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Abstract
Background: There is an alarming increase in human papillomavirus- associated 
head and neck cancer (HNC), reaching epidemic levels. While patient prognosis 
is generally good, off- target treatment effects are associated with decreased qual-
ity of life. Thus, non- invasive strategies to predict treatment response and risk of 
recurrence could help de- escalate treatment. In this study, we tested circulating 
tumor (ct)DNA in liquid biopsies (blood/saliva) of HPV- positive HNC patients to 
assess treatment response and disease progression.
Methods: A total of 235 blood and saliva samples were collected from 60 HPV- 
positive and 17 HPV- negative HNC patients (control group) before and/or after 
treatment. Samples were analyzed using ddPCR for HPV16/18/31/33/35/45 and 
correlated with imaging and pathological examination.
Results: HPV- ctDNA detection was significantly higher prior to treatment (91%) 
than after treatment (8.0%) (χ2 p < 0.00001), with high concordance between saliva 
and blood (93%). In matched samples, all patients positive for ctDNA before treat-
ment showed significant reductions in ctDNA levels post treatment (p < 0.0001). 
All but one patient with persistent ctDNA after treatment showed residual tumor 
and subsequent recurrence. Finally, fragmentomic analysis revealed shifts in cell- 
free DNA fragment size after treatment, suggesting a complementary biomarker 
for treatment response.
Conclusions: Blood and saliva were found to be good sources of HPV- ctDNA. 
The presence of ctDNA strongly correlated with treatment response, demonstrat-
ing clinical utility as a non- invasive biomarker to monitor tumor progression in 
HPV- positive HNC. Liquid biopsy based ctDNA testing could be an effective ap-
proach to predict recurrence and stratify patients for de- escalation of treatment, 
thereby improving quality of life.

www.wileyonlinelibrary.com/journal/cam4
mailto:
https://orcid.org/0000-0003-4970-0799
https://orcid.org/0000-0002-2184-2157
http://creativecommons.org/licenses/by/4.0/
mailto:sarah.ferrier@mail.mcgill.ca


15778 |   FERRIER et al.

1  |  BACKGROUND

Head and neck cancer (HNC) is the sixth most common 
cancer worldwide, accounting for 890,000 cases and 
450,000 deaths annually.1,2 Current treatment regimens 
are associated with significant side effects such as diffi-
culty swallowing and speaking.3 In recent decades, inci-
dence rates of certain subtypes of HNC— including oral 
cavity squamous cell carcinomas (SCCs)— have decreased 
due to changes in smoking and other lifestyle factors.4 
Despite this, the prevalence of oropharyngeal SCC has 
increased alarmingly, related to human papillomavirus 
(HPV) infection rates, with these cases generally occur-
ring in a younger patient population.1,4,5 In the US and 
part of the EU, an estimated 60%– 70% of newly diagnosed 
oropharyngeal cancers (OPCs) are related to HPV infec-
tion.6 Treatment for HPV- related HNC includes radiation 
or surgery, with or without systemic therapy.6 HPV- related 
OPC patients show significantly longer survival than 
HPV- negative patients, with a median survival of 131 ver-
sus 20 months.7 Because of the favorable prognosis, the 
goal of many ongoing trials is to de- escalate treatment to 
reduce treatment- related toxicity without compromising 
efficacy.8

Multiple oncogenic HPV strains can be responsible 
for the development of OPC. The most prevalent strain 
is HPV16, accounting for 90% of cases of HPV- related 
tumors,5 followed by HPV18 and HPV33.9 Tumors are 
generally diagnosed as HPV+ through surrogate immuno-
histochemical staining for p16, but p16 staining and HPV 
status are not always concordant.10

While HPV has been causally linked to the develop-
ment of HNC for decades,5 there are currently no stan-
dardized options for HPV screening, analogous to the 
pap test for cervical cancer.11,12 Liquid biopsy involves the 
analysis of bodily fluids such as blood, saliva, and urine. 
Cell- free (cf)DNA are short fragments of DNA that are 
released from cells as a result of cell death— including 
apoptosis and necrosis— and through active secretion.13 
Circulating tumor (ct)DNA refers to the cfDNA that is spe-
cifically released from tumors and can be identified using 
features of the cancer cell of origin, including mutations 
and viral sequences. ctDNA has been used as a biomarker 
to monitor tumor status and correlate with treatment re-
sponse in many solid malignancies.11 With a very short 
half- life in circulation (minutes to hours), ctDNA gives 
a real- time assessment of disease at the time of sample 

collection.14 While most ctDNA studies have focused on 
genomic events, viral ctDNA has been detected in patient 
blood for numerous virus- related tumor types, including 
cervical cancer,15 Burkitt's lymphoma,16 and nasopha-
ryngeal17 and oropharyngeal carcinomas.18 In these tu-
mors, viral ctDNA is associated with disease presence and 
progression.

Due to the side effects caused by treatment of advanced 
OPC, as well as the potential for late recurrences in these 
patients, a non- invasive method to monitor treatment re-
sponse and disease progression would be ideal, preventing 
overtreatment and the associated long- term side effects. 
In this prospective study, we analyzed 235 saliva and blood 
samples to determine the clinical utility of ctDNA as a bio-
marker of treatment response and to predict recurrence.

2  |  METHODS

2.1 | Patient samples

Following informed consent, 77 patients were enrolled in 
this study at the Royal Victoria Hospital Head and Neck 
Clinic in accordance with ethics protocol 2020- 5918 ap-
proved by the Research Institute – McGill University Health  
Centre Review Ethics Board. Of these patients, 60 had con-
firmed p16+ tumors, while 17 were being treated for HPV- 
unrelated (p16- ) HNC. Blood and saliva samples were 
obtained from patients. Patient history, including age, sex, 
prior scans (PET, MRI, CT) and results from pathological 
and physical examination were used to correlate ctDNA 
levels with clinical history. Patients were staged accord-
ing to American Joint Committee on Cancer 8th edition 
(AJCC- 8). Patients were classified based on treatment, 
sampling time (pre- treatment, post- chemotherapy/post- 
radiation/post- surgery), and whether they were currently 
in treatment for a newly diagnosed tumor or recurrence. 
Patients who did not have follow- up imaging or pathology 
were excluded from analysis.

2.2 | Blood and saliva collection and 
sample processing

10 mL blood samples were collected from patients from a 
peripheral vein or central line in PAXgene blood ccfDNA 
tubes (768165, BD Biosciences). Samples were centrifuged 
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at 2000g for 15 min to isolate plasma, followed by a second 
spin at 2000g for 10 min to remove any remaining cells. Buffy 
coat was isolated after the first round of centrifugation.

2 mL saliva samples were collected in Oragene self- 
collection tubes (OG- 600, DNA genotek) by patients 
according to the MD Anderson protocol, as previously 
described by Wang et al.19 In brief, patients were asked to 
allow saliva to collect in the floor of the mouth for 5 min 
before spitting into a collection vial. Upon filling the vial, 
the self- collection tubes were closed to release the DNA 
preservation solution, and were inverted 12 times. Samples 
were centrifuged at 2000g for 15 min to remove cellular 
matter from cell- free saliva. Samples were then centri-
fuged at 2000g for 10 min. If cellular matter was present 
after the second centrifugation step, this step was repeated. 
Samples were stored at −80°C until DNA extraction.

2.3 | DNA extraction from 
plasma and saliva

Cell- free DNA was extracted with the Circulating Nucleic 
Acid Kit (55114, Qiagen) using the protocol for extrac-
tion of DNA from 4 mL serum or plasma, as routinely 
performed in our lab, modified through the use of a two- 
step elution. For plasma samples, elution was performed 
first with 20 μL followed by 10 μL buffer AVE. For saliva 
samples, elution was performed with 40 μL and then 20 μL 
buffer AVE. For each elution step, buffer was left in the 
tubes for 5 min and then spun for 2 min at 20000g.

DNA was quantified using the Qubit fluorometer 
dsDNA high sensitivity kit (Q32854, Invitrogen) following 
the manufacturer's protocol. Samples were briefly vor-
texed and centrifuged before quantification using 1 μL of 
DNA.

DNA fragment size was determined using the Agilent 
2100 Bioanalyzer with the High Sensitivity DNA kit ac-
cording to the manufacturer's protocol. Dominant frag-
ment size was determined as the bioanalyzer peak with 
the higher molar concentration in the sample.

2.4 | PCR conditions

For all patients, ddPCR was performed first using prim-
ers/probes for HPV16 E7 and RPP30 (reference gene). If 
negative results were obtained for HPV16, the reaction 
was performed with primers/probes for HPV18 E7 and 
HPV33 E7. ddPCR was performed according to the manu-
facturer's protocol, using 10 μL 2× ddPCR Supermix for 
probes, 900 nm primers (Integrated DNA Technologies), 
250 nm probes (FAM/HEX, Affinity Plus qPCR Probes, 
Integrated DNA Technologies), up to 8 μL of DNA 

template, and nuclease- free water. For patients negative 
for HPV16/18/33, samples were tested using ddPCR with 
EVAgreen and primers for HPV31/35/45. For each reac-
tion, the mix described above was added to the cartridge, 
followed by 70 μL of Droplet Generation Oil (1863005, 
Bio- Rad Laboratories). Droplets were generated using the 
QX200 Droplet Generator (Bio- Rad Laboratories). PCR 
was performed as follows: 1 × 95°C (10 min), 45 × (95°C 
(30 s), 60°C (60 s), and 72°C (30 s), and 1 × 90°C (10 min). 
The plate was read using the QX200 Droplet Reader (Bio- 
Rad Laboratories), and data was analyzed with QuantaSoft 
software. All samples were performed in duplicate. Samples 
with <10,000 droplets were excluded from analysis.

2.5 | Primer and probe sequences

HPV16 E7 F: TGTGA CTC TAC GCT TCG GTTG
HPV16 E7 R: GCCCA TTA ACA GGT CTTCCA
HPV16 E7 probe: /56- FAM/TA + CAAA+GCACA+CA 

+ CGT/3IABkFQ/
HPV18 E7 F: GCATG GAC CTA AGG CAACAT
HPV18 E7 R: GAAGG TCA ACC GGA ATT TCAT
HPV18 E7 probe: /5HEX/CA + TT + GTATT+G + CAT

TTA+GA + GCC/3IABkFQ/
HPV31 E7 F: TGCGT GGA GAA ACA CCTACG
HPV31 E7 R: AACAG TGG AGG TCA GTTGCC
HPV45 E7 F: GGCAA CAC TGC AAG AAA TTGTA
HPV45 E7 R: CCTCC TCT GAC TCG CTT AATTG
HPV 33 E7 F: CTTGT AAC ACC ACA GTT CGT TTATG
HPV 33 E7 R: GTGCC CAT AAG TAG TTG CTGTA
HPV33 E7 probe: /56- FAM/AAGT+G + A + CC + T + A 

+ CGA/3IABkFQ/
HPV35 E7 F: TGGAG AAA TAA CTA CAT TGC AAGAC
HPV35 E7 R: GCTGT CAC ACA ATT GCT CATAA
RPP30 F: AGCCCTAATGTTCACAGCTC
RPP30 R: TTGCTTTGTGGCCTAGGTATTA
RPP30 probe: /5HEX/TC + C + T + CTCT+GC + CTA/3

IABkFQ/

2.6 | Statistical analysis

Assay performance was assessed using all patient samples 
including control patients. Disease presence was deter-
mined on the basis of imaging and/or pathology results. 
Patients were considered to have present disease when 
they showed signs of disease either at the time of sam-
pling or a time point following sample collection without 
intervening treatment. Patients were considered to be 
negative for disease if they had confirmed HPV- negative 
HNC or if they had successful treatment with no signs 
of recurrence or residual disease in at least the 6 months 
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following sample collection. Patients with inconclusive 
pathological and imaging results were excluded from test-
ing. Sensitivity was calculated as true positive samples/
total samples where patients had active disease. Specificity 
was calculated as true negative samples/total disease neg-
ative samples.

3  |  RESULTS

3.1 | High concordance in ctDNA 
detection was seen between blood and 
saliva liquid biopsies

Blood and saliva samples were collected from 60 HPV- 
positive and 16 HPV- negative HNC patients (control 
group) before and/or after surgical resection. Patients with 
confirmed p16- positive primary or recurrent oropharyn-
geal SCCs at any stage of treatment were included. For 
the control group, patients with oral cancers unrelated to 
HPV were included. All patients had confirmed follow- up 
scans and/or pathology. Patient characteristics are shown 
in Table 1. Of the 60 patients, the median age was 66 years, 
with a predominance of men (82%). The primary tumor 
was located in the tonsil in 36 patients and the base of 
tongue in 24 patients. Tumor stages ranged from T1N1 to 
T4N2. Primary treatments were induction chemotherapy 
using cisplatin and docetaxel followed by surgery in 70% 
of patients (NECTORS trial, NCT04277858), and chemo-
radiation in 23% of patients. Remaining patients received 
treatments including surgery alone and surgery combined 
with chemoradiation. Patients in treatment for recurrence 
(n = 5) received either surgery or chemoradiation.

All plasma and saliva samples were tested for HPV- 
ctDNA using ddPCR (Figure 1). As expected, all control 

patients with confirmed p16- negative oral tumors (n = 17) 
showed no detectable HPV- ctDNA in either plasma 
or saliva. A high rate of concordance in ctDNA posi-
tivity was found between blood and saliva (93%, 81/87 
matched blood and saliva samples, Cohen's kappa = 0.821, 
Figure 2A,B). Testing both blood and saliva increased the 
sensitivity of the assay in patients who were only positive 
in one analyte, as certain patients with active disease were 
not positive in both blood and saliva, potentially due to 
differences in plasma cfDNA levels as well as capability to 
produce saliva.

3.2 | ctDNA detection in both saliva and 
blood was significantly higher before 
treatment compared to after treatment

ctDNA has been shown to be an important biomarker of 
treatment response in many solid malignancies.20,21 Here, 
we sought to determine whether the presence of ctDNA 
correlated with treatment response. In our HPV+ HNC 
cohort, ctDNA was detectable in 32/35 (91%) patients 
prior to treatment and 4/50 (8.0%) post- treatment (χ2 
p < 0.00001, Figure 3A). When analyzed separately, both 
blood and saliva showed significant differences in ctDNA 
detection between pre- treatment (blood: 31/33 [94%]; sa-
liva: 27/30 [90%]) and post- treatment sampling (blood: 
3/53 [5.7%]; saliva: 4/41 [9.8%]) as shown in Figure 3B and 
Table 2 (χ2 p < 0.00001).

For the 3 p16+ patients who were negative for 
ctDNA prior to treatment, we could not detect 
HPV16/18/31/33/35/45 DNA in the tumor tissue (when 
available) and/or liquid biopsy samples, suggesting that 
they may have been p16 positive without associated HPV 
infection, similar to previous reports.9,10 Because the pa-
tients who showed undetectable pre- treatment ctDNA 
had relatively large tumors, these data would suggest 
that we may have 100% detection of HPV- ctDNA pre- 
treatment in our cohort when accounting for HPV status, 
since a higher disease burden is generally correlated with 
increased ctDNA presence.

3.3 | ctDNA detection was highly 
correlated with treatment response, 
residual disease and recurrence

As ctDNA detection was clearly higher in pre- treatment 
samples, we next sought to determine whether ctDNA 
correlated with treatment response. All 46 patients 
(100%) who tested negative for ctDNA following treat-
ment showed no signs of active disease in follow- up 
scans and examination, with an average post- treatment 

T A B L E  1  Patient characteristics.

HPV+ HNC
HPV− HNC 
(control)

Total patients 60 17

Sex (M/F) 49/11 15/2

Median age (range) 66 (42– 84)

Primary/recurrent 55/5a N/A

Plasma available 55/60 patients 17/17 patients

Saliva available 57/60 patients 14/17 patients

Treatment Chemotherapy and 
surgery: 42 patients

Chemoradiation: 14 
patients

Other: 4 patients

N/A

aOne patient was additionally sampled for later recurrence following 
primary disease.
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follow- up of 818 days (range: 199– 1581). In contrast, 3 
of the 4 patients (75%) who had positive ctDNA post- 
treatment demonstrated signs of residual tumor or re-
currence. These patients remained ctDNA- positive in 
follow up samples, demonstrating a clear relationship 
between treatment response and post- treatment ctDNA. 
Indeed, when comparing results to imaging or pathol-
ogy, the presence of HPV- ctDNA was extremely highly 
associated with disease status (p < 0.0001, Figure 3B– D). 
Taken together, this data demonstrates that both blood 
and saliva are effective tools for monitoring disease 
status, including residual disease and recurrence. The 
assay demonstrated a sensitivity of 93.48%, specificity of 
98.72%.

3.4 | In matched longitudinal samples, 
ctDNA decreased significantly after 
treatment, with positive ctDNA after 
treatment indicating residual disease

Our cohort included 26 patients with matched pre-  and 
post- treatment samples. All 24 patients who were posi-
tive for ctDNA prior to treatment showed significant 
reductions in ctDNA levels post- treatment as compared 
to baseline: 21 with complete loss of detectable ctDNA 
following surgery, and 3 with 84%– 99% reduction 
(Figure 4A,B). All 21 patients with undetectable ctDNA 
levels after treatment had correspondingly no signs of 
residual disease or recurrence on 6 month follow-up 

F I G U R E  1  Patient characteristics and ctDNA results for all patients. Patient characteristics (sex and age) and tumor characteristics 
(new or recurrent, stage and location) are shown. Plasma and saliva ctDNA results is indicated before and after treatment, separated for 
patients with only pre- treatment samples, patients with matched pre- and post- treatment samples, and patients with only post- treatment 
samples. Gray shading indicates not available data. *One patient was sampled for both primary disease and later at recurrence.

F I G U R E  2  ctDNA presence in 
saliva and plasma shows a high degree 
of concordance. (A) Overall concordance 
between plasma and saliva ctDNA results 
across all matched samples. (B) Plasma 
and saliva HPV- ctDNA (copies of HPV/
μL/ng of DNA) levels across all samples.
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imaging. Interestingly, of the two patients with reduced 
but persistent ctDNA levels, both showed residual dis-
ease, suggesting that ctDNA detected remaining tumor 
activity.

In addition to the pre-  and post- treatment samples, we 
examined 14 patients over the course of their treatment. 
5/14 patients (36%) were positive for ctDNA during 
their treatment, either post- neoadjuvant chemotherapy 

or after debulking surgery. Patients with undetectable 
ctDNA after neoadjuvant chemotherapy (n = 9) showed 
relatively small tumors post- chemo (tumor range: 0– 
1.2 cm, average: 0.36 cm, node range: 0- 20 mm, average: 
0.44 cm, Figure 4C,D). Conversely, patients in treatment 
who tested positive for ctDNA (n = 4) demonstrated poor 
responses to chemotherapy or showed residual disease 
after surgery.

F I G U R E  3  ctDNA levels are 
significantly higher before treatment 
and correlate to treatment response. (A) 
ctDNA detection by PCR for HPV16/18/33 
sequences shown for pre-  and post- 
treatment samples, χ2 p < 0.0001. (B) 
ctDNA levels (copies/μL/ng of DNA) 
shown according to treatment stage. 
Levels of HPV- ctDNA (copies/μL/ng of 
cfDNA) categorized by evidence of tumor 
in either pathological analysis or imaging 
for ≥6 months post sample collection for 
(C) plasma and (D) saliva., Mann Whitney 
p < 0.0001 for patients with and without 
radiological evidence of tumors.

T A B L E  2  ctDNA by treatment category.

Positive in blood & 
saliva

Positive in blood or 
saliva Negative

Total 
patients

Pre- treatment patients 24a 32 3 35

Post- treatment patients 4 4 46 50

Control patients (HPV− HNC) 0 0 17 17
aSaliva unavailable for 5 patients, blood unavailable for 2 patients.
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3.5 | cfDNA fragment size was 
significantly affected by treatment, 
suggesting a complementary non- HPV 
biomarker for HNC

While we showed that HPV sequences can be used to 
monitor ctDNA in HNC patients, there is currently no 
method to detect the presence of ctDNA without a tumor 
specific mutation, genomic marker or viral sequence. 
Recent data has suggested that fragmentation patterns of 
cfDNA could be a biomarker for treatment response22 and 
disease progression23 across various tumor types.24 When 
compared to non- cancer specific cfDNA, tumor cfDNA 
has been shown to be shorter in length, likely due in part 
to changes in chromatin compaction and decompaction 
as well as differences in release mechanisms.23 We there-
fore sought to investigate the relationship between cfDNA 
fragment size and treatment in 20/23 matched patients 
for whom we had sufficient DNA. We saw an increase in 
dominant fragment size of plasma cfDNA after comple-
tion of treatment (p = 0.0035, paired t- test, Figure 5), when 

ctDNA levels were significantly lower or undetectable. 
This suggests that the tumor- specific DNA found abun-
dantly in pre- treatment samples may be contributing to a 
shorter overall fragment length, and could be a surrogate 
biomarker in these patients.

4  |  DISCUSSION

HPV- related HNC cases are currently rising at an alarm-
ing rate. While this disease is associated with longer sur-
vival than its HPV- negative counterpart, treatment often 
leaves patients with long- term side effects. Furthermore, 
HPV+ HNC is associated with later recurrence, mak-
ing non- invasive monitoring strategies important both 
for detecting recurrence at the earliest stages, as well as 
improving overall outcomes for patients by preventing 
over- treatment.

Extensive evidence from our group and others has pre-
viously shown that ctDNA from cancer patients is detect-
able in blood as well as in different relevant analytes such 

F I G U R E  4  ctDNA levels decrease 
significantly post treatment. Pre- treatment 
vs post-treatment HPV– ctDNA levels for 
patients for (A) plasma and (B) saliva. 
Statistical comparison for pre-  vs. post- 
treatment ctDNA levels performed using a 
Wilcoxon matched pairs signed rank test 
(****p < 0.0001, **p < 0.01). Patients were 
classified as “in- treatment” if they had 
received neoadjuvant chemotherapy prior 
to surgery or diagnostic positive margin 
surgery which received later revision. 
Levels of ctDNA in (C) plasma and (D) 
saliva in patients post- chemotherapy 
based on staging from pathological 
analysis in surgical tissue.
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as saliva, urine, and cerebrospinal fluid.13,25 While most 
work in this field focuses on identifying tumor specific 
mutations, recent studies have shown that HPV- ctDNA 
can be detected in the blood of patients with HPV- related 
HNC.19,26 Here, we demonstrate the use of liquid biopsy 
from both blood and saliva to monitor treatment response 
and residual disease in primary and recurrent HNC pa-
tients. Our data showed a significant correlation between 
treatment response and ctDNA detection, suggesting 
an opportunity to use ctDNA as a biomarker of treat-
ment efficacy and predictor of recurrence in this patient 
population.

Recently, the use of liquid biopsies to isolate ctDNA 
from cancer patients has given rise to new approaches to 
monitor tumor progression, evolution, response to treat-
ment, and acquisition of resistance.27 ctDNA is short- lived 
in circulation,13 making it a valuable tool for real- time as-
sessment. As cfDNA is thought to be released largely as a 
result of cell death,28 its detection can provide information 
on treatment response during cytotoxic treatment. Recent 
data suggests that early ctDNA release may reflect out-
comes in cancer patients.29– 33

Our first goal was to determine which analytes could 
be used to effectively detect HPV– ctDNA in HNC pa-
tients. We conducted a prospective, longitudinal clin-
ical study in the blood and saliva of 60 HPV+ HNC 

patients. We found high concordance between saliva 
and blood detection of ctDNA (93%). Individually, both 
analytes yielded high sensitivity to detect ctDNA in pa-
tients prior to treatment. Only 3 patients were found to 
have no detectable HPV– ctDNA before treatment, and 
were found to be negative for HPV16/18/31/33/35/45. 
In conjunction with prior evidence9,10 of small subsets 
of tumors that are p16- positive but HPV- negative, this 
implies that the lack of HPV- ctDNA in certain patients 
is related to tumor HPV status as opposed to the sensi-
tivity of the assay. This data suggests that ctDNA detec-
tion in our cohort may be higher if we account for true 
HPV- association.

Subsequently, we aimed to determine whether HPV– 
ctDNA correlates with disease burden, similar to the ef-
fects seen using mutation- based ctDNA tracking.21 HPV 
integration is a major event in the progression of most 
HPV- related tumors, and can occur at multiple sites 
throughout the genome, highlighted in recent work by 
Symer et al.34 The large degree of variability seen between- 
patients but not within- patients in HPV- ctDNA concen-
trations is therefore likely related to differences in tumor 
HPV copy number. Comparison of ctDNA levels using 
PCR may therefore be optimized by using an adapted 
baseline for each patient. Future work to determine the 
number of HPV integration sites underway by our group 

F I G U R E  5  cfDNA fragment size increases post- treatment. (A) Representative bioanalyzer results for plasma samples from 2 patients 
(B) Plasma DNA fragment size for matched pre- and post- treatment samples. Dominant fragment size chosen as fragment length with the 
highest concentration in plasma cfDNA using the Agilent Bioanalyzer 2100. p = 0.0035, paired t- test.
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may also help improve quantification of ctDNA in a con-
sistent way.

Along with our attempts to detect the presence of 
HPV- ctDNA in patients, we aimed to examine ctDNA ki-
netics immediately following surgery. Recent data from 
O'Boyle et al. suggests that HPV- ctDNA is cleared in the 
day following surgical treatment for OPC.35 Indeed, our 
data provides added evidence for the rapid clearance of 
ctDNA with surgery, with patients showing major de-
creases in ctDNA levels in the 30 min following tumor 
resection. Patients showed consistency in sampling 
immediately post- surgery and in the following weeks, 
with negative ctDNA immediately post- surgery being 
associated with lack of recurrence. Interestingly, one 
patient with a large tumor (T3N1) showed a major de-
crease in ctDNA immediately following surgery, but re-
mained positive. This patient was found to be negative 
for HPV- ctDNA 1 month later, implying that ctDNA not 
fully cleared in the first 20 min following tumor excision. 
In our cohort, the lack of ctDNA or decreased levels of 
ctDNA were maintained in follow- up, pointing to a rapid 
clearance of tumor- related DNA. Overall, our results in-
dicate that the levels of ctDNA in patients following sur-
gical management are an important indicator of disease 
status post- surgery.

Our data additionally implies that recurrence and 
residual disease can be seen in ctDNA. This effect is 
visible both immediately after and in the months to 
years following treatment. Patients with positive ctDNA 
after treatment showed evidence of disease, either in 
the form of positive surgical margins or in radiological 
changes indicating recurrence. This data is fitting with 
evidence in other studies showing that ctDNA anal-
ysis can identify minimal residual disease.27 All but 
2 patients who had no signs of recurrence or residual 
disease after treatment were negative for ctDNA. Over 
time, one of these patients showed recurrence that was 
not detected until 18 months after initial sampling. This 
data supports our hypothesis that increased ctDNA 
levels may be useful to detect recurrence earlier than 
current detection approaches. When sampling mid- 
treatment, only patients with incomplete surgical man-
agement or residual tumors post- chemotherapy showed 
positive ctDNA. While it is impossible to definitively 
say whether these findings are an indicator of future re-
currence, as all patients in this category received subse-
quent surgical treatment, previous studies have shown 
that ctDNA levels after treatment are associated with 
recurrence risk.20,27,36,37 Taken together, our data at-
tests that HPV- ctDNA is specifically related to residual 
tumor after treatment.

We also sought to investigate DNA fragmentation as 
a biomarker of disease. Recent data has suggested that 

fragment length is shorter for tumor- specific cfDNA com-
pared to cfDNA derived from normal cells. For this rea-
son, shifts in cfDNA fragment length have the potential 
to highlight tumor burden.22,23 Results from the fragmen-
tation analysis in plasma samples showed significantly 
smaller sizes of cfDNA pre- treatment, which fits with 
literature seen across numerous cancer types.22,38 As 
HPV- ctDNA levels were much higher in pre- treatment 
than post- treatment samples, this suggests that the tumor- 
specific DNA may be more fragmented compared to DNA 
originating from non- cancer cells. Because changes in 
fragment length is not disease- specific, this data points to 
DNA fragment size as a complementary tool to be used 
along with ctDNA testing.

While both analytes (blood and saliva) were effective 
for the detection of HPV- ctDNA, each presents different 
obstacles. In addition to intrinsic differences between the 
analytes, treatment for HPV- positive HNC often includes 
radiotherapy, which severely limits saliva production in 
patients. This effect likely contributed to undetectable 
HPV- ctDNA in certain patients, as an inability to gener-
ate sufficient saliva compromises the sensitivity of the 
assay. Conversely, while plasma displays lower variability 
in overall cfDNA, low plasma cfDNA levels in certain pa-
tients may have contributed to negative results in patients 
positive for salivary ctDNA. Our results indicate that both 
analytes are effective for detection of ctDNA specific to 
the tumor, and that their combined use enhances the sen-
sitivity of the assay.

5  |  CONCLUSION

Our study demonstrates that HPV- ctDNA from both 
plasma and saliva is an effective and highly sensitive 
tool for the detection of both primary and recurrent 
HPV- related head and neck cancer, as well as for the 
detection of residual disease present after a primary 
treatment and to monitor tumor response over time. 
Together, this data provides evidence that longitudinal 
sampling of plasma and saliva from HPV- related head 
and neck cancer patients could be a useful tool for the 
monitoring of disease status and the early detection of 
recurrence.
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