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Human papillomavirus (HPV)-associated head and neck squamous cell carcinomas (HNSCCs) are a subtype of virally driven tumours 
with favourable responses to definitive therapy. However, disease relapse or progression is clinically challenging due to limited 
effective treatment options. Circulating tumour DNA (ctDNA) technology has emerged in the past decade, and it remains an active 

area of research in head and neck cancers. A variety of assays for the analysis of HPV ctDNA in patients with HPV-positive HNSCC have been 
developed and studied, though standardization in HPV ctDNA testing has yet to be established. Studies show promise in HPV ctDNA as a 
prognostic biomarker and predictor of treatment response and risk for recurrence. Growing evidence suggests that absolute HPV ctDNA 
quantification, as well as dynamic changes in HPV ctDNA concentration, can potentially inform outcomes and guide decisions about therapy. 
The aim of this article is to review the clinical utility of HPV ctDNA as a biomarker in HNSCC.
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Head and neck squamous cell carcinomas (HNSCCs) encompass a diverse group of tumours arising 

from the nasopharynx, oral cavity, oropharynx, hypopharynx and larynx. Tobacco and alcohol 

abuse are risk factors for the development of HNSCC, particularly oral cavity, hypopharyngeal and 

laryngeal cancers, whereas Epstein–Barr virus (EBV) and human papillomavirus (HPV) can mediate 

tumourigenesis in nasopharyngeal carcinomas and oropharyngeal squamous cell carcinomas 

(OPSCCs), respectively.1,2 Head and neck cancers driven by HPV infection comprise a subgroup 

of tumours with distinct epidemiological and clinical characteristics. Compared with patients with 

HPV-negative HNSCC, patients with HPV-positive HNSCCs are typically younger than 60 years, male 

and white, with lower rates of tobacco use and exposure to higher numbers of oral sex partners.3 

However, despite the decline in tobacco use in the past 20 years and the associated reduction 

in HNSCC incidence, the incidence of HPV-related OPSCC continues to rise worldwide, especially 

in developed countries.4 In the USA, the percentage of HPV prevalence in OPSCC increased from 

16% in the 1980s to 72% during the early 2000s.5 Of the various HPV subtypes, HPV16 accounts for 

approximately 90% of cases of HPV-positive HNSCCs.6

Tumour HPV status is an independent prognostic factor in patients with OPSCC. HPV-positive OPSCCs 

are associated with higher response rates after induction chemotherapy and chemoradiation and 

with improved overall survival compared with HPV-negative OPSCCs.6–9 Given the impact of HPV 

status on prognosis in OPSCC, the American Joint Committee on Cancer staging system was updated 

to distinguish the staging for HPV-positive OPSCCs from that of HPV-negative HNSCCs.10 Although 

prognostic factors such as tumour HPV status have been established, there is a need in HNSCC to 

identify predictive biomarkers. Programmed death-ligand 1 is currently the only predictive biomarker 

in head and neck cancer, identifying survival benefits with pembrolizumab over chemotherapy 

in patients with metastatic or recurrent disease and high programmed death-ligand 1 combined 

positive score.11 

Given the advancements in molecular technology, cell-free circulating DNA (cfDNA) has emerged 

with a range of potential applications in cancer medicine. Circulating tumour DNA (ctDNA) are 

fragments of cfDNA in the peripheral blood that contain specific genomic sequences derived from 

tumour tissue. ctDNA testing has the advantage of being minimally invasive, and detectable viral 

cfDNA in patients with virally driven tumours, such as nasopharyngeal carcinoma and OPSCC, 

is likely to be cancer specific.12 In nasopharyngeal carcinoma, detectable plasma EBV DNA after 

radiation correlates with an increased risk for locoregional failure, distant metastasis and death.13 

Additionally, detectable plasma EBV DNA during radiation in advanced nasopharyngeal carcinoma 

is an adverse prognosticator of treatment outcomes.14 Studies in HPV-positive head and neck 

cancers suggest the promise of HPV ctDNA in the early detection and monitoring of disease and 

in predicting response to therapy.15 In this article, we review the current evidence and utility of HPV 

ctDNA in HNSCC. 
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Table 1: Human papillomavirus circulating tumour DNA analysis in human papillomavirus-positive head and neck carcinomas19–35

Author (date) Patients 

with 

HPV+ 

HNSCC

Detection assay Sampling method Time of assay Assay sensitivity, 

%

Assay specificity, 

%

Cao et al. (2012)19 40 qPCR to E6/E7 of HPV16 and 18 Plasma Pretreatment 65.0 100.0

Chera et al. (2019)32 103 ddPCR to E7 of HPV16 Plasma Pretreatment 89.0 97.0

Dahlstrom et al. (2015)20 114 qPCR to E6/E7 of HPV16 Serum Pretreatment 60.5 66.7

Damerla et al. (2019)23 97 ddPCR to E6/E7 of HPV16 and 33 Plasma Pretreatment 95.6 100.0

Fakhry et al. (2019)21 202 qPCR to E6/E7 of 37 HPV subtypes Saliva Pretreatment 79.7 NA

Haring et al. (2021)34 16 ddPCR to E6 of HPV16 Plasma Pretreatment 88.9 88.9

Lee et al. (2017)28 27 NGS Plasma Pretreatment 100.0 92.9

Sastre-Garau et al. (2021)25 80 NGS Plasma Pretreatment 95.0 98.1

Siravegna et al. (2021)24 70 ddPCR to E7 of HPV16, 18, 33, 35, 45 Plasma Pretreatment 98.4 98.6

Tanaka et al. (2021)27 48 ddPCR to E6/E7 of HPV16 Plasma Pretreatment 93.0 97.0

Veyer et al. (2020)33 66 ddPCR to E6 of HPV16 Plasma Pretreatment 71.0 NA

Wang et al. (2015)35 30 ddPCR to E7 of HPV16 Saliva and plasma Pretreatment 40.0 (saliva) 

86.0 (plasma)

NA

Ahn et al. (2014)22 81 qPCR to E6 and E7 of HPV16 Saliva and plasma Pretreatment

Post-treatment

52.8 (saliva) 

67.3 (plasma) 

76.1 (combined)

18.8 (saliva) 

55.1 (plasma) 

69.5 (combined)

100.0 (saliva) 

100.0 (plasma) 

100.0 (combined)

96.6 (saliva) 

95.6 (plasma) 

90.7 (combined)

Berger et al. (2022)30 1,076 ddPCR to HPV16, 18, 31, 33, 35 Plasma Post-treatment NA NA

Chera et al. (2020)29 115 ddPCR to E6/E7 of HPV16 and E7 of 

HPV18, 31, 33, 35

Plasma Post-treatment 100.0 99.0

Hanna et al. (2018)31 22 ddPCR to E7 of HPV16, 18, 31, 33, 45 Plasma Post-treatment NA NA

Rutkowski et al. (2020)26 66 qPCR of HPV16 Plasma Post-treatment 100.0 98.0

ddPCR = digital droplet PCR; HNSCC = head and neck squamous cell carcinoma; HPV = human papillomavirus; NA = not available; NGS = next-generation sequencing;  
PCR = polymerase chain reaction; qPCR = quantitative PCR. 

Analysis of human papillomavirus circulating 
tumour DNA
HPV induces tumourigenesis by integrating its viral oncogenes into the 

somatic genome, thereby allowing the molecular detection of HPV ctDNA 

in primary tumours and bodily fluids.16 The HPV E6 and E7 oncoproteins 

are largely responsible for carcinogenesis through the inactivation of 

p53- and retinoblastoma-mediated pathways.17 Assays used to measure 

HPV ctDNA most commonly assess for E6 and/or E7 genes and include 

quantitative polymerase chain reaction (PCR) (qPCR), droplet digital PCR 

(ddPCR) and next-generation sequencing (NGS).18 Analyses by qPCR 

rely on specific primers to amplify target genes and report relative 

DNA quantification. ddPCR provides absolute quantification of DNA 

by fractionating samples into thousands of droplets containing DNA 

and subsequently amplifies each separated sample, resulting in high 

sensitivity and specificity. NGS can test for multiple genes at the same 

time, allowing for the detection of various HPV genotypes.15 Studies to 

date have primarily evaluated the utility of qPCR or ddPCR in analysing 

HPV ctDNA in the plasma, serum and saliva of patients with head and 

neck cancers (Table 1).19–35

Over the years, numerous assays have been developed to measure 

HPV ctDNA in patients with HPV-positive head and neck carcinoma with 

varying sensitivity and specificity. One of the early studies using qPCR, Cao 

et al., found detectable HPV ctDNA in 65% of the pretreatment plasma 

samples of 40 patients with HPV-positive oropharyngeal carcinoma.19 

Overall, the sensitivity of qPCR in detecting baseline HPV ctDNA has been 

modest, only reaching approximately 80%.19–22 Advancements in ddPCR 

and NGS technology, meanwhile, enabled these platforms to measure 

HPV ctDNA with greater accuracy. ddPCR can detect pretreatment 

plasma HPV ctDNA in patients with HPV-positive HNSCC with sensitivities 

and specificities of over 95%.23,24 A study by Sastre-Garau et al. using NGS 

demonstrated a sensitivity of 95% and specificity of 98% for detecting HPV 

ctDNA in pretreatment plasma.25 Notably, NGS exhibits an ultrasensitive 

ability to quantify HPV ctDNA. Sloane et al. described the ability of NGS 

to detect HPV ctDNA in pretreatment plasma samples at levels as low as  

1 copy/mL, while Leung et al. detected HPV ctDNA in ddPCR-negative 

post-treatment samples of patients with cervical and oropharynx 

cancers at levels as low as 0.03 copies/mL plasma by NGS.36,37 

Pretreatment human papillomavirus circulating 
tumour DNA analysis: Screening and diagnosis
Unlike breast, cervical, colon and lung cancers, there are currently no 

screening guidelines for the early detection of HNSCCs. The analysis 

of plasma EBV DNA has been found to be useful in screening for early 

nasopharyngeal carcinoma in patients at high risk for this disease; testing 

for circulating plasma EBV DNA by qPCR in asymptomatic Chinese 

patients was associated with a higher proportion of nasopharyngeal 

carcinoma diagnosed at earlier stages and an improved 3-year 

progression-free survival.38 

HPV cfDNA analysis is a conceivable modality in the early diagnosis of 

HPV-positive HNSCCs.23,39,40 HPV16-E6 antibody seroconversion pre-dates 
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an OPSCC diagnosis, with a median time of 11.5 years.41 OPSCC HPV16-E6 

seropositivity confers an estimated 10-year risk for OPSCC of 17–27% for 

men and 4–6% for women aged 50–60 years; conversely, the estimated 

10-year risk for OPSCC for seronegative individuals is 0.01–0.25%.40 Given 

the elevated risk for OPSCC associated with HPV16-E6 seropositivity, a 

screening strategy that incorporates periodic surveillance in high-risk 

HPV-seropositive individuals could be considered. One approach could 

implement minimally invasive serial biomarker testing with HPV ctDNA.40 

A small study of 10 patients with HPV-positive HNSCC found detectable 

HPV ctDNA in three patients (30%) at 19, 34 and 43 months preceding an 

OPSCC diagnosis, demonstrating the presence of detectable HPV ctDNA 

in a subgroup of patients years before a clinical diagnosis of cancer.39 

Current approaches to diagnosing HPV-positive HNSCCs necessitate 

tissue biopsy and assessment of HPV tumour status via p16 expression by 

immunohistochemistry. However, the specificity of p16 immunohistochemistry 

is only fairly optimal, with a false-positive rate of 3.8–7.3%.42,43 Siravegna et al. 

demonstrated the potential of HPV ctDNA as a non-invasive and accurate 

technique in diagnosing HPV-positive HNSCC.24 Using ddPCR assays for 

HPV genotypes 16, 18, 33, 35 and 45, the sensitivity and specificity of 

HPV ctDNA in detecting HPV-positive HNSCC were found to be 98.4% 

and 98.6%, respectively. Median time to diagnosis decreased by 63% or  

26 days using a non-invasive diagnostic approach that included HPV 

ctDNA analysis compared with standard diagnostic approaches.24 

HPV ctDNA analysis as a method of diagnosis for HPV-positive HNSCC 

is promising, with data by Siravegna et al. highlighting its feasibility, 

accuracy and time to diagnosis.24 HPV ctDNA as a diagnostic approach 

requires further validation in large prospective studies. 

Post-treatment human papillomavirus circulating 
tumour DNA analysis: Detecting residual disease 
and surveillance 
Studies suggest an adjunctive role for HPV ctDNA testing with imaging 

following definitive therapy for HPV-positive HNSCC.26–28 Given the 

suboptimal positive predictive value (PPV) of post-treatment positron 

emission tomography–computed tomography (PET-CT) scans, combining 

HPV ctDNA analysis and imaging may enhance the detection of residual 

disease.44 A prospective study of 35 patients by Tanaka et al. showed 

similar negative predictive values (NPV) for surveillance HPV ctDNA and 

PET-CT scans (89.7% versus 84.0%), whereas the PPV for HPV ctDNA was 

significantly higher than PET-CT scans (100% versus 50.0%).27 Lee et al. 

evaluated plasma HPV ctDNA in the post-treatment setting following 

chemoradiotherapy using NGS in patients with locally advanced HPV-

positive HNSCC.28 Specimens from three patients who underwent post-

treatment biopsy for increased 18F-fluorodeoxyglucose (18F-FDG) 

uptake in the primary site and three patients who underwent neck 

dissection for increased 18F-FDG uptake in cervical lymph nodes 

demonstrated no residual tumour, and corresponding plasma HPV 

ctDNA were undetectable in all patients. Hence, these studies shed 

light on the potential of HPV ctDNA as a biomarker of residual disease, 

avoiding unnecessary biopsies and surgical procedures despite positive 

PET-scan findings after definitive chemoradiation.28 

Currently, the National Comprehensive Cancer Network guidelines 

recommend regular clinical head and neck examinations and fibreoptic 

evaluations for the surveillance of patients with non-metastatic HNSCC 

following definitive therapy.45 HPV ctDNA analysis is sensitive in detecting 

recurrence with promise for clinical application in surveillance.29,30 One 

retrospective study by Berger et al. evaluated the utility of HPV ctDNA 

as a biomarker of recurrent disease in 1,076 patients with HPV-positive 

OPSCC.30 Eighty patients (7.4%) had at least one positive HPV ctDNA. By 

using ddPCR, HPV ctDNA analysis demonstrated a PPV of 95% for disease 

recurrence and an NPV of 95%. Of the patients with positive surveillance 

HPV ctDNA tests who were not known to have disease recurrence by 

clinical or imaging examinations, the majority of patients (93%) were 

later confirmed to have recurrent disease, illustrating the capacity of HPV 

ctDNA to detect occult malignancy.30 A prospective study by Chera et 

al. corroborated the encouraging evidence for HPV ctDNA surveillance, 

demonstrating a PPV of 94% and NPV of 100% with consecutive plasma 

sampling and earlier detection of recurrence by a median time of  

3.9 months before biopsy-confirmed recurrence.29

Prognostication and prediction of clinical 
outcomes
Since the emergence of ctDNA technology, efforts have been made to 

understand the clinical significance of HPV ctDNA in HNSCC. HPV ctDNA 

can inform disease status, with studies suggesting a positive correlation 

between disease burden and HPV ctDNA load.19,20,31–33,46,47 Plasma HPV 

DNA levels have been found to negatively correlate with overall survival 

in patients with recurrent, metastatic HPV-positive HNSCC.31 As for 

HPV ctDNA in other bodily fluids, HPV ctDNA is enriched in the saliva 

of patients with HPV-positive OPSCC, with higher copies of ctDNA in 

patients with recurrent locoregional disease compared with patients 

with only distant disease.48,49 Salivary HPV ctDNA levels in these patients 

corresponded to treatment response and failure, whereas only plasma 

HPV ctDNA was associated with worse prognostic scores in paired 

plasma and salivary samples.49 Collectively, salivary and plasma HPV 

ctDNA testing can provide complementary information about disease 

status in patients with HPV-positive OPSCC. 

HPV ctDNA may aid in the prognostication of patients with HNSCC, and 

detectable post-treatment HPV ctDNA can inform clinical outcomes. A 

study by Dahlstrom et al. did not identify any statistically significant 

difference in 3-year progression-free survival in patients with  

HPV-positive OPSCC with and without detectable pretreatment 

serum HPV DNA (p=0.80); pretreatment serum HPV DNA was also 

not useful as a marker for disease recurrence (p=0.173).20 Conversely, 

evidence indicates that post-treatment HPV ctDNA can offer insight 

into prognosis. Ahn et al. evaluated post-treatment HPV ctDNA with 

a combination of saliva and plasma samples.22 Assessing HPV ctDNA 

by qPCR showed 90.7% specificity and 69.5% sensitivity in predicting 

disease recurrence within 3 years.22 Additionally, a prespecified analysis 

of post-treatment plasma HPV ctDNA in the NRG-HN002 trial showed 

an NPV of post-treatment undetectability of 93% and 95% for 2-year 

locoregional failure and progression-free survival, respectively, in HPV-

positive OPSCC.47 

Of growing interest is the clinical significance of ctDNA kinetics. An 

early increase in plasma HPV ctDNA in patients with locally advanced 

OPSCC receiving chemoradiation (n=34) was associated with superior 

freedom from progression (p<0.05) and correlated with imaging findings 

in the primary tumour.50 Chera et al. examined plasma HPV ctDNA 

clearance in the post-treatment setting and found that, in patients with  

non-metastatic HNSCC and an initially positive post-treatment test for 

HPV ctDNA, all patients with disease recurrence (n=15) had persistently 

elevated HPV ctDNA on subsequent collection, whereas 89% of patients 

without disease recurrence (n=9) had clearance of their HPV ctDNA.29 

Similarly, Fakhry et al. observed that persistent post-treatment detection 

of oral HPV ctDNA was associated with inferior outcomes with increased 

risk of recurrence (hazard ratio 3.72; p<0.001) and death (hazard ratio 6.61; 

p=0.003).21 Furthermore, there is evidence that dynamic changes in HPV 

ctDNA levels in patients with recurrent or advanced HPV-positive HNSCC 
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can occur before radiographic evidence of response, suggesting a role for 

HPV ctDNA kinetics in assessing early treatment efficacy.31,34

Studies demonstrate that the incidence, as well as the rate, of HPV 

ctDNA clearance predicts treatment response in patients with HNSCC. 

Chera et al. evaluated HPV ctDNA clearance profiles in patients with  

non-metastatic HPV-positive OPSCC treated with definitive chemoradiation 

(n=67).32 The authors showed that, in patients with rapid HPV ctDNA 

clearance, defined as elevated baseline plasma HPV ctDNA levels  

(>200 copies/mL) and >95% clearance by day 28 of chemoradiation, 

regional disease-free survival was 100% at 18 months compared with 

65% and 90% in patients with unfavourable clearance profiles with 

and without adverse clinical risk factors (>10 tobacco pack years or T4 

disease) (p=0.0049), respectively.32 Similarly, rapid clearance of HPV 

ctDNA (<1 copy/mL) by postoperative day 1 was observed in patients 

without pathological risk factors for recurrence after curative intent 

surgery, whereas HPV ctDNA remained elevated (>350 copies/mL) on 

postoperative day 1 in patients with risk factors for residual disease 

(gross extranodal extension, positive margins, distant metastases).51 

An exploratory analysis of detectable postoperative HPV ctDNA 

was associated with clinical risk factors for recurrence, including 

lymphovascular invasion and extranodal extension, as well as worse 

recurrence-free survival.52 

Cost analysis
Adapting ctDNA testing into clinical practice confers an advantage 

over tissue biopsy and imaging, as ctDNA assessments are minimally 

invasive, allow for serial sampling over time and can potentially alleviate 

the costs of care. Cost modelling by Siravegna et al. estimated costs 

to be 37% lower when using HPV ctDNA analysis as the diagnostic 

of choice compared with standard invasive diagnostic approaches 

requiring tissue biopsies.24 

Cost scenarios demonstrate cost savings in surveillance as well as 

diagnosis with HPV ctDNA. A cross-sectional cost comparison study 

by Kowalchuk et al. on the post-treatment surveillance of HPV-positive 

OPSCCs estimated that the median costs of surveillance were lowest 

when using regular ctDNA testing, followed by surveillance according 

to the National Comprehensive Cancer Network guidelines and, lastly, 

surveillance using an imaging-intensive approach that requires PET-CT 

scans at 1 year and 2 years.53 Surveillance using ctDNA monitoring is 

anticipated to save costs when HPV ctDNA testing improves quality 

of life, decreases imaging use and gets drawn less frequently than in 

clinical trials.54 

Future directions
The standard of care for definitive treatment of locally advanced HNSCC 

involves concurrent chemoradiation or resection followed by adjuvant 

radiation with or without chemotherapy.45 Given the superior survival 

outcomes and cure rates of patients with HPV-positive HNSCC, studies 

are exploring strategies for treatment deintensification to minimize 

treatment-related toxicity. The phase II clinical trials MC1273 and NRG 

Oncology HN002 have shown comparable local control rates and overall 

survival outcomes with dose-reduced radiation therapy during definitive 

or adjuvant treatment.55,56 However, adopting a deintensification strategy 

into clinical practice requires data from long-term follow-up and phase 

III studies.8 HPV ctDNA could serve to guide clinical decisions about 

treatment deintensification. A deintensification approach driven by HPV 

ctDNA testing requires rigorous investigation and validation. Clinical trials 

are on-going to elucidate whether HPV ctDNA can risk stratify individuals 

with HPV-positive HNSCC and ascertain which subgroup of low-risk 

patients will benefit from treatment deintensification.57,58 

A treatment strategy driven by HPV ctDNA biomarker data needs to be 

extensively examined in randomized studies, whether for treatment 

deintensification or intensification. As mentioned earlier in this review, HPV 

ctDNA is capable of detecting early recurrence following definitive therapy, 

while rapid HPV ctDNA clearance predicts therapeutic response and risk for 

recurrence.28,29,30,50,59 However, there are no clear data at this time to inform 

clinical decisions about initiating or altering therapy in the setting of early 

recurrence or molecular residual disease. One can envision surveillance 

using HPV ctDNA to recognize early recurrence and opportunities for 

salvage therapy, thereby minimizing the morbidity and mortality of disease 

recurrence or metastasis.58 Clinical trials are necessary to determine 

whether commencing early treatment or changing systemic therapy for 

early recurrence or molecular residual disease affects clinical outcomes and 

whether using HPV ctDNA can reliably individualize treatment plans.18,59 

Conclusions
ctDNA is a novel technology with the potential for personalizing the 

clinical care of patients with HPV-associated HNSCCs. Opportunities 

to use HPV ctDNA in patients with HPV-positive HNSCC encompass 

all aspects of care, including screening, diagnosis and surveillance. 

Accurate HPV ctDNA detection is crucial for applying ctDNA analysis to 

clinical practice. HPV ctDNA identifies recurrence and early clearance 

informs treatment response and risk for disease recurrence. Clinical 

studies are imperative to ascertaining the utility of HPV ctDNA in HPV-

positive HNSCC and guiding treatment strategies that adapt to cancer 

biomarker information from HPV ctDNA. ❑

1.	 Johnson DE, Burtness B, Leemans CR, et al. Head and neck 
squamous cell carcinoma. Nat Rev Dis Primers. 2020;6:92.

2.	 Marur S, Forastiere AA. Head and neck squamous cell 
carcinoma: Update on epidemiology, diagnosis, and treatment. 
Mayo Clin Proc. 2016;91:386–96.

3.	 Gillison ML, D’Souza G, Westra W, et al. Distinct risk factor 
profiles for human papillomavirus type 16-positive and human 
papillomavirus type 16-negative head and neck cancers. J Natl 
Cancer Inst. 2008;100:407–20.

4.	 Lechner M, Liu J, Masterson L, Fenton TR. HPV-associated 
oropharyngeal cancer: Epidemiology, molecular biology and 
clinical management. Nat Rev Clin Oncol. 2022;19:306–27.

5.	 Chaturvedi AK, Engels EA, Pfeiffer RM, et al. Human 
papillomavirus and rising oropharyngeal cancer incidence in 
the United States. J Clin Oncol. 2011;29:4294–301.

6.	 Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal 
association between human papillomavirus and a subset of 
head and neck cancers. J Natl Cancer Inst. 2000;92:709–20.

7.	 Fakhry C, Westra WH, Li S, et al. Improved survival of patients 
with human papillomavirus-positive head and neck squamous 
cell carcinoma in a prospective clinical trial. J Natl Cancer Inst. 
2008;100:261–9.

8.	 Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and 
survival of patients with oropharyngeal cancer. N Engl J Med. 
2010;363:24–35.

9.	 Weinberger PM, Yu Z, Haffty BG, et al. Molecular classification 
identifies a subset of human papillomavirus-associated 

oropharyngeal cancers with favorable prognosis. J Clin Oncol. 
2006;24:736–47.

10.	 Amin MB, Greene FL, Edge SB, et al. The eighth edition AJCC 
Cancer Staging Manual: Continuing to build a bridge from a 
population-based to a more “personalized” approach to cancer 
staging. CA Cancer J Clin. 2017;67:93–9.

11.	 Burtness B, Harrington KJ, Greil R, et al. Pembrolizumab alone 
or with chemotherapy versus cetuximab with chemotherapy 
for recurrent or metastatic squamous cell carcinoma of the 
head and neck (KEYNOTE-048): A randomised, open-label, 
phase 3 study. Lancet. 2019;394:1915–28.

12.	 Sanz-Garcia E, Zhao E, Bratman SV, Siu LL. Monitoring and 
adapting cancer treatment using circulating tumor DNA 
kinetics: Current research, opportunities, and challenges.  
Sci Adv. 2022;8:eabi8618.

13.	 Chan ATC, Hui EP, Ngan RKC, et al. Analysis of plasma Epstein-Barr 
virus DNA in nasopharyngeal cancer after chemoradiation to 
identify high-risk patients for adjuvant chemotherapy: A randomized 
controlled trial. J Clin Oncol. 2018;36:3091–100.

14.	 Leung SF, Chan KCA, Ma BB, et al. Plasma Epstein–Barr viral 
DNA load at midpoint of radiotherapy course predicts outcome 
in advanced-stage nasopharyngeal carcinoma. Ann Oncol. 
2014;25:1204–8.

15.	 Chatfield-Reed K, Roche VP, Pan Q. cfDNA detection for HPV+ 
squamous cell carcinomas. Oral Oncol. 2021;115:104958.

16.	 Vokes EE, Agrawal N, Seiwert TY. HPV-associated head and neck 
cancer. J Natl Cancer Inst. 2015;107:djv344.

17.	 Moody CA, Laimins LA. Human papillomavirus oncoproteins: 
Pathways to transformation. Nat Rev Cancer. 2010;10:550–60.

18.	 Haring CT, Dermody SM, Yalamanchi P, et al. The future 
of circulating tumor DNA as a biomarker in HPV related 
oropharyngeal squamous cell carcinoma. Oral Oncol. 
2022;126:105776.

19.	 Cao H, Banh A, Kwok S, et al. Quantitation of the human 
papillomavirus DNA in the plasma of patients with 
oropharyngeal carcinoma. Int J Radiat Oncol Biol Phys. 
2012;82:e351–8.

20.	 Dahlstrom KR, Li G, Hussey CS, et al. Circulating human 
papillomavirus DNA as a marker for disease extent and 
recurrence among patients with oropharyngeal cancer. Cancer. 
2015;121:3455–64.

21.	 Fakhry C, Blackford AL, Neuner G, et al. Association of 
oral human papillomavirus DNA persistence with cancer 
progression after primary treatment for oral cavity and 
oropharyngeal squamous cell carcinoma. JAMA Oncol. 
2019;5:985–92.

22.	 Ahn SM, Chan JYK, Zhang Z, et al. Saliva and plasma 
quantitative polymerase chain reaction-based detection and 
surveillance of human papillomavirus-related head and neck 
cancer. JAMA Otolaryngol Neck Surg. 2014;140:846–54.

23.	 Damerla RR, Lee NY, You D, et al. Detection of early human 
papillomavirus-associated cancers by liquid biopsy. JCO Precis 
Oncol. 2019;3:PO.18.00276.

24.	 Siravegna G, O’Boyle CJ, Varmeh S, et al. Cell-free HPV DNA 



Human Papillomavirus Circulating Tumour in Human Papillomavirus-positive Head and Neck Carcinomas

129touchREVIEWS in Oncology & Haematology

provides an accurate and rapid diagnosis of HPV-associated 
head and neck cancer. Clin Cancer Res. 2021;28:719–27.

25.	 Sastre-Garau X, Diop M, Martin F, et al. A NGS-based blood 
test for the diagnosis of invasive hpv-associated carcinomas 
with extensive viral genomic characterization. Clin Cancer Res. 
2021;27:5307–16.

26.	 Rutkowski TW, Mazurek AM, Śnietura M, et al. Circulating HPV16 
DNA may complement imaging assessment of early treatment 
efficacy in patients with HPV-positive oropharyngeal cancer.  
J Transl Med. 2020;18:167.

27.	 Tanaka H, Takemoto N, Horie M, et al. Circulating tumor HPV 
DNA complements PET-CT in guiding management after 
radiotherapy in HPV-related squamous cell carcinoma of the 
head and neck. Int J Cancer. 2021;148:995–1005.

28.	 Lee JY, Garcia-Murillas I, Cutts RJ, et al. Predicting response to 
radical (chemo)radiotherapy with circulating HPV DNA in locally 
advanced head and neck squamous carcinoma. Br J Cancer. 
2017;117:876–83.

29.	 Chera BS, Kumar S, Shen C, et al. Plasma circulating tumor HPV 
DNA for the surveillance of cancer recurrence in HPV-associated 
oropharyngeal cancer. J Clin Oncol. 2020;38:1050–8.

30.	 Berger BM, Hanna GJ, Posner MR, et al. Detection of occult 
recurrence using circulating tumor tissue modified viral HPV 
DNA among patients treated for HPV-driven oropharyngeal 
carcinoma. Clin Cancer Res. 2022;28:4292–301.

31.	 Hanna GJ, Supplee JG, Kuang Y, et al. Plasma HPV cell-free DNA 
monitoring in advanced HPV-associated oropharyngeal cancer. 
Ann Oncol. 2018;29:1980–6.

32.	 Chera BS, Kumar S, Beaty BT, et al. Rapid clearance profile 
of plasma circulating tumor HPV type 16 DNA during 
chemoradiotherapy correlates with disease control in 
HPV-associated oropharyngeal cancer. Clin Cancer Res. 
2019;25:4682–90.

33.	 Veyer D, Wack M, Mandavit M, et al. HPV circulating tumoral 
DNA quantification by droplet-based digital PCR: A promising 
predictive and prognostic biomarker for HPV-associated 
oropharyngeal cancers. Int J Cancer. 2020;147:1222–7.

34.	 Haring CT, Bhambhani C, Brummel C, et al. Human papilloma 
virus circulating tumor DNA assay predicts treatment response 
in recurrent/metastatic head and neck squamous cell 
carcinoma. Oncotarget. 2021;12:1214–29.

35.	 Wang Y, Springer S, Mulvey CL, et al. Detection of somatic 
mutations and HPV in the saliva and plasma of patients with 
head and neck squamous cell carcinomas. Sci Transl Med. 
2015;7:293ra104. 

36.	 Leung E, Han K, Zou J, et al. HPV sequencing facilitates 
ultrasensitive detection of HPV circulating tumor DNA.  
Clin Cancer Res. 2021;27:5857–68.

37.	 Sloane H, Izumchenko E, Mattox A, et al. Ultra-sensitive 
detection and quantification of HPV DNA in the plasma of 
patients with oropharyngeal squamous cell carcinoma (OPSCC) 
enrolled in the OPTIMA 2 treatment de-escalation trial. J Clin 
Oncol. 2021;39(Suppl. 15):6048.

38.	 Chan KCA, Woo JKS, King A, et al. Analysis of plasma Epstein–Barr 
Virus DNA to screen for nasopharyngeal cancer. N Engl J Med. 
2017;377:513–22. 

39.	 Rettig EM, Faden DL, Sandhu S, et al. Detection of circulating tumor 
human papillomavirus DNA before diagnosis of HPV-positive head 
and neck cancer. Int J Cancer. 2022;151:1081–5.

40.	 Robbins HA, Ferreiro-Iglesias A, Waterboer T, et al. Absolute 
risk of oropharyngeal cancer after an HPV16-E6 serology test 
and potential implications for screening: Results from the 
Human Papillomavirus Cancer Cohort Consortium. J Clin Oncol. 
2022;40:3613–22.

41.	 Kreimer AR, Ferreiro-Iglesias A, Nygard M, et al. Timing of 
HPV16-E6 antibody seroconversion before OPSCC: Findings 
from the HPVC3 consortium. Ann Oncol. 2019;30:1335.

42.	 Schlecht NF, Brandwein-Gensler M, Nuovo GJ, et al. A 
comparison of clinically utilized human papillomavirus 
detection methods in head and neck cancer. Mod Pathol. 
2011;24:1295–305.

43.	 Seiwert T. Accurate HPV testing: A requirement for precision 
medicine for head and neck cancer. Ann Oncol. 2013;24:2711–13.

44.	 Vainshtein JM, Spector ME, Stenmark MH, et al. Reliability 
of post-chemoradiotherapy F-18-FDG PET/CT for prediction 
of locoregional failure in human papillomavirus-associated 
oropharyngeal cancer. Oral Oncol. 2014;50:234–9.

45.	 Caudell JJ, Gillison ML, Maghami E, et al. NCCN Guidelines® 
Insights: Head and neck cancers, version 1.2022. J Natl Compr 
Cancer Netw JNCCN. 2022;20:224–34.

46.	 Chikuie N, Urabe Y, Ueda T, et al. Utility of plasma circulating 
tumor DNA and tumor DNA profiles in head and neck 
squamous cell carcinoma. Sci Rep. 2022;12:9316.

47.	 Yom SS, Torres-Saavedra PA, Kuperwasser C, et al. Association 
of plasma tumor tissue modified viral HPV DNA (TTMV) with 
tumor burden, treatment type, and outcome: A translational 
analysis from NRG-HN002. J Clin Oncol. 2022;40(Suppl. 16):6006. 

48.	 Gerndt SP, Ramirez RJ, Wahle BM, et al. Evaluating a clinically 
validated circulating tumor HPV DNA assay in saliva as a 
proximal biomarker in HPV+ oropharyngeal squamous cell 

carcinoma. J Clin Oncol. 2021;39(Suppl. 15):6063.
49.	 Hanna GJ, Lau CJ, Mahmood U, et al. Salivary HPV DNA informs 

locoregional disease status in advanced HPV-associated 
oropharyngeal cancer. Oral Oncol. 2019;95:120–6.

50.	 Cao Y, Haring CT, Brummel C, et al. Early HPV ctDNA kinetics 
and imaging biomarkers predict therapeutic response in p16+ 
oropharyngeal squamous cell carcinoma. Clin Cancer Res. 
2022;28:350–9.

51.	 O’Boyle CJ, Siravegna G, Varmeh S, et al. Cell-free human 
papillomavirus DNA kinetics after surgery for human 
papillomavirus-associated oropharyngeal cancer. Cancer. 
2022;128:2193–204.

52.	 Routman DM, Kumar S, Chera BS, et al. Detectable 
postoperative circulating tumor human papillomavirus DNA and 
association with recurrence in patients with HPV-associated 
oropharyngeal squamous cell carcinoma. Int J Radiat Oncol Biol 
Phys. 2022;113:530–8.

53.	 Kowalchuk RO, Kamdem Talom BC, Van Abel KM, et al. 
Estimated cost of circulating tumor DNA for posttreatment 
surveillance of human papillomavirus-associated 
oropharyngeal cancer. JAMA Netw Open. 2022;5:e2144783.

54.	 Ward MC, Miller JA, Walker GV, et al. The economic impact of 
circulating tumor-tissue modified HPV DNA for the  
post-treatment surveillance of HPV-driven oropharyngeal 
cancer: A simulation. Oral Oncol. 2022;126:105721.

55.	 Yom SS, Torres-Saavedra P, Caudell JJ, et al. Reduced-dose 
radiation therapy for HPV-associated oropharyngeal carcinoma 
(NRG Oncology HN002). J Clin Oncol. 2021;39:956–65.

56.	 Ma DJ, Price KA, Moore EJ, et al. Phase II evaluation of 
aggressive dose de-escalation for adjuvant chemoradiotherapy 
in human papillomavirus-associated oropharynx squamous cell 
carcinoma. J Clin Oncol. 2019;37:1909–18.

57.	 Economopoulou P, Kotsantis I, Psyrri A. De-escalating strategies 
in HPV-associated head and neck squamous cell carcinoma. 
Viruses. 2021;13:1787.

58.	 Rosenberg AJ, Izumchenko E, Pearson A, et al. Prospective 
study evaluating dynamic changes of cell-free HPV DNA in 
locoregional viral-associated oropharyngeal cancer treated 
with induction chemotherapy and response-adaptive 
treatment. BMC Cancer. 2022;22:17.

59.	 Routman D, Chera BS, Gupta GP. Circulating tumor DNA 
biomarkers for early detection of oligometastasis. Cancer J. 
2020;26:116–23.




