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Introduction  

Of all the oncoviruses, human papillomavirus (HPV) causes the largest proportion of 

cancers, with an estimate in 2018 of 5.2% of cancers being accounted for by HPV globally 1. 

Although there are 12 HPV-types established as carcinogens, known as high-risk HPVs 

(HR-HPVs) 2, HPV16 and -18 are the two HPV-types most commonly associated with the 

development of cervical carcinoma and squamous cell carcinomas of the head and neck 

(HNSCC) 3.  

The relationship between HPV and cervical cancer is well established and understood. Since 

the introduction of the HPV vaccination and cervical screening tests for pre-malignant 

lesions, the incidence of cervical cancer has decreased 4 and is expected to continue 

following this trend, with estimates of 60% reduction of cervical cancer incidence globally 

after vaccinating females for 25 years based on epidemiological dynamic simulations 5. 

Conversely, the relationship between HNSCC and HPV is not as well studied and the 

efficacy of the HPV vaccine against HNSCC is poorly understood 6.  

HNSCC is the sixth most common cancer worldwide 3,7, with the subcategory of 

oropharyngeal squamous cell carcinomas (OPSCCs) being most commonly linked to HPV-

infection. The two commonest anatomical sites of OPSCC are the tonsils, followed by the 

base of the tongue, which are both linked to HR-HPV and are exhibiting unexpected trends 

in their incidence 8. 60% of OPSCCs are estimated as caused by HPV, rather than other risk 

factors 3,7, with HPV16 causing 90% of cases 8. Additionally, the US displayed a 225% 

increase in HPV-positive OPSCC (HPV-OPSCC) between 1998 and 2004 9.  

  

 

 

 

 

 

 

 

 

Figure 1: Photo of a left tonsillar SCC 

outlined by a blue line. Image adapted 

from reference 62. 

Figure 2: Image of human 

papillomavirus particles using electron 
microscopy. Photo credits to Susan 
Hafenstein, Director of Cryo-EM 
Imaging Facility, Penn State College of 
Medicine.  



Historically the commonest causes of OPSCC are tobacco use and alcohol consumption 

respectively 3,7,10, but over the last 20 years government initiatives and campaigns have 

successfully reduced the prevalence of smoking 11. Sturgis & Cinciripini (2007) described 

that in the U.S. the prevalence of tobacco-use and smoking has dropped significantly since 

the mid-1970s, which accounts for the reduced incidence of head and neck cancer overall 

(see Figure 3(A) for decreasing incidence of oral cavity tumours); however they also 

identified that patients presenting with HPV-OPSCC did not report the usual characteristic 

risk factors of smoking or excessive alcohol consumption 11. The patients presenting with 

HPV-OPSCC are predominantly Caucasian males and are younger than expected, with a 

decreased risk from smoking (10 pack years or less) and alcohol consumption compared to 

those presenting with HPV-negative OPSCC 12–14. Table 1 shows the decreasing trend in 

age of OPSCC patients.  

 

 

The increasing involvement of HPV in OPSCC is evident, not only from the changing 

dynamic of presenting patients, but also from the incidence trends displayed in Figure 3. The 

blue line in Figure 3A shows the overall decreasing trend of all oral cavity squamous cell 

carcinomas (SCCs), which mimics the decreasing trend in HNSCCs 15. The red line in Figure 

3B shows that all pharyngeal SCCs, excluding the OPSCC subcategories of tonsillar and 

base of tongue, show no significant increasing or decreasing trend. The significance of 

Figure 3B is that OPSCC incidence is increasing and within that subcategory, tonsillar and 

Anatomical site of squamous 

cell carcinoma (SCC) 
Number of cases reported (%) Total 

number of 

cases 

reported  

 Aged 

20-44 

years  

Aged 

45-54 

years 

Aged 

55-64 

years  

Aged ≥ 

65 years  

Oral cavity  2262 (7) 
5296 

(16) 

9254 

(27) 

17,052 

(50) 
33,864 

Pharynx (excluding 

nasopharynx) 
1251 (5) 

4636 

(20) 

7764 

(33) 

9909 

(42) 
23,460 

Oral tongue (subcategory of 

oral cavity)  
871 (39) 7216 (23)  

 

Tonsil (subcategory of 

pharyngeal)  
554 (44) 6562 (30) 

 

Base of tongue (subcategory 

of pharyngeal)  
382 (31) 5657 (25) 

 

Oropharynx (subcategory of 

pharyngeal) 
64 (5) 1789 (8) 

 

Table 1: Data highlighting the number of cases of subcategories of head and neck squamous cell 

carcinoma reported in the U.S. between 1973 and 2001. Data and table adapted from reference 15. 



base of tongue SCCs are increasing at the greatest rate. The disparity in incidence between 

oral cavity SCCs and OPSCCs may be due to HPV tumorigenesis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Overall survival rates for patients with OPSCC are poor, with 5-year survival averaging 25% 

8, however studies indicate improved prognosis for HPV-OPSCC due to increased radio-

sensitivity in this tumour type 16,17. Current OPSCC treatment in the UK depends on TMN 

staging, of which there is an adjusted TNM classification for HPV-positive OPSCC 18. This 

was created to remove the falsely poor prognosis given previously to HPV-positive OPSCC 

when classified by the same TNM stage as HPV-negative 19. Despite the HPV-mediated 

(p16-positive) OPSCC TNM staging tool improving prognosis and risk stratification of these 

cancers, the treatment remains the same for this cohort as for HPV-negative OPSCC. In the 

UK, current treatment for OPSCC depends on staging: stage I or II usually consists of radical 

radiotherapy with adjuvant surgery; whereas stage III or IV is most commonly surgery with 

post-operative radiotherapy (PORT) with or without chemotherapy. 

Figure 3: (A) Comparing trends of different oral squamous cell carcinoma incidence in white 

Americans aged 20-44; (B) Comparing trends of different pharyngeal (excluding nasopharyngeal) 

squamous cell carcinoma in white Americans aged 20-44. Adapted from reference 15. 



As more patients are presenting with this cancer 9, it seems appropriate for treatment to 

become more tailored, allowing better individualised oncological care. There are already 

promising outcomes for HPV-OPSCC patients based on standard care for all OPSCCs (see 

Figure 4), however this essay will discuss evidence that differing HPV-OPSCC treatment 

from that of HPV-negative OPSCC could retain treatment efficacy while reducing treatment 

toxicity.   

 

Radiotherapy of HPV-OPSCC   

Side-effects of radiotherapy are well documented and are more severe with higher overall 

doses 20. These are particularly pertinent in the head and neck due to functional impairment 

of critical structures such as thyroid, parotid glands or upper gastrointestinal tract, with 

specific side-effects including oral mucositis and dysphagia short-term, while longer-term 

side effects include xerostomia, dental caries, feeding tube dependence and hypothyroidism 

21,22. The most significant long-term side-effect of radiotherapy is secondary cancer caused 

by the ionising radiation. This is less common in older head and neck cancer (HNC) patients 

who have poor predicted survival, however the improved survival in younger HPV-positive 

Figure 4: Survival rates for patients with human papillomavirus positive (HPV+) tonsillar squamous cell 

carcinomas (SCCs) compared to HPV negative (HPV-) tonsillar SCCs in the months following initial 

diagnosis. Circles indicate deaths caused directly by tonsillar SCC and plus signs indicate removal from 

study (e.g. patient withdrawal, death by cause other than tonsillar SCC). Graph adapted from reference 63. 



OPSCC patients means they may live to develop cancer secondary to radiotherapy 23. For 

this reason, it is important to attain radiotherapy dose-reduction for HPV-OPSCC patients. 

Minimising irradiation is being achieved generally within clinical oncology through the 

introduction of improved patient immobilisation during set-up, intensity-modulated 

radiotherapy (IMRT) and image-guided radiation therapy (IGRT) amongst other changes 24. 

There is potential for further specific dose-reduction in HPV-OPSCC due to documented 

increased radio-sensitivity in these cancers compared with HPV-negative OPSCC 25,26. This 

is a quality of HPV-OPSCC that should be utilised to reduce the chance of cancer secondary 

to radiation and the unpleasant side-effects associated with aggressive HNC radiotherapy.  

Currently in the NHS, adjuvant altered fractionation is offered to OPSCC stage III and IV 

patients, irrelevant of their HPV-status, as there is evidence that hyperfractionation (daily 

dose is administered in two smaller fractions rather than one standard fraction) is superior to 

standard fractionation 27. Although this improves survival outcomes in OPSCC, the total 

radiation dose administered is higher in hyperfractionation compared with standard 

fractionation (81.6 Gy in 68 twice-daily fractions for 7 weeks compared with 70 Gy in 35 daily 

fractions for 7 weeks respectively) 28. Although Beitler et al. (2014) found late toxicity at 5 

years was not increased with hyperfractionation compared to standard fractionation in 

OPSCC, later follow-up of HPV-OPSCC participants may show more secondary cancers 

resulting from this increased irradiation. 

Balancing improved survival and reduced toxicity from ionizing radiation in clinical oncology 

is not always as successful as clinicians would hope. Current research shows that 

radiotherapy side-effects in HNC can be significantly reduced if the total dose is limited to 

52-55 Gy 20. Understanding the molecular mechanisms of HPV in OPSCC carcinogenesis 

can help explain the reasons why HPV-OPSCC may be suitable for de-intensification of 

treatment to benefit the patient by potentially matching this target range for reducing side-

effects while sustaining treatment benefit.  

 

Molecular mechanisms underpinning relative HPV-OPSCC radio-sensitivity 

Figure 5 demonstrates how HPV-OPSCC cells expressing viral oncoprotein E6 undergo less 

p53-mediated apoptosis than cells not expressing E6. This causes increasing genomic 

instability in HPV-OPSCC cells, which is poorly repaired due to abrogation of cellular 

senescence and the DNA damage response through additional E6 downregulation of the 

ATM/ATR pathway with further transcriptional repression of p53 29–32.  



 

 

 

 

 

 

Additionally, HPV oncoprotein E7 constitutively activates cellular proliferation and DNA 

synthesis in the cell through phosphorylation and degradation of pRb (figure 6B), which 

causes well differentiated keratinocytes to undergo unscheduled S-phase re-entry. This 

causes loss of cell cycle control, genomic instability and cellular stress 33,34, normally 

triggering the cell to undergo p53-mediated apoptosis; however this function of the cell has 

been removed by E6 as described above 35,36. Downregulation of p53 and pRb due to E6 

and E7 viral oncoproteins causes an increase in cellular p16 expression 37.  

 

 

 

 

 

 

 

 

 

p16 overexpression in cells is the current histopathological marker used to detect HPV in 

OPSCC and evidence suggests this plays a role in radio-sensitivity in these cells 38. 

Figure 5: Schematic showing degradation of p53 in the presence of E6. Complex formation of p53 

and E6 with ubiquitin-protein ligase E3A (UBE3A) causes ubiquitinoylation of p53 and degradation 

of p53 via the ubiquitin proteolysis pathway (due to recognition by the 26S proteasome).  

Figure 6: E7 interaction with retinoblastoma tumour suppressor (pRb). A: normal interaction of pRb 

(retinoblastoma tumour suppressor) with E2F family of transcriptional regulators. B: E7 LxCxE (Lysine-X-

Cysteine-X-Glutamic acid, X being any amino acid) motif binds to unphosphorylated pRb, targeting it for 

proteasomal degradation and preventing further pRb/E2F1 complex forming. CDK, cyclin dependant kinase. 

 



Resistance of HPV-negative HNSCC to radiotherapy is well documented and can be 

accounted for by molecular changes including mutated p53 39,40, low p16 expression 38 and 

epithelial growth factor receptor (EGFR) overexpression 41. Conversely HPV-positive 

HNSCC (usually OPSCC) show no changes or the opposite effect in these cellular markers, 

such as decreased EGFR expression and upregulated p16 expression 42. 

Radio-sensitivity describes increased apoptosis and cellular oxidative stress after exposure 

to ionizing radiation, which is determined by principles of the ‘four R’s of radiobiology’ (repair, 

reoxygenation, redistribution and regeneration) 43,44. It is thought that HPV-OPSCCs 

enhance these four roles in various ways through the cellular pathways that are commonly 

abrogated, however they appear to alter “repair” the most44. There is evidence that the DNA 

double-stranded break (DSB) repair mechanisms in HPV-positive cells are significantly 

impaired compared with HPV-negative cells after irradiation with 5 Gy 45. This caused a 30% 

increase in radio-sensitivity in HPV-positive cells, with concurrent cisplatin therapy showing 

to further increase the radio-sensitivity by 20% 45. Additionally, redistribution (in relation to 

the baseline cell-cycle distribution) is an aspect of radiobiology that may increase radio-

sensitivity in HPV-OPSCC. The G2/M phase of the cell cycle is most radiosensitive, as this is 

where the majority of DNA damage is detected and either repaired or used as a trigger for 

apoptosis prior to cell division 44,46. Several studies have shown a higher proportion of HPV-

positive HNSCC cells with sustained G2/M phase after irradiation compared with HPV-

negative cells, with the HPV-positive cells showing enhanced radio-sensitivity 16,32. Apoptosis 

induced by G2/M phase detection of irreparable DNA damage in HPV-infected cells is via 

p53 16. It has been proven that low levels of unmutated p53 are still detectible in these cells 

despite E6 downregulation 16.  Figure 7 summarises this.  

 

 

 

 

 

 

Figure 7: Summarising effect of remaining p53wt function in HPV-positive (+) OPSCC compared with HPV-

negative (-) OPSCC. HPV- OPSCC procures p53mut via exposure to carcinogen, such as tobacco or alcohol. 

Although some DNA repair will be induced by this pathway, the DNA damage resulting from radiation 

exposure is great enough to induce apoptosis via p53 in HPV+ OPSCC cells. Image taken from reference 47. 

 



Radiotherapy causes DNA and organelle damage in all cells that are exposed to irradiation, 

however the exposed cancer cells have already acquired unstable genomes and impaired 

DNA repair mechanisms during HPV-driven carcinogenesis as described above (figure 6) – 

meaning the DNA damage these cells procure during irradiation is significant enough to 

induce viable apoptotic pathways 47. Surrounding “normal” cells that are unavoidably 

targeted at the expense of OPSCC radiotherapy prevent apoptosis under these conditions 

through sufficient DNA repair mechanisms. Some molecular changes can occur to 

predispose carcinogenesis in the “normal” cells when the radiation exposure is great 

enough, but by limiting this exposure the chance of secondary tumour formation is lower.   

 

Research aiming to reduce radiotherapy-induced side effects in HPV-OPSCC 

When searching clinical trial databases, there are many active trials aiming to evaluate the 

effect of dose de-escalation in HPV-OPSCC in many different contexts, for example 

assessing various TNM stages or different treatment regimens e.g. adjuvant radiotherapy, 

chemoradiotherapy etc. Unfortunately, the results are mostly unpublished as the trials are 

still recruiting or incomplete. Some of the following examples are early publications of some 

results from these trials, however there is a comprehensive observational study of 

radiotherapy dose de-escalation using preliminary data published on the National Cancer 

Database (NCDB), conducted by Gabani et al. 48. Results of the overall survival (OS) of 

HPV-OPSCC patients receiving standard radiotherapy compared with de-escalated 

radiotherapy are predicted as shown in figure 8 (104 participants received de-escalated 

radiotherapy and 655 standard dose) 48.  

 

 

 

 

 

 

Figure 8: Kaplan-Meier analysis of 

overall survival for patients with 

HPV-OPSCC receiving either 

standard radiotherapy (≥ 66 Gy) or 

dose de-escalated (50 Gy – 66 Gy) 

as definitive treatment 48.  

 



Although the OS appears improved by de-escalated radiotherapy, the statistical significance 

of these results is questionable (p=0.631) and thus should be interpreted as there being no 

significant difference between standard and dose de-escalation. It was also found that nodal 

stage of disease may influence efficacy of primary radiotherapy in HPV-OPSCC, with poorer 

OS in this cohort of HPV-OPSCC patients (N1 disease responding significantly better than 

N3 disease). This is a promising proxy outcome for dose de-escalation, however publication 

of standardised results from individual active trials will be more valid and reliable than from 

this observational trail. 

De-escalation of radiotherapy appears to be more successful for HPV-OPSCC patients if 

they have a positive response to induction chemotherapy 49,50. Fakhry et al. 50 were involved 

with the primary study showing that partial or complete response to induction chemotherapy 

(paclitaxel and carboplatin) dramatically improved 2-year OS and progression free survival 

(PFS) to standard chemoradiotherapy (paclitaxel with 70 Gy in 35 fractions) in HPV-OPSCC 

compared with HPV-negative OPSCC (OS = 94% and 58% respectively; PFS = 85% and 

50% respectively). Thereafter, Seiwert et al. 49 described how not only were the clinical 

outcomes improved in HPV-OPSCC patients (2-year OS 100% and 97%; 2-year PFS 95% 

and 94% for low- and high-risk patients respectively), but side-effects such as mucositis and 

dermatitis were also improved compared to standard treatment 49. This suggests that using 

chemotherapy alongside radiotherapy can increase the radio-sensitivity of HPV-OPSCC 

cells significantly compared with radiotherapy alone.  

Initial results have been published from an ongoing trial (identifier NCT01530997) aiming to 

show clinical outcomes of low-risk OPSCC patients (both HPV-positive and -

negative/unknown, all p16 positive) without induction chemotherapy and either receiving 

definitive chemoradiotherapy or radiotherapy alone (maximum total dose of 60 Gy) 

depending on TNM staging 51. 2-year clinical outcomes are extremely positive (OS = 95%, 

PFS = 93%, local control and regional control 98% and 99% respectively). Only 7% (16/113) 

of patients qualified for radiotherapy alone (60 Gy over 30 fractions), but all had “cancer 

control” at the time of publication 51. 

Only one randomised clinical trial is attempting to assess primary radiotherapy at reduced 

doses in comparison to primary surgical intervention for 140 HPV-OPSCC patients, 

particularly assessing transoral robotic surgery (TORS) as surgical technique 23. HPV-

OPSCC patients will be subject to either 60 Gy primary radiotherapy with weekly cisplatin if 

smoking status is low-risk, or primary TORS if high-risk (potentially followed by adjuvant 

radiotherapy of 50-60 Gy depending on surgery) 23. Another study yet to publish results is 



assessing primary TORS followed by no radiotherapy, adjuvant standard dose radiotherapy 

(+/- chemotherapy) or de-escalated dose 52.  

There is growing interest in programmed death receptor (PD-1) inhibitors such as nivolumab 

and pembrolizumab in HPV-positive cancers 53. The normal function of PD-1 (found on 

mature CD4+ and CD8+ T-cells and natural killer T-cells) upon engagement with a ligand 

(PD-L1 or PD-L2) is to reduce T-cell proliferation and release of interleukin-2 (IL-2, a 

cytokine upregulating immune response) 54. This occurs via activated PD-1 inhibiting Akt in 

the immune cell by increasing phosphatase and tension homologue (PTEN) activity and 

reducing “cell survival” properties (figure 9). PD-L1 is upregulated on HPV-OPSCC cells, 

therefore activation of PD-1 is used for immune evasion in persistent HPV-infected lymphoid 

tissue, such as tonsillar SCC 55. Blocking this interaction reduces immune surveillance of 

HPV-OPSCC by T-lymphocytes. PD-1 inhibitors restore effector T-cell activity towards the 

HPV-OPSCC cancer cells which leads to increased cell death 56. Studies on HPV-OPSCC 

harbouring mice have shown pembrolizumab to strongly enhance and synergise cisplatin 

chemoradiotherapy 57, however clinical trials are yet to follow suit in testing the theory of 

PD1-inhibitors increasing HPV-OPSCC radio-sensitivity.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Involvement of programmed death receptor ligand (PD-L1) on HPV-OPSCCs 

in evasion of immune surveillance by activation of programmed death receptor (PD-1) on 

T-cells. Protein kinase B; Akt, immunoreceptor tyrosine-based switch motif; ITSM, 

phosphatidylinositol 4,5-bisphosphate; PIP2, phosphatidylinositol (3,4,5)-trisphosphate; 

PIP3, phosphatase and tensin homolog; PTEN. 

  



E7 upregulates histone deacetylase (HDAC) in upper epithelial layers to facilitate S-phase 

re-entry for viral genome amplification 58. Pan-HDAC inhibitors, such as vorinostat have 

shown upregulation of MHC-I molecules and tumour-associated antigens (TAAs) on tumour 

cells for recognition by T-cells and augment immunotherapy activity when used in 

combination 59. Vorinostat selectively targets HPV-infected cells in vitro by desensitising 

DNA damage repair pathways and inducing apoptosis through host double-stranded DNA 

breaks 60. Selectivity is not often possible in cancer treatment, so this property of vorinostat 

against HPV-OSCCs is a promising aspect for tolerance in vivo. Similarly to PD-L1 inhibitors, 

there are no current clinical trials assessing addition of pan-HDAC inhibitors to HPV-OPSCC 

radiotherapy.  

 

Conclusion  

Although HPV-OPSCC cancers have a better over prognosis than HPV-negative OPSCC 

with current treatment, it is uncertain yet whether de-escalating radiotherapy dose to 

decrease short- and long-term side effects of treatment while maximising therapeutic 

success is possible due to the lack of published data from large-scale trials. What little 

evidence there is suggests that it may not be appropriate to treat all HPV-OPSCC the same, 

but stratify treatment depending on nodal disease. There is need for agreement on a 

universal HPV-OPSCC classification system that will indicate an appropriate level of disease 

for radiotherapy dose de-escalation.  

Decreased dose per fraction appears more indicative of decreased side-effects from 

radiotherapy compared to the overall dose 61, therefore future studies could focus further on 

hyperfractionation or other altered fractionation techniques for HPV-OPSCC. Additionally, 

there may be a role for induction chemotherapy in demonstrating appropriate HPV-OPSCCs 

for reduced dose radiotherapy.  

Preliminary laboratory research aiming to de-escalate radiotherapy dose in HPV-OPSCC 

has raised possibilities for adjuvant use of compounds not routinely used in HPV-OPSCC 

treatment, however the clinical trials following these results are lacking. Assessing how 

chemotherapeutic agents, such as PD-1 inhibitors or Pan-HDAC inhibitors, may increase 

radio-sensitivity of tumour cells could be further researched in vivo. Additionally there is a 

lack of research into brachytherapy within HPV-OPSCC which has the potential to be 

explored. 

There is a long way to go before radiotherapy doses will be de-escalated in practice for the 

treatment of HPV-OPSCC, however there is a growing evidence base with promising 



outcomes to inform clinical oncologists. Uncovering the unique biochemistry and augmented 

radio-sensitivity of HPV-OPSCC means this exciting field should boom in the next 5-10 

years, with optimistic outcomes for reducing long-term side effects of radiotherapy in 

younger patients who have potentially years of progression free survival to enjoy.  
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