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Introduction: Oropharyngeal squamous cell carcinoma (OPSCC) is increasing in global prevalence and is
divided into two types dependent on association with human papillomavirus (HPV). Assay of HPV copy
number in plasma cell-free DNA (cfDNA) provides a minimally invasive method for detecting and
monitoring tumour-derived HPV, with potential for enhancing clinical care.
Materials and methods: In a prospectively recruited cohort of 104 OPSCC patients, we evaluate the utility
of cfDNA droplet digital PCR (ddPCR) as a method for characterisation and longitudinal monitoring of
patients with OPSCC.
Results: ddPCR assay of pre-treatment plasma cfDNA for five HPV types showed overall 95% concordance
with p16 immunohistochemistry and PCR analysis of tumour tissue. Longitudinal sampling in 48 HPVþve
patients, with median follow-up of 20 months, was strongly associated with patient outcomes. Persis-
tently elevated cfDNA-HPV post-treatment was associated with treatment failure (2/2 patients) and an
increase of cfDNA-HPV in patients whose HPV levels were initially undetectable post-treatment was
associated with disease recurrence (5/6 patients). No recurrence was observed in patients in whom
cfDNA-HPV was undetectable in all post-treatment samples. In two patients, sequential HPV measure-
ment could have avoided surgical intervention which did not confirm recurrence.
Conclusion: The high concordance of pre-treatment plasma cfDNA-HPV analysis with tissue-based as-
says, together with the clinical associations of sequentially measured post-treatment cfDNA-HPV copy
number add to a growing body of evidence that suggest utility of cfDNA-HPV ddPCR in management of
OPSCC. Standardised clinical trials based on these data are now needed to assess the impact of such
testing on overall patient outcomes.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
xperimental Medicine, Insti-
rewe Road South, Edinburgh,

eneral Hospital, Crewe Road

k (I.J. Nixon), tim.aitman@ed.

r Ltd. This is an open access article
1. Background

Oropharyngeal squamous cell carcinoma (OPSCC) is an
increasingly prevalent cancer, linked in part to tobacco smoking,
alcohol consumption and oncogenic types of the human papillo-
mavirus (HPV) [1]. HPV infection, particularly type 16 (HPV16),
accounts for 30% of OPSCC cases worldwide, with a large reported
geographic variation (13%e60%) [2]. HPV-associated (HPVþve)
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Table 1
Patient demographics, tumour stage and treatment.

Gender

- Male 73
- Female 31
Median Age (range) 61 (35e86)
Smoking status
- Non-smoker 33
- Ex-smoker 54
- Current smoker 17
Alcohol consumption
- Non/minimal 70
- Occasional (�10 units/wk) 2
- Moderate (11e19 units/wk) 5
- Excess (�20 units/wk) 27
Subsite
- Tonsil 58
- Base of Tongue 37
- Other 9
p16 IHC
- Positive 88
- Negative 16
TNM Stage T N M
- 0 5 14 104
- 1 31 15 0
- 2 27 73 n/a
- 3 9 2 n/a
- 4 32 n/a n/a
AJCC Stage (7th Edition)
- 1 3
- 2 5
- 3 12
- 4a 81
- 4b 3
Treatment
- RT 13
- CRT 73
- Induction chemo þ CRT 2
- Induction chemo þ RT 1
- CRT þ Immunotherapy 2
- Surgery 3
- Surgery þ RT 4
- Surgery þ CRT 2
- Palliative 4

Footnote: Two patients were treated with immunotherapy. One of these patients
was HPVþve and one was HPV-ve.
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OPSCC has clinically significant differences from OPSCC without
viral association (HPV-ve) including smaller primary tumours,
more advanced regional disease and better prognosis [3,4]. The
better prognosis of HPVþve compared to HPV-ve disease has led to
the interest in treatment deintensification for HPVþve disease and
highlights the importance of accurate tumour HPV status identifi-
cation in OPSCC [5,6].

Pre-treatment assessment of OPSCC includes determining
tumour HPV status by immunohistochemistry (IHC) against the
protein p16 and/or HPV PCR testing of biopsy material [7]. Treat-
ment is determined with a multidisciplinary team (MDT) approach
on an individual patient basis [8]. Early-stage disease (AJCC TNM
7th edition stage I/II) is managed with radiotherapy (RT) or surgical
resection while advanced disease (AJCC TNM 7th edition stage III/
IV) is managed with combination therapy which may include sur-
gery, radiotherapy and chemotherapy [8].

Treatment response is determined at 12-weeks following
completion of therapy with clinical and radiological assessment.
Current approaches to post-treatment assessment combine cross-
sectional imaging, such as CT, with functional imaging, such as
FDG-PET [9,10]. Interpretation of PET-CT is complicated in HPVþve
disease by the lower sensitivity and specificity compared to HPV-ve
disease [11]. For patients with a partial or indeterminate post-
treatment locoregional response, management options include
imaging surveillance, biopsy, or surgical intervention. Imaging
surveillance to screen for recurrence is limited by the low positive
predictive value of PET-CT [12] and can be a source of patient
anxiety [13]. Post-treatment biopsy is limited due to the difficult
interpretation of cell viability following chemoradiotherapy (CRT)
[14,15]. Surgical intervention is associated with post-operative
morbidity [16] with the potential for resecting tissue with no
active disease [15,17]. A more accurate method of screening for
treatment failure could allow identification of recurrence at an
earlier stage with the potential to improve patient outcomes.

The analysis of circulating cfDNA, or “liquid biopsy”, represents a
minimally invasive approach to diagnosis and management, with
potential advantages for clinical care of patients with head and
neck cancers [18]. Liquid biopsy has been shown to have applica-
tions across multiple cancer types, including HPVþve OPSCC, for
monitoring treatment response, predicting relapse and providing
early detection of tumour recurrence [19e22]. The association of
OPSCC with HPV infection offers an opportunity for diagnosis and
disease tracking of HPVþve cases through detection of HPV in
plasma cfDNA, and a number of studies have taken this approach
[20,23e27].

The primary aim of this study was to establish ddPCR assays of
plasma cfDNA for multiple HPV strains and to compare these assays
with conventional p16 IHC and qualitative PCR of solid tumour
biopsies for definition of HPV status at presentation, in patients
who were typed by tissue assays as either HPVþve or HPV-ve. The
secondary aim of this study was to carry out longitudinal blood
sampling to test for association of plasma HPV cfDNA copy number
with clinical course and to investigate its potential utility in clinical
management.

2. Materials and Methods

Patients were screened and approached following discussion at
the South East Scotland Multidisciplinary Head and Neck Cancer
Meeting. Samples were collected under the Lothian NRS Human
Annotated Bioresource (Reference: SR1171) and ethics approval by
the East of Scotland Research Ethics Committee (Reference: 15/ES/
0094). Patients with any-stage OPSCC and patients both with or
without HPV association, managedwith either curative or palliative
intent by all treatment modalities were included (Table 1). Patients
1225
with non-squamous cell carcinoma, synchronous cancer or prior
history of head and neck squamous cell carcinoma were excluded.
Overall, 104 consecutive OPSCC patients gave informed written
consent during their pre-treatment work-up. Patients underwent
per-oral biopsy of primary and/or ultrasound-guided biopsy of
nodal tissue with characterisation of tumour HPV status by p16 IHC
as part of standard clinical care. A subset of tissue samples were
later analysed with qualitative HPV-PCR from extracted tumour
DNA.

Pre-treatment blood samples were collected from all patients on
recruitment to the study. Sequential post-treatment blood samples
were also collected from each patient at follow-up clinic appoint-
ments, routinely scheduled as every 3 months for three years fol-
lowed by every 6 months for two years for a total of 5 years, with
additional appointments as clinically indicated. Some post-
treatment blood samples were missed due to the cancellation of
face-to-face appointments during the COVID-19 lockdown, how-
ever all clinical follow-up data was collected as planned. Blood
collection, plasma separation and cfDNA extraction were carried
out on a total of 268 blood samples. The overall study design is
represented in Fig. 1 ddPCR assays of plasma cfDNA were carried
out to detect the five most prevalent HPV genotypes in OPSCC,
using primers designed and developed by Jeannot et al. (HPV16 &
18) and Chera et al. (HPV31, 33 & 35) [23,26]. Further details are



Fig. 1. Study design. All 104 patients with OPSCC underwent characterisation of HPV status by p16 IHC on tumour tissue and by assay of plasma cfDNA by HPV ddPCR. A subset of
68 patients were additionally characterised using HPV-PCR of tumour tissue. 48 patients who were HPVþve by solid tissue characterisation and cfDNA ddPCR pre-treatment were
followed longitudinally with sequential blood sampling for further HPV assay by cfDNA ddPCR. The “partial response” grouping includes patients with indeterminate imaging.
OPSCC, oropharyngeal squamous cell carcinoma; HPV, human papilloma virus; cfDNA, cell-free DNA; CRT, chemoradiotherapy; Immuno, immunotherapy. RT, radiotherapy; EUA,
examination under anaesthesia.
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given in Supplementary Material online.

3. Results

3.1. Patient cohort

Clinical details of the 104 recruited patients are shown in
Table 1, of whom 58 (56%) had primary tonsillar disease, 37 (36%)
base of tongue and the remaining 9 (8%) had disease at other sub-
sites (unknown primary, soft palate and lateral pharyngeal wall).
This distribution is representative of the expected demographic in
the UK [28].

3.2. Comparative analysis of pre-treatment HPV detection: plasma
cfDNA-HPV ddPCR compared with solid tumour p16 IHC and HPV-
PCR

We detected HPV by ddPCR of plasma cfDNA in 85 of the 104
patients pre-treatment, with a wide range of copy number (median
259 copies/ml; range 1e30,380 copies/ml; Fig. 2; Supplementary
1226
Fig. S1). Of these 85 patients, the overwhelming majority
(n ¼ 83) were positive for HPV16 (median 279 copies/ml). Of the
remaining two patients, one was positive for HPV33 (5 copies/ml)
and one for HPV35 (84 copies/ml). Of the HPV16 positive patients,
three were dual positive for both HPV16 and HPV18 (median 154
copies/ml) (Fig. 2).

All 104 patients had pre-treatment p16 IHC solid tissue data
available. We found that 84/85 cases observed to be HPVþve by
ddPCR stained positively for p16 in matched tumour tissue (99%
concordance), whilst 15/19 cases observed to be HPV-ve by ddPCR
were negative for p16 IHC (79% concordance) giving an overall
concordance of 95% between ddPCR and p16 IHC results (Fig. 2).

In 68/104 patients, we carried out qualitative PCR and geno-
typing on DNA extracted from solid tumour tissue collected pre-
treatment. HPV-PCR results agreed with p16 IHC data in 64/68
(94%) of matched tumour samples. HPV-PCR results of solid tumour
achieved similar concordance with cfDNA ddPCR results (63/68;
93%), although three of the samples showing discordance between
cfDNA ddPCR and tumour PCR were concordant between cfDNA
ddPCR and p16 IHC (Fig. 2). All patients in this subset who were



Fig. 2. Comparison between plasma ddPCR assay and solid tumour assays. Bar chart and heatmap of plasma cfDNA-HPV copy number (plotted as Log10 copies/ml plasma) for the
five most prevalent HPV genotypes in OPSCC. Each column denotes a patient. Bar chart displays the combined copies/ml for all genotypes in each patient. Light grey bars (middle
panel) denote samples with no detectable copies beyond background levels. Bar chart above displays the combined copies/ml for all genotypes in each patient. Plots below describe
results from matched solid tumour biopsy material for p16 immunohistochemistry and HPV-PCR. followed by T and N staging, using AJCC 7th edition. Note that T stages 4a and 4b
have been combined into T4; N2 has been kept as 2a, 2b and 2c. The final plot highlights the 56 patients included in the longitudinal follow-up analysis.
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observed to be HPVþve by cfDNA ddPCR were also positive by
either p16 IHC or HPV-PCR (52/52). Of the remaining 16 patients
who were observed to be HPV-ve by cfDNA ddPCR, 88% (14/16)
were also negative by either p16 IHC or HPV-PCR. The discordant
cases included both early and late-stage disease, as calculated by
the T and N staging (Fig. 2). Taken together, the data indicate that
pre-treatment blood-based ddPCR results are strongly concordant
with existing assessment methods employed on solid tumour
tissue.

3.3. Longitudinal monitoring of plasma HPV cfDNA copy number

To test for correlation of treatment response with cfDNA HPV
copy number, we collected sequential post-treatment blood sam-
ples in 48 of the 85 patients with detectable HPV cfDNA pre-
treatment (range 2e105 weeks post-treatment) and in 8 of the 19
patients with undetectable HPV cfDNA pre-treatment (range 4e39
weeks post-treatment). All 8 patients with undetectable HPV
cfDNA pre-treatment displayed negative results on all remaining
samples reiterating the consistency of the ddPCR assays across time
points and treatment stage.

All 48 patients with detectable HPV cfDNA pre-treatment in
whom we collected sequential post-treatment blood samples
1227
underwent treatment with curative intent. Forty patients reached
undetectable HPV levels post-treatment and remained undetect-
able for the remainder of the study (Fig. 3A). 39 of these achieved
this by their first post-treatment blood draw (average 10 weeks,
range 2e22 weeks) with the final patient (patient #04) reaching
undetectable levels by 31-weeks post-treatment (Supplementary
Fig. S2). Patient #04 was unique in that this was the only patient
with detectable pre-treatment HPV cfDNA treated with combined
CRT and adjuvant immunotherapy.

Eight patients demonstrated either a persistently elevated or a
subsequent increase in their HPV copy number after initially
becoming negative post treatment (Fig. 3B). Two of these patients
never reached undetectable HPV levels post-treatment (patients
#15 and #79). Early regional (patient #15) and distant (patient #79)
disease progression was observed, suggesting treatment failure
(Fig. 4). In six patients, HPV copy number fell to zero post-
treatment and subsequently increased. In five of these patients
(patients #11, #54, #55, #77, #84), the rise in HPV copy-number
either pre-dated or correlated with detection of progressive
regional or metastatic disease (Fig. 5AeE; Supplementary
Figs. S3AeE). In the final patient (patient #26), a non-sustained
rise was detected at 58 weeks post-treatment with no clinical or
radiological evidence of disease progression (Fig. 5F).



Fig. 3. Treatment responses and patient outcomes in HPVþve patients according to plasma cfDNA-HPV copy number. A. cfDNA-HPV copy number in patients for whom HPV
levels became undetectable following treatment and remained undetectable for duration of follow-up (n ¼ 40). B. cfDNA-HPV copy number in patients whose HPV levels never
became undetectable following treatment or became undetectable but subsequently increased (n ¼ 8). C. Kaplan-Meier plot and number at risk table of TTP for all patients with
detectable HPV cfDNA pre-treatment with subsequent post-treatment samples (n ¼ 48), stratified by presence or absence of detectable HPV in post-treatment cfDNA sampled at a
median of 13 weeks post-treatment.
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The utility of cfDNA HPV detection at ~12-weeks post-treatment
was assessed as a predictor for disease progression in our HPVþve
longitudinal cohort. Post-treatment imaging (CT ± PET-CT) at a
similar time point classified 36 patients as complete response and
12 patients as partial or disease progression (Supplementary Ma-
terials and Fig. 1). In contrast, 44 patients were classified as having
no detectable HPV levels by cfDNA ddPCR, suggesting a complete
1228
response in these patients. Given the apparently higher rates of
response attained through analysis of cfDNA, we examined the
outcomes of patients over the entire study period stratified by
presence or absence of HPV cfDNA at the timepoint closest to their
12-week imaging (median 13 weeks, range 2-22-weeks). In all 48
patients, the 1-year time to progression (TTP) was 89.6%. When
stratified by the presence or absence of detectable cfDNA-HPV on



Fig. 4. Plasma cfDNA-HPV and CT/PET-CT scans in HPVþve patients with consistently raised cfDNA-HPV. A-B. Pre- and post-treatment cfDNA-HPV copy number (left) in
Patients #15 and #79 respectively with consistently raised cfDNA-HPV in whom disease progression was confirmed by clinical and imaging assessment. PR, partial response; CR,
complete response. CT, MR and PET-CT scans from select time points (right). Yellow arrows demonstrate local disease, red arrows demonstrate regional disease and green arrows
demonstrate distant disease.
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post-treatment blood sampling at a median of 13 weeks after
cessation of treatment, the 1-year TTP was 50% vs. 93.2% respec-
tively (p ¼ 0.001; hazard ratio 10.0 (95% CI 2.1e47.1; Fig. 3C).
1229
Although this result was obtained using the wide range of sample
timepoints closest to 12-week imaging, the result was robust to
restricting the range of sample timepoints to 12 ±5 weeks



Fig. 5. Longitudinal cfDNA-HPV in HPVþve patients with initial fall to undetectable and subsequent rise in HPV copy number. A-E. Patients #11, #54, #55, #77 and #84
showed a fall in HPV copy number with subsequent consistent rise associated with disease progression, as indicated. F. HPV copy number in Patient #26 fell to zero initially and
showed a rise in one sample that was not sustained. PR, partial response; CR, complete response.
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(p ¼ 0.001; hazard ratio 11.6 (95% CI 2.3e58.8)) and 12±3 weeks
(p ¼ 0.001; hazard ratio 11.8 (95% CI 2.1e66.7)).
1230
3.4. Plasma cfDNA-HPV status and threshold for surgical
intervention

In our practice, clinical assessment of HPV status in OPSCC is
based on p16 IHC of solid tumour material, with HPV-PCR testing
used only when requested.
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In our cohort, one case (patient #32) was observed to be
negative for HPV by p16 IHC but positive by ddPCR of cfDNA. Later
HPV-PCR testing performed for this study on the pre-treatment
solid tumour tissue (not available at the time of diagnostic deci-
sion making) was also positive. Longitudinal assessment of cfDNA-
Fig. 6. Post-treatment monitoring and influence on decision for surgical intervention.
response by imaging and underwent salvage surgery, with ddPCR results indicating a comple
(cfDNA-HPVþve, tumour PCR HPVþve, p16 -ve). B. All pre-treatment results in Patient #64

1231
HPV copy number demonstrated a drop from 41 copies/ml pre-
treatment to undetectable in all post-treatment samples (Fig. 6A).
Clinically, the patient's tumour was managed as HPV-ve based on
the p16 IHC result. Post-treatment imaging at ~12-weeks demon-
strated a partial response, and the clinical decision was taken to
A-B. Case studies for Patient #32 and Patient #64 respectively who showed a partial
te response to treatment. A. Patient #32 showed discordant pre-treatment HPV results
were HPVþve.
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perform salvage surgery which resulted in a hypoglossal nerve
injury. Pathological analysis of the resected tissue demonstrated no
detectable tumour, consistent with the undetectable levels of HPV
by ddPCR.

Patient #64 demonstrated similar HPV kinetics (Fig. 6B), though
pre-treatment p16 IHC, tissue HPV-PCR and cfDNA ddPCR results
were all positive. Longitudinal assessment showed a drop from 18
copies/ml pre-treatment to undetectable levels at the patient's first
post-treatment sample. Combined ~12-week imaging suggested a
partial response to treatment. This, in addition to the patient's
young age (48 years), contributed to the decision to schedule
salvage surgery at 21 weeks post-treatment, which was compli-
cated by a severewound infection. Pathological analysis of removed
tissue showed squamous cells of questionable viability. All subse-
quent HPV ddPCR assays of plasma cfDNA have remained unde-
tectable (Fig. 6B) and the patient to date has no clinical evidence of
recurrence.

4. Discussion

In our cohort of 104 patients with OPSCC, we compared pre-
treatment plasma cfDNA-HPV ddPCR with conventional p16 IHC
and HPV-PCR from solid tumour tissue. We also carried out longi-
tudinal blood sampling to test for association of sequentially
measured plasma cfDNA-HPV copy number with clinical course
and to investigate the potential role of cfDNA-HPV ddPCR in clinical
management.

We found a high level of concordance (95%) between HPV
detection via ddPCR of pre-treatment cfDNA and p16 IHC of tumour
tissue, which was comparable to the concordance that we observed
(94%) between p16 IHC and HPV-PCR of tumour tissue. This level of
concordance is greater than that observed in other studies of PCR
assays of cfDNA designed to detect HPV16 only (82% and 71%
respectively) [23,29] and comparable to assays extended to detect
multiple HPV types (87%e96%) [23,24,26]. In our study, in patients
where all three assays (ddPCR of plasma cfDNA, p16 IHC and PCR of
tumour tissue) were performed, 100% of samples that were positive
by ddPCR were also positive by either p16 IHC or tissue PCR, whilst
88% of negative ddPCR tests were also negative by either p16 IHC or
tissue PCR. Taken together with our data, these combined results
demonstrate high sensitivity and specificity of ddPCR HPV assays
for determination of HPV status at presentation, particularly those
that assay for multiple HPV types [23,24,26].

We studied 48 HPVþve patients longitudinally with a median
follow-up of 20 months and observed seven cases of disease pro-
gression. In 40 of the 48 patients (83%), HPV copy number fell to
zero after treatment and remained undetectable for the duration of
the study. All 40 of these patients remained disease free. Previous
studies of comparable size (22e67 cases studied longitudinally)
have shown a similar percentage of patients (80e91%) who were
cfDNA positive for HPV at presentation, who then became persis-
tently cfDNA negative for HPV following treatment [23,25,27,30]. Of
note, each of these studies have different assay methods, sampling
timepoints and study endpoints. For example, Chera et al. and
Rutkowski et al. use ddPCR methodology to detect HPV16 from
longitudinally collected cfDNA samples while Hanna et al. use
multiple ddPCR assays to detect 5 types of oncogenic HPV. In
contrast, Lee et al. employ next generation sequencing (NGS) for
HPV16 detection. In assessing association with treatment out-
comes, Chera et al. define a “favorable cfDNA clearance profile”
based on pre-treatment HPV copy number and >95% clearance by
week 4 of treatment [23]. Rutkowski used the 12-week post-
treatment timepoint to define sensitivity and specificity for
detecting treatment failure up to 6months post-treatment [30]. Lee
et al. reported patient outcomes based on NGS-assayed HPV at 6
1232
and 12 weeks post-treatment [27].
In 8 of the 48 patients that we followed longitudinally, two

patients showed persistently raised HPV cfDNA and both were
confirmed to have disease progression at �28-weeks post treat-
ment. In the remaining six patients, HPV cfDNAwas undetectable in
the first post-treatment sample, which was followed by a rise in
HPV cfDNA copy number in subsequent samples. Five of these six
patients went on to develop either regional or distant disease
progression. The rise in cfDNA HPV copy number was detected in
two of these five patients before the clinical detection of disease
recurrence. In a single case, there was an isolated increase in HPV
cfDNA copy number in a single sample with subsequent return to
undetectable and no evidence of disease progression. The result in
this patient adds weight to the recommendation by Chera et al. to
obtain two consecutive positive results before recall for clinical and
radiological reappraisal [20].

Because of the routine 12-week radiological assessment time-
point, we tested for an association between TTP and detection of
HPV cfDNA in the blood sample obtained closest to 12 weeks post-
treatment. Detection of HPV cfDNA by ddPCR at a median of 13-
weeks was associated with a lower TTP at one year in patients
with HPVþve OPSCC (50% compared to 93.2%, p ¼ 0.001, hazard
ratio ¼ 10.0 (95% CI 2.1e47.1)). However, of the 7 patients that
progressed, only 3 had detectable HPV cfDNA on the post-
treatment blood sample that was closest to their 13-week time-
point. Progression in the remaining 4 patients was associated with
a later rise in HPV cfDNA in all 4 patients, either preceding or at the
time of clinical confirmation of disease progression. In a cohort of
66 HPVþve patients, Rutkowski et al. reported a similar association
between 12-week cell-free HPV16 DNA and patient outcomes after
6 months of follow up. In their study, five out of six patients who
had detectable cell-free HPV16 DNA at 12 weeks had confirmed
disease progressionwithin 6months while none of thosewhowere
HPV16 undetectable at 12 weeks had clinical evidence of disease
progression [30].

Two cases of detectable pre-treatment cfDNA-HPV followed-by
persistently undetectable post-treatment HPV cfDNA in our study
demonstrate how pre-treatment and longitudinal post-treatment
HPV cfDNA analysis can be of value in the clinical management of
HPVþve OPSCC. In Patient #32 and in Patient #64, indeterminate
imaging at 12 weeks led to a clinical decision for surgical interven-
tion which resulted respectively in a hypoglossal nerve injury and a
wound infection. Tissue resection in neither case led to disease
detection and the patients have remained in remission. In both cases,
pre-treatment cfDNA-HPV was positive and was followed by a fall to
consistently undetectable levels. Greater reliance on the ddPCR re-
sults in these two cases, had they been available for clinical decision
making, could have avoided surgery. Similarly, Rutkowski et al. re-
ported post-treatment biopsy or neck dissection in 7 HPVþve OPSCC
patients with indeterminate imaging but undetectable post-
treatment HPV16 cfDNA. In all 7 patients, residual disease was not
identified [30]. Lee et al. reported post-treatment neck dissection or
biopsy in 6 patients with indeterminate imaging, all of whom had
HPV16 cfDNA below the detection threshold, with no evidence of
viable tumour found in the resected tissue [27]. These cases show the
potential value of HPV cfDNA assays to assist in management de-
cisions in OPSCC patients with suspected disease progression.

Our observation of undetectable pre-treatment cfDNA HPV by
ddPCR in two patients who were positive by both p16 IHC and
tissue HPV PCR indicates that ddPCR may have less than 100%
sensitivity for detection of HPV-related OPSCC. Both tumours were
N0 but T2 or T3, suggesting that limited tumour size or spread may
have been a factor in the undetectable HPV result. However other
factors may also contribute, because other tumours of similar stage
in our cohort had positive HPV cfDNA results. These results may be



S.J. Warlow, M. Adamowicz, J.P. Thomson et al. European Journal of Surgical Oncology 48 (2022) 1224e1234
viewed alongside the less than 100% sensitivity and specificity of
the tissue-based assays, in which false positive results can occur
with p16 IHC owing to activation of the p16 pathway by causes
other than HPV [7,31]. False positive results can also occur with
tissue HPV due to ambient HPV infection that is unrelated to
oncogenesis [7,32].

Our study has certain limitations. First, a small number of
sampling timepoints were missed due to clinic closures during
lockdown arising from the COVID-19 pandemic. This affected a
minority of patients and replacement samples were sought where
possible and all clinical data was collected as planned. Second,
tumour HPV-PCR results were only available for a subset of pa-
tients, but allowed comparison of all three methods in over than
60% of the cohort. Third, longitudinal monitoring of HPV cfDNAwas
only available on 48 HPVþve patients and 8 HPV-ve patients. This
was restricted by patient availability for follow-up in an unbiased
fashion and did not affect the overall significance of the results.

Taken together, these data show that pre-treatment assay of
plasma cfDNA HPV is strongly concordant with solid tumour p16
IHC and qualitative HPV-PCR, that longitudinal measurement of
cfDNA HPV can inform clinical decisions and that stratification of
HPVþve OPSCC patients by the presence or absence of detectable
HPV cfDNA at a median of 13-weeks post-treatment is associated
with 1-year TTP. Furthermore, regular post-treatment measure-
ment of cfDNAHPV copy number can lead to the earlier detection of
disease progression than standard clinical assessment and imaging
alone. Together, our findings, contextualised with the current
literature, provide a compelling case for evaluation of the cost
effectiveness and clinical utility of cfDNA HPV ddPCR analysis in the
management of patients with OPSCC. Given themultiple assays and
timepoints on which the conclusions of studies to date have been
based, testing of HPV cfDNA under standardised study design in
prospective randomised trials will help to establish the long-term
impact on patient outcomes. The results of this study may help in
the successful design of such trials.
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