneumonia, 
and possibly increased non-cancer-related mortality186,196; 
therefore, expert multidisciplinary care, aggressive symp-
tom management and swallowing rehabilitation are 
crucial to functional recovery.

The use of multidrug chemotherapy before defini-
tive chemoradiation in tumours outside the nasophar-
ynx has been studied extensively and has been found 

not to improve OS compared with high-dose cisplatin 
and radiation197,198. However, the proportion of patients 
showing an objective response is high199, and induction 
chemotherapy can be used to reduce tumour volume in 
selected situations, such as impending airway obstruc-
tion or when a patient is not able to lie flat for radiation 
simulation but is not a candidate for immediate surgery. 
Induction chemotherapy may also be used to control 
disease when curative surgery cannot immediately be 
accessed, as has been the case in areas with surging 
incidence of COVID-19 (reF.200).

The recognition that patients with HPV-associated 
oropharyngeal cancer, small tumours or a light smok-
ing history enjoy exceptionally high survival150,201, 
but are treated with aggressive multimodality regi-
mens that were evaluated predominantly in the more 
treatment-resistant HPV-negative population, raises 
the question as to whether the toxicities and risks of 
such full-dose therapy are always warranted. A num-
ber of single-arm trials seem to demonstrate that in 
non-smokers with non-bulky tumours, response to 
induction chemotherapy predicts radiation sensitivity 
to the extent that radiation dose can be safely reduced 
from 70 Gy to 54 Gy (reFs202,203); however, randomized 
trials are required to confirm that this is an appropriate 
standard of care.

Immunotherapy

Among patients with recurrent or metastatic HNSCC, 
some may be cured by salvage resection, re-irradiation 
(particularly for nasopharyngeal cancer)204 or metasta-
sectomy (particularly for HPV-positive cancer)205 (Fig. 7). 
The remaining patients are considered for systemic ther-
apy. First-line treatment should include the immune 
checkpoint inhibitor pembrolizumab, an IgG4 human-
ized antibody to PD1, in patients with PDL1-expressing 
tumours or microsatellite instability, unless there is 
a contraindication to immunotherapy because of an 
underlying autoimmune disorder. A phase III trial 
compared pembrolizumab monotherapy or the combi-
nation of pembrolizumab with a platinating agent and 
5-fluorouracil with the same chemotherapy combined 
with cetuximab9. Chemotherapy plus pembrolizumab 
improved OS compared with chemotherapy plus cetux-
imab (13 months versus 10.7 months, respectively; HR 
0.77, P = 0.0034), with comparable response and toxic-
ity results. Pembrolizumab alone was non-inferior to 
combination chemotherapy plus cetuximab among all 
patients with HNSCC (median OS 11.6 months versus 
10.7 months, respectively; HR 0.85). Among patients 
with expression of the biomarker PDL1, defined as a 
combined positive score (CPS) of ≥20 or ≥1 (when CPS 
reflects all PDL1-expressing tumour cells, macrophages 
and immune cells as a proportion of the total number 
of tumour cells counted), survival was superior for 
pembrolizumab monotherapy than for chemotherapy 
plus cetuximab (14.9 versus 12.3 months, respectively). 
However, the proportion of patients showing response 
was higher for the chemotherapy combination; thus, 
many practitioners will favour pembrolizumab and a 
chemotherapy combination in patients with a higher 
disease burden and in those who are more symptomatic, 

Yes

Yes

No

Yes No

Local observation

CPS < 1? CPS > 1?

No

Single-agent nivolumab 
or pembrolizumab or 

clinical trial

Pembrolizumab 
monotherapy or 

clinical trial

Combination chemotherapy 
plus pembrolizumab or 

clinical trial

Combination 
chemotherapy plus 

cetuximab or clinical trial

Low tumour burden, 
asymptomatic, CPS > 20?

Diagnosis of disease recurrence or distant metastasis

<6 months since cisplatin-containing definitive therapy?

Amenable to local therapy with resection, radiation or limited volume re-irradiation?

Fig. 7 | Algorithm for treatment decision-making for recurrent and/or metastatic 

HNSCC. After a diagnosis of recurrent disease or distant metastasis, patients with disease 

that is amenable to local therapy receive resection, radiation or limited-volume irradiation 

and are then subject to observation. However, in patients who are not amenable to these 

therapies, systemic therapy is indicated. Pembrolizumab is chosen in those with PDL1 

expression (composite positive score (CPS) >1; CPS is (the number of PDL1-staining tumour 

and immune cells/total number of viable tumour cells counted) × 100), given alone in those 

with high expression and asymptomatic disease (CPS > 20), or given with platinum-based 

chemotherapy in those with lower expression (CPS 1–19) or higher symptom burden.  

If PDL1 expression is absent (CPS < 1), platinum doublet chemotherapy with cetuximab  

is appropriate first-line therapy. Patients who relapse after platinum-based therapy are 

candidates for nivolumab or pembrolizumab. HNSCC, head and neck squamous cell 

carcinoma.
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while reserving pembrolizumab monotherapy for those 
with lower tumour volume and the highest PDL1 
expression. A minority of patients with HNSCC who 
are treated with immune checkpoint inhibition may 
experience accelerated disease progression, often termed 
hyperprogression206. Hyperprogression is most likely in 
those with HPV-negative disease, or with bulky local or 
regional recurrence, and when immunotherapy is used 
without chemotherapy. Although hyperprogression is 
associated with a worse outcome, objective and even 
durable responses to chemotherapy can be observed 
in this setting, and vigilance and rapid alteration in 
therapy are important to maximize disease control207. 
For patients who experience immune-related adverse 
events, such as pneumonitis, colitis or other organ injury, 
treatment interruption and systemic corticosteroids 
are indicated208.

Patients who are not candidates for first-line 
immuno therapy should receive cetuximab plus com-
bination chemotherapy with a platinating agent and 
either 5-fluorouracil209 or paclitaxel. In the second line, 
where the prognosis for survival is worse, PD1 inhibition 
may be reconsidered in some patients despite a history 
of autoimmune disease, as immune checkpoint inhibi-
tors are also active in patients with cisplatin-refractory 
disease. Two randomized trials compared PD1 inhibi-
tion with either nivolumab7 or pembrolizumab210 with 
single-agent standard-of-care chemotherapy in patients 
whose disease was cisplatin-refractory because they 

had progressed on cisplatin-based therapy for recurrent  
and/or metastatic disease, or because cancer had 
recurred within 6 months of concurrent cisplatin 
and radiation treatment. In each case, PD1 inhibition 
improved survival compared with chemotherapy; a small 
proportion of patients experience very durable benefit 
and some may benefit from continued therapy after 
progression211,212. For patients with metastatic and/or  
recurrent HNSCC, many clinical trials are currently 
available that are exploring novel immunotherapies, 
as well as the very promising combinations of immune 
checkpoint inhibition with multi-targeted kinase 
inhibitors and other anti-angiogenic agents213.

Throughout treatment, attention to symptom man-
agement, functional rehabilitation and appropriate 
incorporation of palliative care services are key to main-
taining performance status and QOL, and supporting 
patients at the end of life.

Quality of life

Patient health and supportive care

Given the complex nature of everyday functions within 
the head and neck area, the inherent consequences  
of HNSCC and its treatment and the increasing choices of  
treatments have a large effect on the health-related QOL 
(HRQOL) of patients with HNSCC.

The wide array and combinations of treatments all 
have their specific sequelae, including physical, emo-
tional, functional and social sequelae, and occupational 
dysfunction, as well as a profound effect on the families 
of patients with HNSCC214. Furthermore, HRQOL is 
significantly associated with survival215,216. For exam-
ple, a clinically meaningful association exists between 
HRQOL scores measured at diagnosis and OS of patients 
after treatment (HR 0.90, CI 0.86–0.94, P < 0.001)217. 
Depending on the primary tumour site, patients with 
HNSCC might be confronted with specific symptoms, 
such as oral dysfunction and swallowing and speech 
problems, during treatment, which often improve 
6  months after treatment218. However, long-term 
reduction in QOL in HNSCC survivors (at 10 years) is 
common219. On average, overall HRQOL deteriorated 
by 11% when compared with pretreatment, and by 15% 
when compared with years 1 and 2 after treatment219.

To provide individualized (supportive) care, mon-
itoring HRQOL in a structured manner in clinical 
research and practice is important. HRQOL is typi-
cally assessed using patient-reported outcome meas-
ures (PROMs)220. Widely used PROMs among patients 
with HNSCC include the European Organization for 
Research and Treatment of Cancer (EORTC) Quality 
of Life Questionnaires (QLQ-C30, QLQ-HN35 and 
QLQ-HN43)221 and the Functional Assessment of 
Cancer Therapy – Head & Neck Cancer (FACT-H&N)222.

Survivorship

With the increase in incidence and improved survival, 
more people have to cope with living beyond a diagnosis 
of HNSCC and its treatment (see Box 1). From a more 
individualized perspective, this post-diagnosis survival 
has been defined as “living with, through and beyond a 
cancer diagnosis”223,224. For HNSCC specifically, patients 

Box 1 | Patient experience

A 58-year-old male patient who is a board member of a large international company 

underwent platinum-based chemoradiotherapy (70 Gy) for a T1N1 human papillomavirus 

(HPV)-positive oropharyngeal carcinoma from the left tonsil 1 year ago and describes  

his experience.

“The reaction from my team at work was superb. We agreed I would focus 100% on 

myself, and within a week I was entirely out of the loop. It was sad as well, to find out 

how quickly you become dispensable. These feelings stayed with me for months, even 

after I returned to work 6 months later. Disconcerting was the discovery that my 

treatment for a stage 1 cancer would be basically the same as for advanced cancer.

The first round of chemo went surprisingly well. The radiotherapy sessions were well 

organized and pleasantly on time. The second chemo session hammered me, and the 

radiotherapy sessions started taking their toll. My appetite went down as my mouth 

went dry and my sense of taste slipped away. By the time of the third chemo session I 

absolutely knew and felt that I was in a war of attrition. Somewhere along the line I 

developed a persistent diarrhoea that added to the feeling of being drained. Entering 

my last week of radiotherapy, I was dehydrated, underfed, and weak to the point of 

having to lie down while waiting for the radiotherapy sessions.

Thankfully some of my worst fears did not materialize, such as being put on a feeding 

tube or getting radiotherapy burns that would have required additional interventions. 

During the treatment my throat did swell and became constrained, but in my view  

this was not the major cause of the relatively mild swallowing or speech problems  

I experienced. The main factors were having a dry mouth and being foggy-brained.  

The fogginess took about two months to clear, about as long as it took me to stop 

carrying a water bottle everywhere all the time. I had anticipated this would take longer 

and I think it’s a benefit of having been irradiated on one side of the throat only.

There are five remaining physical symptoms from my treatment: mouth dryness  

(back at 85% of where I was), loss of taste, alopecia spots in my beard and frequent 

tinnitus in the ears, and lower energy levels. At work and at home and socially things are 

basically back to normal as well. Generally, I take things easier and I do not stress about 

the discomforts; it’s way better than where I was and could have ended up.

Whatever happens, it’s clear that the fear of falling badly sick again and spending days 

in hospital is something that consciously or unconsciously besets me and probably all 

surviving patients with cancer.”
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are confronted with numerous, profound disabilities 
owing to the anatomical complexity of the head and 
neck region, which can also affect patients’ families225. 
Swallowing and speech impairments occur in ~50% of 
HNSCC survivors following radiotherapy treatment and 
are often present long term226. For example, a majority 
(68%) of HNSCC survivors reported voice problems 
even 10 years after radiotherapy227. Furthermore, the 
2-year prevalence of dysphagia is 45% among HNSCC 
survivors (all therapies) and is four to eight times more 
likely to occur in these individuals than in those who 
have never had cancer228.

Moving forwards

An integrated approach to survivorship care in HNSCC 
survivors, including (early) rehabilitation, psycho-
social care, lifestyle interventions and self-management, 
are likely to be implemented in the next 5–10 years229. 
In addition, peer support can be important in addressing 
the general and specific survivorship needs of individual 
patients230.

Substantial efforts are being made to improve 
HRQOL in patients with HNSCC by developing e-health 
applications, including self-monitoring of HRQOL and 
self-help interventions231. These innovations carry the 
promise of sustainably improving supportive care and 
empowerment of HNSCC survivors232. Measurement 
precision of HRQOL by PROMs can benefit from other 
data sources as biomarkers and from objective meas-
ures (collected using, for example, wearable devices, 
such as a smart watch, that record and analyse physi-
cal activity)233. Furthermore, emerging data-driven 
analytics can be used to study and improve forecasts  
of HRQOL233.

One of the current major challenges is to make col-
lected HRQOL data universally available to patients and 
clinicians in a meaningful way that will facilitate the 
design of treatment regimens and post-therapy deci-
sions and indicate appropriate supportive care for the 
individual patient.

Outlook

Advances in biotechnology, drug development, robotic 
surgery, radiotherapy approaches and molecular charac-
terization of human cancers (including HNSCC) in the 
twenty-first century were expected to lead to improved 
outcomes for patients with HNSCC. However, despite 
these advances, outcomes have remained mostly 
unchanged for the past few decades, especially for 
HPV-negative HNSCC, and short-term and long-term 
treatment-associated morbidities are still substantial. 
Most patients still present with advanced-stage disease 
and are treated with platinum-based chemotherapy reg-
imens that were approved by the FDA in 1978. Patients 
who survive their first HNSCC (especially HPV-negative 
HNSCC) remain at risk for development of a SPT of 
the upper aerodigestive tract for the rest of their lives. 
The requirement for multidisciplinary care (including, 
amongst others, head and neck surgery, radiation oncol-
ogy, medical oncology, head and neck pathology, speech 
language pathology, nutrition, prosthodontics and oral 
medicine) coupled with the rarity of HNSCC in most 

countries, underscores our recommendation that all 
patients with HNSCC should be treated in centres with 
high case numbers and by experienced multidiscipli-
nary teams. An analysis conducted in the USA employ-
ing the National Cancer Database showed that patients 
undergoing curative radiotherapy at facilities with high 
case numbers and academic centres showed higher 
survival than patients treated at centres with low case 
numbers234. Even when patients with HNSCC are treated 
in a multi-institutional chemoradiation clinical trial, the 
OS of those patients treated at centres that enrol more 
patients in trials in the USA was significantly longer than 
that of patients treated at institutions that enrol fewer 
patients235. In a pooled analysis of six randomized, con-
trolled trials in Italy, patients with HNSCC treated at 
centres with high case numbers showed longer survival 
than patients treated at centres with low case numbers236. 
Despite improvements in treatment options, particularly 
the incorporation of immune checkpoint inhibitors  
into the standard of care, we also recommend that all 
patients with advanced, incurable HNSCC be offered 
the opportunity to participate in clinical trials that are 
based on a strong biological rationale. TaBle 1 lists tri-
als of HNSCC treatments in the National Clinical Trials 
Network that are currently open for patient enrolment. 
Fortunately, numerous clinical trials are ongoing and 
precision medicine approaches are emerging.

HPV-positive HNSCC

The awareness that HPV contributes to oropharyn-
geal HNSCC in the majority of patients has markedly 
affected clinical practice. HPV vaccination has been 
shown to prevent infection with HNSCC-causing 
HPV types, including HPV-16 and HPV-18, which are 
responsible for the majority of HPV-positive HNSCC. 
In the USA, HPV vaccination is generally administered 
at the discretion of the paediatrician and the parents, 
with only Virginia, Rhode Island and the District of 
Columbia requiring the HPV vaccine for public school 
attendance. The WHO recommends HPV vaccina-
tion as a part of routine vaccinations in all countries. 
Barriers to widespread vaccination of all girls and boys 
prior to HPV infection include cost, general vaccine 
scepticism and concerns that administration of a vac-
cine against a sexually transmitted virus will encour-
age sexual activity. Stated simply, HPV vaccination of 
all children and young adults prior to HPV infection 
is likely to dramatically reduce, if not eliminate com-
pletely, HPV-positive HNSCC. Whereas the incidence 
of smoking-related HNSCC continues to decline world-
wide, that of HPV-positive HNSCC is on the rise237. The 
number of men with HPV-positive HNSCC has now 
surpassed the number of women with HPV-associated 
cervical cancer in the USA238, suggesting that without 
widespread HPV vaccination, HPV-positive HNSCC 
could reach epidemic proportions. We encourage clini-
cians who treat patients with HNSCC to partner with 
paediatricians, public health officials and politicians to 
increase HPV vaccination rates worldwide.

As the pathogenesis of HPV-positive HNSCC seems 
to be distinct from that of HPV-negative HNSCC, a 
tantalizing possibility is that HPV-positive tumours 

16 | Article citation ID:            (2020) 6:92  www.nature.com/nrdp

PR IMER

0123456789();



have unique vulnerabilities that could be exploited 
for therapeutic purposes. Non-smokers who develop 
HPV-positive HNSCC generally survive their head 
and neck cancer, and clinical strategies to date have 
focused on identifying treatments that are associated 
with reduced morbidity. The known toxicities of the 
EGFR inhibitor cetuximab are notably less severe than 
those of platinum chemotherapy. In an effort to reduce 
treatment morbidity and maintain the high survival in 
patients with HPV-positive HNSCC, phase III clinical 
trials have compared cetuximab plus radiation with cis-
platin plus radiation. These studies have demonstrated 
that cetuximab is inferior to cisplatin in HPV-positive 
disease, thus precluding this FDA-approved molecular 
targeting agent as a treatment option for HPV-positive 
HNSCC5,6. Studies leading to the incorporation of 
immune checkpoint inhibitors, including pembroli-
zumab and nivolumab, into standard of care for 
HNSCC have included both patients with HPV-positive 
and patients with HPV-negative disease. FDA approval 
of these agents for HNSCC treatment confirmed the 
power of harnessing the immune system for HNSCC 
therapy. However, given the improved outcome in most 
patients with HPV-positive HNSCC, they are less likely 
to receive these immune checkpoint inhibitors as part 
of standard of care than patients with HPV-negative 
HNSCC. Ongoing and future research aimed at eluci-
dating the immune profile of HPV-positive HNSCC 
is expected to help define therapeutic targets in 
this population. Mitigating the toxicities associated 
with standard of care, including platinum chemo-
therapy and radiation, for these patients remains an 
important objective.

Molecular characterization of HNSCC

Substantial progress has been made over the past decade 
in the molecular characterization of both HPV-positive 
and HPV-negative HNSCC, culminating in TCGA59,71,72. 
These collective efforts have confirmed the preponder-
ance of TP53 mutations, identified previously unknown 
NOTCH1 mutations and provided a platform to test 
precision medicine approaches in HNSCC. Success 
stories include the recognition that HRAS mutations 
may serve as predictive biomarkers for treatment with 
farnesyl transferase inhibitors, such as tipifarnib239, 
and evidence that oncogenic PIK3CA mutations are 
common and could be used to identify patients with 
HNSCC who are most likely to benefit from PI3K 
pathway inhibitors69,240. Although some centres are 
routinely evaluating the mutational profile of HNSCC 
tumours, the tumours in the majority of patients with 
HNSCC remain uncharacterized, even when these 
patients present with recurrent or metastatic disease. 
Furthermore, the role of tumour mutational burden 
as a predictive biomarker for immuno therapy remains 
incompletely understood and efforts are underway to 
establish guidelines that are designed to harmonize 
tumour mutational burden evaluation and reporting241. 
Prospective, targeted sequencing, supported by efforts 
such as the American Association for Cancer Research 
Project Genie, aim to provide a publicly accessible inter-
national cancer registry of real-world data assembled 
through data sharing242. Importantly, single-cell tran-
scriptomic analysis is a powerful new tool for defining 
diverse intratumoural expression programmes and 
differences among tumours from different patients, as 
has been demonstrated in HNSCC137,243. In addition, 

Table 1 | Current National Clinical Trials Network head and neck cancer trials

Protocol 
number

Phase Protocol

EA3132 II Randomized trial of radiotherapy with or without cisplatin for surgically resected HNSCC with 
TP53 sequencing

EA3161 II/III Randomized trial of maintenance nivolumab versus observation in patients with locally 
advanced, intermediate risk HPV-positive OPCA

EA3163 II Randomized trial of neoadjuvant chemotherapy followed by surgery and postoperative 
radiation versus surgery and postoperative radiation for organ preservation of T3 and T4a 
NPNSCC

NRG-HN001 II/III Randomized studies of individualized treatment for nasopharyngeal carcinoma based on 
biomarker EBV DNA

NRG-HN004 II/III Randomized trial of radiotherapy with concurrent MEDI4736 (durvalumab) versus radiotherapy 
with concurrent cetuximab in patients with stage III–IVb head and neck cancer with a 
contraindication to cisplatin

NRG-HN005 II/III Randomized trial of de-intensified radiation therapy for patients with early-stage, p16+, 
non-smoking-associated oropharyngeal cancer

RTOG-1008 II Randomized study of adjuvant concurrent radiation and chemotherapy versus radiation alone 
in resected high-risk malignant salivary gland tumours

RTOG-1216 II/III Randomized trial of surgery and postoperative radiation delivered with concurrent cisplatin 
versus docetaxel versus docetaxel and cetuximab for high-risk HNSCC

EAY131 II Molecular analysis for therapy choice (MATCH)

S1609 II Dual anti-CTLA4 and anti-PD1 blockade in rare tumours (DART)

The table includes trials that were open for patient enrolment as of 15 April 2020. CTLA4, cytotoxic T lymphocyte antigen 4;  
EBV, Epstein–Barr virus; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; NPNSCC, nasal and 
paranasal sinus squamous cell carcinoma; OPCA, oral and pharyngeal cancer.
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increased use of relevant preclinical models, includ-
ing patient-derived xenografts244,245 and organoids246,  
should facilitate the translation of laboratory discoveries 
to patients with HNSCC.

Immunotherapy

The importance of the immune system in the develop-
ment and treatment of HNSCC has long been recog-
nized, leading to early efforts to treat this malignancy 
using strategies to activate endogenous immunity. 
The FDA approval of immune checkpoint inhibitors 
in 2016 for the treatment of recurrent or metastatic 
disease, and for front-line treatment of inoperable 
or metastatic cancer in 2019, definitively altered the 
landscape of HNSCC therapy and clinical trial oppor-
tunities. In patients who benefit from these agents, 
responses seem to be durable7–9. However, to date, 
only a subset of patients with HNSCC are expected to 
respond to immune checkpoint inhibitors, and relia-
ble predictive biomarkers are needed. Evidence exists 
that PDL1 expression levels in the tumour may indi-
cate a likelihood of clinical benefit, which led to the 
2019 approval of pembrolizumab as first-line therapy 
in patients with HNSCC whose tumours have a CPS  
of ≥1 (reF.9).

In addition to FDA-approved and emerging agents 
that target PD1 or PDL1, the anti-CTLA4 monoclonal 
antibody ipilimumab is also in active clinical develop-
ment (>20 trials are in progress) for HNSCC treatment. 
The non-redundant functions of PD1 and CTLA4 in 
regulating the adaptive immune system serve as the basis 
for combining PD1 and CTLA4 inhibitors for cancer 

therapy, including HNSCC, in ongoing clinical trials. 
Whereas PD1 and PDL1 inhibitors are generally well 
tolerated, CTLA4 inhibitors are associated with more 
toxicity247, and it will be important to balance efficacy 
and toxicity when combining these agents. In addition, 
although adaptive immune cell therapies (for example, 
chimeric antigen receptor (CAR) T cells) and therapeu-
tic vaccines are not FDA-approved, they are under active 
investigation in head and neck cancer and represent a 
promising new avenue for therapy.

The era of immune-oncology has highlighted the 
limitations of traditional preclinical HNSCC models, 
including cell lines and xenografts derived from cell lines 
and patient tumours. Even though patient-derived xeno-
grafts are a more accurate model of the patient tumour 
than cell lines, the xenograft stroma largely consists of 
mouse cells and these models are generally grown in 
immunocompromised mice. The advent of immuno-
competent HNSCC models offers the opportunity to 
evaluate immunotherapies in more realistic animal 
models of HNSCC prior to initiating clinical testing. 
For example, a report of a syngeneic carcinogen-induced 
HNSCC tumour in immunocompetent mice demon-
strates the ability of these models to assess responses 
to anti-CTLA4 antibodies248. Given the limitations of 
preclinical models to study immune perturbations, the 
development of novel clinical trial platforms in conjunc-
tion with immune profiling approaches offer opportu-
nities to test the effect of novel immunotherapies in the 
clinical setting with minimal risk249.
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