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Abstract

Background Human papilloma virus (HPV) related cancers of the oropharynx are rapidly increasing in incidence
and may soon represent the majority of all head and neck cancers. Improved monitoring and surveillance methods
are thus an urgent need in public health.

Main text The goal is to highlight the current potential and limitations of liquid biopsy through a meta analytic
study on ctHPVDNA and TTMV-HPVDNA. It was performed a Literature search on articles published until December
2023 using three different databases: MEDLINE, Embase, and Cochrane Library. Studies that evaluated post-treatment
ctHPVDNA and TTMV-HPVDNA in patients with HPV + OPSCC, studies reporting complete data on the diagnostic
accuracy in recurrence, or in which the number of true positives, false positives, true negatives, and false negatives
was extractable, and methods of detection of viral DNA clearly defined.

The meta-analysis was conducted following the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
reporting guidelines.

The aim of this meta-analysis was to evaluate the sensitivity, specificity, and accuracy of ctHPVDNA and TTMV
by ddPCR to define its efficacy in clinical setting for the follow up of HPV-OPSCC.

Conclusion The 12 studies included in the meta-analysis provided a total of 1311 patients for the analysis (398 valu-
ated with ctHPVDNA and 913 with TTMV-HPVDNA). Pooled sensitivity and specificity were 86% (95% Cl: 78%-91%)
and 969% (95% Cl: 91%-99%), respectively; negative and positive likelihood ratios were 0.072 (95% Cl: 0.057-0.093)
and 24.7 (95% Cl: 6.5-93.2), respectively; pooled DOR was 371.66 (95% Cl: 179.1-918). The area under the curve (AUC)
was 0.81 (95% Cl, 0.67-0.91).

Liquid biopsy for the identification of cell free DNA might identify earlier recurrence in HPV + OPSCC patients. At

the present time, liquid biopsy protocol needs to be standardized and liquid biopsy cannot yet be used in clinical set-
ting. In the future, a multidimensional integrated approach which links multiple clinical, radiological, and laboratory
data will contribute to obtain the best follow-up strategies for the follow-up of HPV-OPSCC.
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Introduction

Incidence of oropharyngeal squamous cell carcinoma
(OPSCC) is rising exponentially in high-income coun-
tries [1], despite the decreased exposure to classic risk
factors associated with the development of head neck
cancers, namely cigarette smoking and alcohol con-
sumption. This epidemiological trend can be attributed
to an epidemic spread of high-risk oncogenic Human
Papillomavirus (HPV) infection, a well-known risk fac-
tor for the development of oropharyngeal squamous
cells carcinoma [2]. Of the over 200 genotypes currently
known, 13 are associated with the development of neo-
plastic pathology in humans. Among these, the most
well-known and studied is the HPV-16, which is respon-
sible for almost 90% of these cases [3]. The increase in
incidence of HPV +OPSCC is so exponential that the
number of men affected by HPV-OPSCC has surpassed
the number of women affected by HPV-related cervical
carcinoma, making OPSCC the most commonly HPV-
related cancer in industrialized countries [4].

Despite the ongoing evolution of treatment modali-
ties with the introduction of robotic surgery, the diag-
nostic workup has not evolved for several years [5].

Regarding follow-up, the current National Compre-
hensive Cancer Network guidelines indicate the execu-
tion of imaging at baseline after treatment and clinical
assessment at regular intervals for a minimum of five
years. Positron emission tomography (PET) at 3 months
after completion of chemoradiation is considered
standard of care [6]. However, over time, several critical
issues have emerged regarding this surveillance modal-
ity. For instance, it has been highlighted that the use
of PET scans in post-radio chemotherapy treatment is
characterized by a high number of false positives [7-9].
PET-CTs have a poor positive predictive value of 30%
on 12 week surveillance for HPV-OPSCC [10]. A recent
meta-analysis highlighted that PET-CT results were
equivocal for 22.5% (95% CI, 12.5-36.9) and equivocal/
positive for 34.2% of patients (95% CI, 25.1-44.5) [11].

Even when combining this method with Magnetic
Resonance Imaging (MRI), distinguishing between dis-
ease persistence and normal post-treatment metabolic
response remains complicated [9, 12, 13]. Furthermore,
the use of cyto/histological typing through fine needle
aspiration in these cases is characterized by a failure
rate of approximately 30% [14, 15].

The use of multiple visits leads to increased costs for
the national healthcare system and the development of
anxiety and depression for the patients [16].

On the other hand, an early and precise disease diag-
nosis coupled with a timely treatment is likely associ-
ated with better overall survival [17].

Due to this gray area in the diagnostic workup, the
search for new biomarkers has risen over the years, and
an increasing number of studies are investigating the
utility of liquid biopsy at diagnosis and during follow
up. In detail, circulating tumor HPVDNA (ctHPVDNA)
and circulating tumor tissue-modified viral HPV DNA
(TTMV-HPVDNA) are emerging as promising bio-
markers to improve clinical decision- making in the
care of OPSCC patients.

Although several academic groups have developed
research- grade circulating tumor HPV DNA (ctH-
PVDNA) assays, the first commercial ctHPVDNA
assay, based on detection of circulating tu- mor tissue—
modified viral HPV DNA (TTMV-HPV DNA), became
available in the USA in 2020 and allowed for wide-
spread clinical practice to this technology [18].

Previous meta-analyses demonstrated that digital
drop PCR (ddPCR) for ctHPVDNA has good accuracy,
sensitivity and specificity for first diagnosis of HPV-
related OPSCC [19].

However, a recent narrative review on TTMV-HPVDNA
and ctHPVDNA development for early detection of can-
cer recurrence highlights existing knowledge gaps and
suggests research that should be prioritized to understand
the association between biomarker-based surveillance and
patient outcomes [18].

In this setting we elaborate a systematic review
and meta-analytic study on ctHPVDNA and TTMV-
HPVDNA, to highlight the current potential and limi-
tations of liquid biopsy.

Thus, the aim of this meta-analysis is to evaluate the
sensitivity, specificity, and accuracy of ctHPV DNA and
TTMYV by ddPCR to define its efficacy in the clinical
setting for the follow up of HPV-OPSCC.

Materials and methods

Systematic review and meta-analysis were conducted
following the Meta-analysis Of Observational Studies
in Epidemiology (MOOSE).
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Study eligibility criteria

The inclusion criteria were as follows: 1) studies that eval-
uated post-treatment ccHPVDNA and TTMV-HPVDNA
in patients with HPV+OPSCC, 2) studies reporting
complete data on the diagnostic accuracy in recurrence,
or in which the number of true positives, false positives,
true negatives, and false negatives was extractable, 3)
methods of detection of viral DNA clearly defined.

The exclusion criteria were: 1) incomplete data on the
patients’ follow up; 2) non-original studies (i.e., reviews).
Peer-reviewed publications in English were included,
with no restrictions to the publication year.

Search strategy
Authors conducted a literature search on articles pub-
lished until December 2023 using three different data-
bases: MEDLINE, Embase, and Cochrane Library
searching for studies examining the diagnostic perfor-
mance of ctHPVDNA and TTMV during follow up in
patients with HPV-related OPSCC (Supporting Table 1).
The articles were surveyed applying the selection crite-
ria on the title and abstract (phase 1) and then on the full
text of those deemed appropriate after the first analysis
(phase 2). In addition, a manual search was conducted for
references from the selected studies. Duplicate abstracts
were carefully removed.

Data extraction

A standardized electronic data collection form was used
independently by two reviewers (FC, CM) to extract the
data from each of the included studies such as the first
author’s name, year of publication, study design, coun-
try, number of patients, cancer site, HPV status of cancer,
number of pretreatment blood tests, HPV status in blood
and method for the detection of viral DNA.

The extracted outcomes about the diagnostic accuracy
of ctHPVDNA as a detection test for disease progression
in patients affected by HPV-positive HNSCC were the
number of true positives, false positives, true negatives,
and false negatives.

Statistical analysis

A diagnostic random effects meta-analysis was carried
out using the DerSimonian-Laird method. The pooled
sensitivity and specificity, the diagnostic odds ratio
(DOR), positive and negative likelihood ratios were cal-
culated. Results were reported with a 95% confidence
interval (CI) for all the analyses. A correction factor of
0.5 for “0” events was applied. A subgroup meta-analy-
sis was also executed dividing the studies in two groups
according to the diagnostic method used, ctHPV DNA
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or TTMV HPV DNA. All the analyses were performed
using R software for statistical computing (R 2.10.1;
“meta” and “mada” package).

Risk of bias

The Quality Assessment of Diagnostic Accuracy Studies
second edition (QUADAS-2) was applied to calculate the
potential risk of bias and quality of included studies. The
seven items of QUADAS-2 checklist were scored in all
included articles. The risk of bias was rated high (H), low
(L), or unclear (U) according to the QUADAS-2.

Results

Study selection

The preliminary search, according to the scheme defined,
led to the identification of 438 articles. After the removal
of duplicates, 189 articles were detected. All the 189 pub-
lication were screened in title and abstract and 49 papers
were revised in full text. No other relevant articles were
identified from the reference screening. Twelve articles,
published between 2019 and 2023, fully met the inclusion
criteria for the statistical analysis [20, 21, 23, 25, 26, 29,
31-33].

Probes for HPV cDNA detection by ddPCR

All studies used droplet digital PCR (ddPCR) and all
studies extracted circulating tumour DNA from plasma.
Clinical and demographical data is reported in Table 1.
Primers/probes used by the studies included were differ-
ent, as showed in Table 2.

ctHPVDNA meta analysis for diagnostic accuracy in OPSCC

The 12 studies included in the meta-analysis provided a
total of 1311 patients for the analysis. The meta-analytic
study estimated diagnostic performance of ctHPVDNA
and TTMYV during follow up as follows: pooled sensitivity
and specificity of 86% (95% CI: 78%-91%) and 96% (95%
CIL: 91%-99%) (Fig. 1), respectively; negative and positive
likelihood ratios of 0.072 (95% CI: 0.057-0.093) and 24.7
(95% CI: 6.5-93.2) (Fig. 2), respectively; pooled DOR of
371.66 (95% CI: 179.1-918.1) (Fig. 3). HSROC curve is
presented as a supplementary figure ( Fig. 4). The area
under the curve (AUC) was 0.81 (95% CI, 0.67-0.91).

The subgroup meta-analysis did not show a statisti-
cally significant difference among the ctHPVDNA and
the TTMV-DNA subgroup both regarding sensitivity
and specificity. The ctHPVDNA subgroup sensitivity
was 82.9% (95% CI 68.2-91.6) while the TTMV-DNA
was 89.7% (95% CI 72.2-96.7), p>0.05. The ctHPVDNA
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Fig. 1 Diagnostic accuracy of ctHPVDNA and TTMV-HPVDNA displayed by forest plots estimating (A) sensitivity, B specify during follow

up in patients with HPV + OPSCC (confidence interval (Cl) in brackets)
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Fig. 2 Diagnostic accuracy of ctHPVDNA and TTMV-HPVDNA displayed by forest plots estimating positive likelihood ratio (PLR), and negative
likelihood ratio (NLR) during follow up in patients with HPV+OPSCC (confidence interval (Cl) in brackets)
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Fig. 3 Diagnostic accuracy of ctHPVDNA and TTMV-HPVDNA displayed by forest plots estimating diagnostic odds ratio (DOR) during follow

up in patients with HPV+OPSCC (confidence interval (Cl) in brackets)

subgroup specificity was 94.8% (95% CI 91.4-97.0) while
the TTMV-DNA was 96.4% (95% CI 91.1-98.6), p>0.05.

Qualitative assessment

Quuality assessment based on the QUADAS-2 is shown
in Table 2s, and the overall risk of bias was rated low.
Included studies fulfilled the items “patient selection’,
“index test”, “reference standard”, and “flow and tim-
ing” of the risk of the bias section and all three items of

the applicability concerns section (“patient selection’,
“index test”, and “reference standard”).

Discussion

Former meta-analyses on the diagnostic accuracy of liq-
uid biopsy with the research of cell free DNA revealed
that this technology is improving diagnostic protocol for
several cancer including gastric cancer [34], lung cancer
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Fig. 4 HSROC curve: the area under the curve (AUC) was 0.81 (95% Cl 0.67-0.93)

[35] and Head and Neck cancer [19, 36]. To the best
our knowledge, this is the first meta-analysis exploring
the accuracy of ctHPVDNA and TTMV-HPVDNA by
ddPCR in patients with HPV +OPSCC during follow
up. This meta-analysis analyzed outcomes from 1311
HPV + OPSCC patients: 398 valuated with ctHPVDNA
and 913 with TTMV-HPVDNA. The results of the pre-
sent meta-analysis indicate that the ctHPVDNA and
TTMV-HPVDNA tests have the potential to be good
diagnostic tools during follow-up. The goodness of a
diagnostic test is based on multiple outcomes. First of
all, the sensitivity and specificity values, followed by
the likelihood ratio, the diagnostic odds ratio, and the
ROC curves values. The pooled sensitivity and speci-
ficity of 86% (95% CI: 78%-91%) and 96% (95% CI 91%-
99%) indicate that the test might be useful in clinical
practice. Also, the positive and negative likelihood
ratios (LR), which are a measure of diagnostic accu-
racy, gave satisfactorily results [37]. Good diagnostic
tests have LR+ > 10 and have LR-<0,1 [38]. Our meta-
analysis shows LR +values of 24.7 (95% CI: 6.5-93.2)
and LR- of 0.072 (95% CI: 0.057-0.093). These values

correspond to a good diagnostic test. The diagnostic
odds ratio (DOR) gives a rough estimate of diagnostic
accuracy [39]. A value above 200 is generally accepted
as those of a good diagnostic test, from our analysis a
DOR of 371.66 was calculated. Regarding the meta-
analysis by subgroup, no statistically significant differ-
ence between ctHPV DNA and TTMV-HPVDNA was
evidenced. The ctHPVDNA subgroup sensitivity was
82.9% (95% CI 68.2-91.6) while the TTMV-HPVDNA
was 89.7% (95% CI 72.2-96.7), p>0.05. The ctHPVDNA
subgroup specificity was 94.8% (95% CI 91.4-97.0)
while the TTMV-DNA was 96.4% (95% CI 91.1-98.6),
p>0.05. HPV-related cancers of the oropharynx are
rapidly increasing in incidence and may soon represent
the majority of all head and neck cancers. Improved
monitoring and surveillance methods are thus an urgent
need in public health. Currently, the follow-up proto-
col for OPSCC patients is limited to imaging evaluation
and the low diagnostic value and accuracy of such sur-
veillance method may expose patients to unnecessary
surgery [40]. Consequently, patients with HPV- asso-
ciated OPSCC are prone to experience unnecessary
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diagnostic or therapeutic procedures, such as neck dis-
section. The rate of unnecessary neck dissection in case
of clinical partial nodal response is high, and almost
60% of neck dissection specimens did not include can-
cer tissue [41]. Recently, researchers and clinicians have
begun to evaluate the clinical utility of ctHPVDNA and
TTMV-HPVDNA in biological fluids for the diagnosis
and monitoring of patients with HPV-positive cancers.
Tumor progression is associated with the expression
of oncogenic viral DNA and proteins. Interestingly,
EBV circulating DNA load is currently considered a
new biomarker that reflects prognosis and change in
response to nasopharyngeal cancer treatment [42]. It is
thus reasonable that ctHPVDNA could have the same
diagnostic/prognostic impact/efficacy. ccHPVDNA and
TTMV-HPVDNA may have a role in diagnosis to con-
firm the correlation of the tumor with HPV [19], and
during follow up to identify recurrence, as is evident
from the current analysis. Furthermore, the kinetics of
ctHPVDNA allows identifying the molecular residue
disease [26] and in this setting liquid biopsy is used to
select patients in de-escalation protocols [43]. It must
be pointed out that meta-analysis has some limita-
tions. First, the low number of studies somewhat limit
the generalizability of results. Moreover, some hetero-
geneity between the included studies must be taken in
consideration. ctHPVDNA assays are home-made and
study design and primers/probes are different. In detail
several studies analyze only HPV 16 while others have
the possibility of identifying different strains of HPV.
On the other the number of patients evaluated with
TTMV-HPVDNA is more than double that with ctH-
PVDNA (913 vs 398). Furthermore, the assay used is
always the same and this makes the methodology easier
to evaluate. However, an important limitation is that
two studies based on TTMV-HPVDNA are retrospec-
tive. Finally, a further limitation is the heterogeneity of
the timing chosen to perform the test during follow-up,
for this reason it is desirable that the liquid biopsy pro-
tocol is standardized.

In conclusion, this meta-analysis demonstrated
that liquid biopsy have good accuracy, sensitivity and
specificity for the diagnosis of relapse in patient with
HPV + OPSCC. In the future, a multidimensional inte-
grated approach which links multiple clinical, radiologi-
cal, and laboratory data will contribute to obtain the best
follow-up strategies for the follow-up of HPV-OPSCC.
Currently caution is advised, liquid biopsy protocol needs
to be standardized and liquid biopsy cannot yet be used
in clinical setting. It is necessary to improved sensitivity
before widespread adoption. In the next years, studies
on larger and detailed patients’ cohorts and continued
improvements in assay methodology and technology
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could allow the implementation of ctHPVDNA in routine
clinical use.
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