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Human papillomavirus (HPV)–associated cancers of the anus, cervix, oropharynx, penis, 

vagina, and vulva constitute 5% of all cancers worldwide. In the United States, human 

papillomavirus–associated oropharyngeal squamous cell carcinoma (HPV+OPSCC) has 

been rapidly increasing in incidence, surpassing cervical cancer as the most common HPV-

associated malignancy, with an estimated annual increase of 5% in White men aged 55 to 

64 years from 1992 to 2015.1 By the year 2030, HPV+OPSCC will account for more than 

30,000 new cancer diagnoses per year.1

Clinical practice guidelines from the College of American Pathologists currently recommend 

p16 immunohistochemistry as the diagnostic of choice for HPV+OPSCC because of its 

widespread availability, reproducibility of interpretation, low cost, and high correlation with 

high-risk human papillomavirus (HR-HPV) infection. Although p16 overexpression is a 

safe, effective, and widely used surrogate marker for HR-HPV in oropharyngeal squamous 

cell carcinoma (OPSCC), it suffers from a number of limitations. First, HPV+OPSCC 

classically presents with large cystic nodal metastases and small primary tumors; thus, 

the most common diagnostic approach is fine-needle aspiration (FNA) of a neck lymph 

node. FNA has intrinsic failure rates due to inadequate cellular material for evaluation 

in the range of 20% to 30% for the diagnosis of HPV+OPSCC.2–6 Even at high-volume 

institutions with dedicated head and neck radiologists and surgeons performing ultrasound-

guided FNA and experienced head and neck cytopathologists, repeat biopsy is necessary in 

~15% of cases (unpublished institutional data). Furthermore, the interpretation of p16 on 

FNA specimens lacks consensus guidelines and is more variable than tissue interpretation, 

and this has resulted in a lack of standardization and decreased sensitivity.2–6 Repeat FNA or 

subsequent tissue biopsy is often required to confirm a diagnosis of HPV+OPSCC, and this 

leads to increased costs, delays in diagnosis, patients being subjected to multiple invasive 

procedures, and increased diagnostic uncertainty. Second, although p16 is a relatively 
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sensitive and specific surrogate marker for HR-HPV when used on tissue biopsies from 

oropharynx tumors in the United States, its performance and utility in other clinical settings 

are less clear. The most widely cited performance metrics for p16 are based on US studies 

examining staining patterns in comparison with direct HPV testing (DNA polymerase chain 

reaction (PCR) or RNA in situ hybridization/reverse transcription-PCR in OPSCC, where 

HPV infection rates range from 60% to 80%. However, HPV is significantly less prevalent 

in other parts of the world. When the HPV-associated fraction of OPSCC drops, p16 

specificity decreases as well, and this limits the utility of p16 for much of the world. 

Similarly, HPV is known to be an oncogenic driver in additional subsites of the head and 

neck. For example, a subset of nasopharyngeal carcinomas are HPV-associated, as are up to 

approximately one-quarter of sinonasal squamous cell carcinomas.7 The utility of p16 as a 

surrogate marker for HPV at these sites appears to be much less reliable, likely for similar 

reasons. Lastly, widespread adoption of p16 as a surrogate marker for HPV has indirectly 

led to stagnation in the field of OPSCC predictive and prognostic biomarkers. p16 fails 

to provide information necessary for better understanding important relationships between 

the virus and its host. For example, a growing body of literature suggests that specifics 

of the viral genome directly affect tumor behavior at the genotype, sublineage, and single-

nucleotide polymorphism levels in cervical cancer.8,9 Despite being the most common 

HPV-associated malignancy, HPV+OPSCC lags significantly behind cervical cancer in our 

understanding of even the most basic questions regarding host-viral interactions, such as 

the relationship between genotype and clinical outcomes. This information is unlikely to 

come to light in well-conducted, large, multi-institutional studies until direct HPV testing is 

routinely performed in clinical practice.

Tissue and cytology liquid-based direct HPV tests have improved, and RNA in situ 

hybridization for HR-HPV is an increasingly clinically available test for tissue specimens 

and cytology cell block preparations. These approaches are effective as cocktails and highly 

reliable for transcriptionally active HR-HPV. However, most do not provide individualized 

genotyping and, furthermore, require tumor tissue, an adequate cell block, and/or an aspirate 

specimen with liquid for testing, which may necessitate multiple procedures to acquire 

successfully.

Blood-based molecular diagnostics have emerged as diagnostic tools applicable to a broad 

spectrum of tumor types from early diagnosis to treatment monitoring and the detection 

of recurrent disease. Most liquid biopsy approaches focus on the detection of somatic 

mutations in cell-free DNA, which is released by cancer cells, or methylation. Many 

cell-free DNA cancer diagnostics, hindered by less than ideal sensitivity, remain in the 

research setting for now, although significant progress continues to be made. Virally driven 

tumors also release viral DNA fragments into the blood with the advantage of being 

more easily detected. The most robust literature comes from Epstein-Barr virus–associated 

nasopharyngeal carcinoma, with studies showing that circulating tumor Epstein-Barr virus 

DNA is detectable in >95% of patients at the time of diagnosis and that levels correlate 

with disease stage, the risk of recurrence after chemoradiotherapy, and overall survival.10–16 

More recently, using quantitative (q) PCR and droplet digital polymerase chain reaction 

(ddPCR)–based approaches, a number of groups have demonstrated that most patients with 

HPV+OPSCC have detectable circulating tumor human papillomavirus DNA (ctHPVDNA) 
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at presentation. A recent meta-analysis of ctHPVDNA showed an overall sensitivity of 0.81 

and an overall specificity of 0.98 at the time of presentation.17 When studies were restricted 

to those performing ddPCR on plasma, which has emerged as the preferred methodology 

at many centers, including our own, the pooled sensitivity increased to 0.92. Our own 

experience suggests that sensitivity can be even higher with the incorporation of the addition 

of probes to capture less common genotypes and with an increased input quantity of cell-

free DNA.

The potential of ctHPVDNA as a diagnostic tool is significant. ctHPVDNA is noninvasive 

and can provide direct HPV testing and genotyping. Early performance metrics of 

ctHPVDNA compare favorably with existing standard-of-care approaches mentioned 

previously, although these have not yet been compared head to head in a prospective, 

well-controlled fashion. Similarly, cost and time to diagnosis may favor ctHPVDNA, but 

this will need to be prospectively evaluated. ctHPVDNA has the added advantage of being 

not only a diagnostic test but also a tool for longitudinal monitoring of treatment responses 

and recurrence. Chera et al18 and others have demonstrated that ctHPVDNA levels decrease 

during chemoradiotherapy treatment and that those with early ctHPVDNA clearance have 

an improved prognosis. Furthermore, ctHPVDNA has been shown to detect recurrences 

earlier than traditional monitoring techniques such as cross-sectional imaging19 (Fig. 1). The 

potential for an integrated diagnostic and monitoring platform carries significant appeal.

ddPCR-based approaches to ctHPVDNA, however, have several limitations. Sample quality 

and quantity can be limiting factors. Processing blood for cell-free DNA detection requires 

specific protocols and can be disrupted by a number of easily made mistakes. Furthermore, 

probe multiplexing is limited, and this restricts the number of genotypes that can be tested at 

one time. Although most HPV+OPSCC cases are caused by HPV genotype 16 (followed by 

HPV-35 and HPV-33), a small percentage of cases are related to additional rare genotypes 

that would be missed with existing approaches if used alone. Furthermore, HPV-associated 

cancers outside the oropharynx have an even more diverse array of genotypes. Perhaps most 

significantly, a standalone blood-based diagnostic test would need to overcome traditional 

viewpoints of what constitutes proof of a cancer, which in head and neck oncology to date 

has equated to a tissue-based diagnosis.

In June 2021, Sastre-Garau et al20 published findings from a multi-national, prospective 

study evaluating a next-generation sequencing (NGS)–based HPV liquid biopsy called 

CaptHPV. CaptHPV uses probes designed for more than 200 HPV genotypes and 

variants followed by NGS library preparation and sequencing. Using this approach, they 

demonstrated 95% sensitivity and 98% specificity across an array of HPV-associated 

cancers. Although the sample size of HPV+OPSCC cases in this study was small (only 

3 HPV+OPSCC cases were included in the cohort of 81 HPV+ cancers overall), the proof 

of principle remains. NGS-based liquid biopsies have the ability to overcome some of the 

limitations of ddPCR, such as the number of genotypes that can be detected. Furthermore, 

the flexibility of NGS to capture and interrogate other features of interest is superior. For 

example, Sastre-Garau et al also reported the integration status and captured significant 

portions of the viral genome, which could be used for subtyping and viral single-nucleotide 

polymorphism interrogation. NGS-based ctHPVDNA detection, however, carries with it a 
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slew of challenges, including higher cost, more complex informatics, and higher minimum 

sample input quantities, among others.

Although much work remains to be done to rigorously assess ctHPVDNA as a standalone 

diagnostic test for HPV+OPSCC or as an adjunct to standard-of-care cytology or tissue-

based diagnosis, the potential of a noninvasive, sensitive, specific, cost-effective, rapid, and 

longitudinally integrated diagnostic and monitoring blood-based test is apparent. Regardless 

of the platform used, the future of blood-based molecular diagnostics for HPV-associated 

cancers is bright, and the increasing incidence of HPV+OPSCC only makes the need even 

greater.
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Figure 1. 
Longitudinal ctHPVDNA for a single patient treated with surgery followed by adjuvant 

chemoradiotherapy with early detection of distant metastatic disease on postoperative 

day 200. Routine imaging revealed lung nodules on day 250 with biopsy and pathology 

confirmation of metastatic HPV+OPSCC on day 260, 2 months later than ctHPVDNA 

detection.
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