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ABSTRACT

Background. The purpose of this study was to explore the
genomic landscape of head and neck squamous cell carci-
noma (HNSCC) in circulation (circulating tumor DNA [ctDNA])
and tumor (tumor tissue DNA [tDNA]) and understand the
implications of ctDNA sequencing for prognosis and precision
oncology treatments.
Materials and Methods. This is a retrospective review of
75 patients with HNSCC for both tDNA and ctDNA. Results
were analyzed for concordance between tDNA and ctDNA
and for their individual and combined association with
demographics, survival, and presence and extent of disease
at last visit (DLV).
Results. The five most frequently altered genes were TP53,
CDKN2A, TERT, BRCA2, and NOTCH1. Twenty percent of
patients had NOTCH1 alterations in tDNA, with none found
in ctDNA. Concordance among altered genes was 13.0%,
and 65.3% of patients had actionable ctDNA alterations.

ctDNA alterations were significantly associated with
decreased overall survival (OS) and presence and extent of
DLV. In DNA repair genes, alterations in ctDNA alone and
combined with tDNA were significantly associated with
decreased OS and presence of DLV. Similar significant associ-
ations were found in TP53 for ctDNA alone and combined
with tDNA. DNA repair gene alterations in ctDNA and unique
ctDNA alterations within partially concordant genes were
significantly associated with decreased OS in multivariate
analysis.
Conclusion. This study illustrates the circulating and tumor
genomic profile in the largest HNSCC cohort to date, under-
scoring the potential utility of ctDNA in prognostication and
precision oncology treatment. For the first time, the pres-
ence of ctDNA alterations and specific ctDNA sequencing
results were shown to be significantly associated with poor
prognosis in HNSCC. The Oncologist 2021;26:e279–e289

Implications for Practice: The use of precision genomic targeted therapies in head and neck squamous cell carcinoma
(HNSCC) lags behind many other cancers, and poor survival in advanced stages indicates the urgent need for improved
treatment options. This exploratory analysis of circulating tumor DNA (ctDNA) and tumor tissue DNA (tDNA) sequencing in the
largest cohort to date of patients with HNSCC provides a novel depiction of the ctDNA genome, with two thirds of patients
having actionable ctDNA alterations. This study reports for the first time the prognostic value of ctDNA sequencing, with the
presence of ctDNA alterations, specific ctDNA alterations in DNA repair genes and TP53, and unique ctDNA alterations within
partially concordant genes predicting poor survival.
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INTRODUCTION

Next-generation sequencing (NGS) of tumor tissue DNA
(tDNA) emerged a decade ago as the standard of care of
genetic tumor analysis in head and neck squamous cell cancer
(HNSCC) being used to analyze tumor genomics and direct pre-
cision oncology treatment strategies [1–3]. Performing tDNA
sequencing to determine tumor genomics comes with signifi-
cant challenges and limitations. Conventional biopsies of a
dynamic tumor fail to detect tumor heterogeneity, may miss
alterations amenable to precision oncology treatments, and
may be of insufficient quantity to complete sequencing [4].
Furthermore, sequelae of adjuvant radiation therapy also cre-
ate significant difficulty in obtaining tissue evaluable for resid-
ual disease or recurrence.

Performing NGS on circulating tumor DNA (ctDNA) in
blood, often referred to as a “liquid biopsy,” recently
emerged as an alternative source of tumor DNA with the
ability to avoid many of the constraints of tDNA sequencing.
Obtaining a simple blood draw in clinic avoids the delays and
risks associated with repeated biopsies or surgical interven-
tion, detects tumor heterogeneity, and can characterize occult
metastases throughout the body that shed ctDNA into circula-
tion [5]. Finally, studies have shown that levels of ctDNA may
also be used to monitor tumor burden and that ctDNA burden
predicts survival [5, 6].

Exploration of ctDNA sequencing is underway in many
types of cancer to determine its potential prognostic and
therapeutic applications [7–12]. A recent analysis of ctDNA
sequencing in gastrointestinal, brain, breast, lung, and head
and neck tumors found that patients with head and neck
cancer had the highest number of patients with ctDNA
alterations detected (88%) and patients with three or more
ctDNA alterations (48%) [5]. These results speak to the
potential utility of ctDNA sequencing in HNSCC. The only U.S.
Food and Drug Administration (FDA)–approved targeted drug
therapy in HNSCC is the anti-EGFR monoclonal antibody
cetuximab, but there are many off-label precision oncology
therapies and new therapies currently in development
that could benefit from increased knowledge of the tumor
genome.

Whereas the genomic signature of HNSCC tumor tissue
has been characterized through extensive research, the
genomic landscape of ctDNA in HNSCC and its significance in
clinical practice remains to be examined [1–3]. Our primary
aim is to characterize the genomic landscape of ctDNA in
HNSCC and analyze its prognostic significance and potential
contribution to precision oncology treatment strategies alone
and in combination with tDNA sequencing. We also aim to
analyze concordance between tDNA and ctDNA sequencing in
HNSCC.

MATERIALS AND METHODS

This study is a single-institution retrospective review of adult
patients diagnosed with HNSCC and treated at the Wake For-
est Baptist Health Hospital from May 2014 to July 2019. The
Wake Forest School of Medicine Institutional Review Board
granted approval for this study. To be included in this study,
patients with HNSCC must have been tested for both tDNA

and ctDNA. Exclusion criteria included other types of cancer
within the head and neck such as cutaneous squamous cell
carcinoma or salivary gland cancers, incomplete documenta-
tion, diagnosis with another synchronous tumor, and inade-
quate or incomplete sequencing data or quality of tDNA.
From electronic medical records, we collected demo-
graphics, human papillomavirus (HPV) status (defined by
polymerase chain reaction or/and by surrogate p16 marker),
smoking status, alcohol consumption, cancer stage at diagno-
sis by American Joint Committee on Cancer version 8 criteria
(stage I–III vs. stage IVA–C), tumor progression status (disease
free, primary or locoregional tumor, metastatic tumor, and
recurrent or progressive tumor) at key time points (tDNA col-
lection, ctDNA collection, and last visit), and treatment
received before and after collection of tDNA and ctDNA. Out-
come measures collected include overall survival (OS), sur-
vival at 1 or 2 years measured from the date of ctDNA
collection, and extent of disease (tumor) status at last visit
(DLV) as defined above. Patients with follow-up shorter than
6 months from the date of NGS testing were excluded from
the outcome analysis.

NGS of tDNA was performed using the FoundationOne
platform (Foundation Medicine, Cambridge, MA), which is
capable of detecting substitutions, insertion and deletion
alterations (indels), and copy number alterations (CNAs) in
323 genes as well as select gene rearrangements. Sequenc-
ing of ctDNA was performed using the Guardant360 plat-
form (Guardant Health, Redwood City, CA), which assesses
for single nucleotide variants in 73 genes, indels and fusion
alterations, and CNAs in select genes. For all analyses, vari-
ants of unknown significance (VUS) were included, and syn-
onymous alterations were excluded. CNAs were excluded
only from analysis of concordance.

tDNA was isolated from the most recent pathologic speci-
men available either from surgery or core biopsy using the
instructions provided by Foundation Medicine. The portion
of one block with the greatest percentage of tumor nuclei
(>20%) was sectioned, and at least 10 unstained slides were
submitted for this analysis. Blood plasma samples were
drawn and sent to Guardant Health within 24 hours for
ctDNA isolation and sequencing to be performed.

Concordance analysis was performed for genes
sequenced by both FoundationOne and Guardant360 plat-
forms (70 genes). Concordance was calculated per patient at
the gene level, and results were classified in five categories
depending on detection of alterations in ctDNA and tDNA.
Full concordance is defined as detection of matching, identi-
cal alterations in ctDNA and tDNA per gene, per patient. Full
concordance was calculated with two methods: first includ-
ing wild-type genes, in which detecting a wild-type gene in
ctDNA and tDNA would be considered concordant, and sec-
ond in which only altered genes were considered in each
patient with wild-type genes excluded. Partial concordance
is defined as detection of identical alterations in ctDNA and
tDNA and additional alterations in ctDNA and/or tDNA within
a gene. Discordance is defined as detection of different alter-
ations by ctDNA and tDNA in a gene. Concordance may also
be calculated as an overall value per patient, in which the
number of concordant genes is divided by the total number
of altered genes.
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Several sets of genes, including 15 genes with known
clinical relevance and a high alteration rate in our analysis,
were selected for analysis of sensitivity, specificity, positive
predictive value, negative predictive value, diagnostic accu-
racy, and Youden’s J index. Additional analyses of four
highly altered genes involved in DNA repair—APC, ATM,
BRCA1, and BRCA2—were also performed in ctDNA, tDNA,
and together.

Statistical Analysis
Descriptive statistics of means and standard deviations were
presented for continuous variables, as well as counts and
percentages for categorical variables. For comparisons
among categorical variables, we used Fisher’s exact tests
when comparing two binary variables and chi-square tests
when comparing groups with more than two categories. For
comparisons between continuous measures we used correla-
tion analyses. For analyses comparing mean values between
two groups we used two-sample t tests, and when there
were three or more groups we used a general linear model
approach to compare means across groups, followed by post
hoc pairwise comparisons of relevant groups using two-
sample t tests. For comparing survival curves, we generated
Kaplan-Meier curves and compared groups using log-rank
tests. For some survival models, we compared groups after
accounting for a stratification variable such as staging at
diagnosis or HPV and/or p16 testing status. Next, we used
Cox proportional hazards regression models to examine the
relationship of OS to a number of potential risk factors and
predictors in the same model. A stepwise selection approach
was then used to identify the covariates/predictors to
include in the Cox proportional hazards regression model.
The first step considered all potential predictors, and one
variable was entered (or removed) at a time based on its
level of significance in the model (p < .05 for entry or
removal from the model). Age, gender, smoking history, alco-
hol consumption, and stage at diagnosis were included in
the final models independently of statistical significance in
order to ensure that they were accounted for in the multi-
variate model. Hazard ratios and corresponding 95% confi-
dence intervals were estimated from these proportional
hazards regression models. In all analyses we used two-sided
tests with an alpha level of .05 to determine significance.
SAS version 9.4 (SAS Institute, Cary, NC) was used to perform
all analyses.

RESULTS

Seventy-five total patients met criteria for enrollment. Demo-
graphics and disease characteristics are listed in Table 1 and
supplemental online Figure 1. The median time between col-
lection of tDNA and ctDNA was 54 days with a mean of
185 days and a range from 4 to 1,495 days. HPV and p16
testing results were negative for HPV and p16 in 44.0% of
patients, positive for HPV or p16 in 26.7%, and not per-
formed in 29.3%.

Sequencing Results
All patients had tDNA alterations, and all had tDNA alter-
ations detected in genes that were not sequenced in the

Table 1. Demographics and disease characteristics

Characteristic n (%)

Age at ctDNA Collection

Median, range 60 (34–85)

Gender

Male 52 (69.3)

Female 23 (30.7)

Race

White 66 (88.0)

Black 7 (9.3)

Asian 2 (2.7)

Smoking history

Never 18 (24.0)

Former 27 (36.0)

Active 30 (40.0)

Alcohol use

Current 30 (40.0)

Former 18 (24.0)

None 27 (36.0)

HPV and p16 testing

Negative 33 (44.0)

Positive 20 (26.7)

Not tested 22 (29.3)

tDNA tissue source

Primary tumor tissue 50 (66.7)

Metastasis 8 (10.7)

Recurrence 17 (22.7)

Tumor location

Sinonasal 3 (4.0)

Nasopharynx 1 (1.3)

Oropharynx 22 (29.3)

Oral cavity 28 (37.3)

Hypopharynx 7 (9.3)

Larynx 14 (18.7)

Initial tumor stage

Stage I–III 28 (37.3)

Stage IVA–C 47 (62.7)

Tumor progression at key timepoints

tDNA collection

Primary/locoregional 49 (65.3)

Recurrent/progressive 16 (21.3)

Metastatic 10 (13.3)

ctDNA collection

No evidence of disease 12 (16.0)

Primary/locoregional 21 (28.0)

Recurrent/progressive 20 (26.7)

Metastatic 22 (29.3)

Last visit

No evidence of disease 24 (32.0)

Recurrent/progressive 26 (34.7)

Metastatic 25 (33.3)

Abbreviations: ctDNA, circulating tumor DNA; HPV, human papillo-
mavirus; tDNA, tumor tissue DNA.
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ctDNA analysis. ctDNA alterations were detected in 76% of
patients (Figs. 1–3). Genes with similar alteration rates in
tDNA and ctDNA (total ctDNA:tDNA alteration ratio of
0.5–1.5) included TP53; DNA repair genes such as APC, ATM,
BRCA1, and BRCA2; and known drivers of metastasis such as
EGFR, KIT, MET, BRAF, FGFR2, and FGFR3. The top three
genes with the greatest disparity of alteration number
(tDNA alterations minus ctDNA alterations) were NOTCH1
(20), TERT (15), and CDKN2A (11), all of which were among
the top five most altered genes. TP53 was the most altered
gene, with 127 total alterations spread among 73.3% of
patients, yielding an average of 1.67 � 1.48 TP53 alterations
per patient. NOTCH1 was the fourth most altered gene with
20 total alterations found in 20% of patients. All NOTCH1

alterations were found in tDNA and none in ctDNA. In
FBXW7, a member of the NOTCH1 pathway, seven tDNA
alterations and one ctDNA alteration were detected. Other
genes with alterations found only in tDNA include RB1, JAK2,
JAK3, RET, IDH1, VHL, HER2, and PDGFRA.

ctDNA sequencing of the top 15 genes had an overall
sensitivity of 33.8% and specificity of 95.9% when using
tDNA results as the benchmark (supplemental online Fig. 2).
The same analysis of the top five altered genes showed a
sensitivity of 38.2% and specificity of 97.7%.

Alterations in DNA repair genes (APC, ATM, BRCA1,
and/or BRCA2) were present in 38.8% of patients, with a
total of 32 tDNA alterations and 23 ctDNA alterations. DNA
repair gene alterations were present in 25.3% and 25.3% of
patients in tDNA and ctDNA, respectively, in a nonexclusive
manner. The ctDNA results of these four DNA repair genes
had a sensitivity of 19.2% and specificity of 94.9%.

Patients with positive HPV and/or p16 testing had signifi-
cantly fewer total TP53 alterations in tDNA (0.29 vs. 1.0 per
patient, p = .0003), fewer TP53 alterations in ctDNA (0.30
vs. 0.97 per patient, p = .042), and fewer DNA repair gene
alterations in tDNA (0.059 vs. 0.50 per patient, p = .041)
compared with patients with negative HPV and/or p16 test-
ing (supplemental online Fig. 3).

Sequencing Results and Tumor Progression Status at
ctDNA Collection
Advanced tumor progression status at time of ctDNA collec-
tion was associated with presence of ctDNA alterations
(p = .0013), an increased number of ctDNA alterations
(p = .0036), and presence of TP53 alterations in ctDNA
(p = .015) (supplemental online Fig. 3). At time of ctDNA col-
lection, patients with recurrent and metastatic disease had an
average of 2.35 and 2.45 ctDNA alterations, respectively, com-
pared with 0.36 alterations in patients with no evidence of dis-
ease (p = .0036). Eighty-eight percent of patients with
recurrent disease and 86% of patients with metastatic disease
had ctDNA alterations present at time of ctDNA collection
compared with 27% of patients with no evidence of disease
(p = .0013). Finally, at the time of ctDNA collection, only 9.1%
of patients with no evidence of disease had ctDNA alterations
in TP53 compared with 64.7% of patients with recurrent dis-
ease and 63.6% with metastatic disease (p = .015).

Concordance Analysis
Among genes common to both assays, average concordance
per patient was 14.6% � 21.0% among altered genes (Figs. 2
and 3). TP53 was the most concordant gene in our analysis,
with 28.0% of patients concordant, 14.7% partially concordant,
2.3% discordant, 22.7% with only tDNA alterations, and 2.7%
with only ctDNA alterations. Average concordance among the
top 15 representative genes was 18.8% � 28.4%, and 46.7%
of patients had no concordance among these 15 genes. There
was no statistically significant relationship between concor-
dance and ctDNA percent, tDNA variant allele frequency, or
time between tDNA and ctDNA collection.

Actionability of ctDNA Alterations
Overall, 65.3% of patients had actionable alterations
detected in ctDNA, defined as alterations with FDA-approved

Figure 1. Histogram of alterations per gene.
Abbreviations: ctDNA, circulating tumor DNA; tDNA, tumor
tissue DNA.
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therapies, off-label therapies, and/or active clinical trial
options. On the alteration level in a nonexclusive manner,
45.3% of ctDNA alterations had FDA-approved off-label thera-
pies (such as PARP inhibitors for BRCA1 or BRCA2 alterations,
copanlisib or duvelisib for PIK3CA alterations, etc.), 65.0% had
active clinical trial options (opened for multiple tumors
including HNSCC or specifically for HNSCC), and 34.3%

were VUS. On a nonexclusive per-patient basis, 13.3% of
patients had ctDNA alterations detected with FDA-
approved off-label therapies, 62.7% had ctDNA alterations
with clinical trial treatment options, and 33.3% of patients
did not have altered ctDNA targets for treatment or clinical
trial options, including 10.7% of patients who had only VUS
alterations.

Figure 2. Concordance and alteration analysis with diagnostic accuracy of eight genes. “All Genes” includes 323 genes sequenced in
tDNA using the FoundationOne Platform; “Shared Genes” includes 70 common genes sequenced in both tDNA and ctDNA. Genes
selected for diagnostic accuracy analysis were the top five altered genes (TP53, CDKN2A, TERT, NOTCH1, BRCA2) and four DNA
repair genes (APC, ATM, BRCA1, BRCA2). The Materials and Methods section defines concordance, and supplemental online
Figure 2 shows analysis of the top 15 genes. Figure formatting adapted from Chae et al. [10].
Abbreviations: ctDNA, circulating tumor DNA; PPV, positive predictive value; n/a, non-applicable; NPV, negative predictive value;
tDNA, tumor tissue DNA.
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Clinical Outcomes
Eight patients were excluded from analysis of outcomes
because of ctDNA sampling less than 6 months before the
time of this analysis. For the 67 remaining patients, median
OS was 13 months, and median follow-up was 8 months. At
last visit, 32.0% of patients had no evidence of disease,
34.7% had recurrent or progressive disease, and 33.3% had
metastatic disease (Table 1). Positive HPV and/or p16 test-
ing of tumor tissue neared association with increased OS
(p = .073; hazard ratio [HR], 0.3) and achieved association
with increased OS at 1 year after ctDNA sampling (p = .010;
Table 2). Increased tDNA tumor mutational burden was
associated with decreased OS at 2 years after ctDNA sam-
pling (p = .0015). NOTCH1 alterations were not associated
with prognosis. No other demographic variables associated
significantly with survival or with genomic alterations.

Prognostic Value of the Presence of ctDNA
Alterations
ctDNA alterations were detected in 73.1% of patients included
in the outcome analysis. Presence of ctDNA alterations was
associated with decreased OS (p = .042; HR, 3.5) and both the
presence (p = .030) and extent (p = .039) of DLV (Table 2;
Fig. 4). At 2 years after ctDNA collection, 57.1% of patients
without alterations and 10.7% of patients with alterations
were still living (p = .018). Of patients with metastatic disease
at last visit, 91.7% had ctDNA alterations, and 8.3% did not
(p = .039). When stratified by tumor staging at diagnosis,
presence of ctDNA alterations remained associated with OS
(p = .043; HR, 3.5) (supplemental online Fig. 4).

Prognostic Value of Concordance
Analyses of the impact of full concordance per patient
yielded no results near or achieving significance as a prog-
nosticator (Table 2). Partially concordant alterations were
present in 14.9% of patients in the outcome analysis
(n = 10). Percentage of partially concordant genes achieved
significance when analyzed as a continuous variable
(p = .0012; HR, 1.054). Presence of unique ctDNA alterations
within partially concordant genes (n = 8) was markedly asso-
ciated with decreased OS in univariate analysis (p = .041; HR,
2.6) and stepwise multivariate analysis when controlled for
age, gender, smoking history, alcohol history, and stage at
diagnosis (p = .0019; HR, 6.4; Table 2; Fig. 4).

Prognostic Value of Alterations in DNA Repair Genes
Presence of DNA repair gene alterations (APC, ATM, BRCA1,
and/or BRCA2) in ctDNA was markedly associated with
decreased OS in univariate analysis (p = .0044; HR, 3.0),
when stratified by tumor staging at diagnosis (p = .0040; HR,
3.0) or by HPV and/or p16 status (p = .0246), and in

(Figure legend continues on next column.)

(Figure legend continued from previous column.)
Figure 3. Oncoprint of concordance for 15 representative
genes. Four patients with no alterations in the top 15 genes
were excluded from this figure. Figure formatting adapted from
Chae et al. [10].
Abbreviations: ctDNA, circulating tumor DNA; tDNA, tumor
tissue DNA.
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multivariate analysis when controlled for age, gender,
smoking history, alcohol history, and stage at diagnosis
(p = .0054; HR, 4.1) (Table 2; Fig. 4; supplemental online
Fig. 4). Presence of DNA repair gene alterations in ctDNA
was also associated with decreased OS at 1 year after ctDNA
sampling (p = .049), and presence (p = .027) and extent
(p = .043) of DLV (Table 2). Presence of DNA repair alter-
ations in tDNA was not associated with prognosis. Presence
of DNA repair genes alterations in ctDNA and/or tDNA was
associated with decreased OS (p = .0055; HR, 3.0), maintained
association when stratified for tumor stage at diagnosis
(p = .0048; HR, 3.0) or HPV and/or p16 status (p = .028; HR,
3.4), and was associated with presence of DLV (p = .025). At
last visit, evidence of disease was present in 88.5% of
patients with and 61.0% of patients without DNA repair
alterations (p = .025).

Prognostic Value of TP53 Alterations in tDNA and
ctDNA
TP53 alterations were detected in tDNA in 74.6% and ctDNA
in 50.7% of patients included in the outcome analysis. All
patients with TP53 alterations had TP53 alterations in tDNA.

Presence of TP53 alterations in ctDNA trended toward asso-
ciation with decreased OS (p = .051; HR, 2.2) and was signif-
icantly associated with OS at 1 year (p = .042) and presence
(p = .0029) and extent (p = .014) of DLV (Table 2; Fig. 4).
Presence of TP53 alterations in tDNA was associated with
decreased OS (p = .031; HR, 3.7) and decreased OS at 1 year
(p = .0018). Number of total TP53 alterations was also asso-
ciated with decreased OS (p = .020; HR, 1.4), decreased OS
at 1 year (p = .0053), and presence of DLV (p = .049). Con-
cordance of TP53 was not associated with prognosis. When
stratified by tumor staging at diagnosis, presence of tDNA
alterations in TP53 and presence of either tDNA or ctDNA
alterations in TP53 maintained significant association with
OS (supplemental online Fig. 4).

DISCUSSION

This study is a single-institution retrospective analysis exam-
ining the genomic landscape of HNSCC in ctDNA in a dedi-
cated cohort of patients with HNSCC with both tDNA and
ctDNA sequencing results. To our knowledge, this study is
the first to determine the concordance, evaluate the

Figure 4. Analyses of overall survival. Kaplan-Meier analyses of overall survival for presence versus absence of variables. (A): ctDNA
alterations (p = .030). (B): ctDNA alterations in DNA repair genes (APC, ATM, BRCA1, BRCA2) (p = .0028). (C): Unique ctDNA alterations
within partially concordant genes (p = .034). (D): ctDNA TP53 alterations (p = .045). The Materials and Methods section defines partial
concordance.
Abbreviations: ctDNA, circulating tumor DNA; tDNA, tumor tissue DNA.
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prognostic significance, and explore the therapeutic implica-
tions of ctDNA sequencing alone and in combination with
tDNA sequencing in HNSCC.

Our patient population is validated by several results con-
sistent with literature. The presence and number of TP53
alterations were associated with decreased OS, positive HPV
or p16 results were associated with increased OS, and
decreased TP53 and DNA repair gene alterations and the top
five most altered genes in our analysis were TP53, CDKN2A,
TERT, BRCA2, and NOTCH1 [1, 13–16]. Our findings in HNSCC
of ctDNA alterations in 76% of patients and three or more
ctDNA alterations in 44% of patients are also similar to a
recent study of 28 patients with head and neck cancer that
found 88% and 48%, respectively [5]. Furthermore, advanced
tumor status at the time of ctDNA collection (recurrent
tumor or presence of metastasis) was associated with pres-
ence of ctDNA alterations, increased number of ctDNA alter-
ations, and presence of TP53 alterations in ctDNA. Although
expected, these results were not previously published in
HNSCC studies [5].

The comparison of ctDNA sequencing to tDNA sequence
is imperfect but has been performed in many cancers to
validate the advent of ctDNA sequencing against the cur-
rent standard of tDNA sequencing. Recent studies in breast,
urothelial, lung, and solid cancers have analyzed ctDNA
sequencing on the Guardant360 platform against tDNA
sequencing on the FoundationOne platform to determine
concordance [7–11]. In our analysis of HNSCC, we are the
first to report a concordance of 13.0% when considering
only altered genes, which bears similarity to results of
15.1% in breast cancer, 16.4% in urothelial cancer, and
17.1% in a study of lung and other solid tumors [8–11].

This low level of concordance across many cancers is
likely multifactorial and due in part to the limitations and
sensitivities of the two platforms. The analysis of concor-
dance is restricted to the 70 genes sequenced by both plat-
forms based upon precedent from past literature [7–11].
tDNA sequencing through FoundationOne performs com-
plete exon sequencing in these genes, but Guardant360
performs critical exon sequencing in 36 of these genes and
complete exon sequencing in the remaining genes [17, 18].
Therefore, within the noncritical exons of 34 of the 70 over-
lapping genes, there may be alterations in both tDNA and
ctDNA that can be detected in tDNA sequencing but not
ctDNA sequencing.

Furthermore, there is a significant difference in the sensi-
tivities of the two platforms. Each is highly specific, but an
allelic fraction of 0.05%–0.20% in ctDNA corresponds with
Guardant360 sensitivities of 64%, 68%, and 83% for single
nucleotide variants, indels, and fusions, respectively [18].
Sensitivity increases dramatically to >95% for an allelic frac-
tion >0.20%, but abundance of DNA released by non-
malignant cells into a large volume of blood plasma may
dilute the fraction of altered alleles to below the threshold
of detection for Guardant360 [18]. FoundationOne sequenc-
ing of tDNA quotes a higher allelic fraction of 2.0% for its
limit of detection, but the fact that tDNA is isolated directly
from tumor tissue with much less dilution likely makes it eas-
ier to achieve this threshold [10, 17]. These assertions are
supported by our results that ctDNA was 33.8% sensitive

among the top 15 genes and that the average number of
alterations per patient among the 70 overlapping genes was
greater in tDNA (4.35) than ctDNA (2.78) (Fig. 2).

In our analysis, timing between DNA sampling was not
significantly associated with concordance but may still con-
tribute to a lack of concordance because additional alter-
ations may have accumulated in ctDNA during the mean of
185 days between tDNA and ctDNA sampling. Finally, sam-
pling bias in tDNA isolation may contribute as well. tDNA
was isolated from tumor sections with the largest visible
tumor burden and highest grade in order to determine the
greatest number of alterations, but sequencing tDNA from
a single portion of a dynamic tumor likely fails to capture
tumor heterogeneity [5]. Alternatively, all portions of a
tumor have the potential to release DNA for ctDNA detec-
tion [5].

Our ctDNA sequencing results have several intriguing
findings not yet demonstrated in literature. NOTCH1 is the
third most altered gene in HNSCC, with tDNA alterations
seen in 15%–19% of patients and a hypothesized role as a
tumor suppressor [2]. In our analysis, NOTCH1 was the
fourth most altered gene with alterations in 20% of patients,
but all alterations were in tDNA. Previous studies demon-
strated a NOTCH1 alteration rate of 5.8% and 23.0% in the
ctDNA of various solid cancers, but a lack of NOTCH1 ctDNA
alterations in HNSCC has not yet been reported [19, 20]. Fur-
ther analysis of these patients found no difference in sur-
vival, staging, disease state, smoking, or HPV status, which
indicates a lack of prognostic benefit to the detection of
NOTCH1 alterations in HNSCC. It could be hypothesized that
the lack of NOTCH1 alterations detected in the ctDNA of our
patients with HNSCC is due to a lower level of altered
genetic DNA released by the malignant squamous cells of
the head and neck tumors, but further studies are needed to
confirm our finding and investigate the possible mechanism.

Genes with alterations found only in tDNA, such as RB1,
JAK2, JAK3, RET, IDH1, VHL, HER2, and PDGFRA, may not
benefit from ctDNA sequencing. Alternatively, a number of
genes, including TP53, EGFR, KIT, BRAF, FGFR2, and FGFR3,
showed similar numbers of alterations in tDNA and ctDNA,
and several genes, such as ARID1A, ATM, and MET, showed
more alterations in ctDNA than in tDNA. Many of these
genes have targetable alterations; therefore, ctDNA sequenc-
ing of these genes in HNSCC may be of significant utility in
precision oncology treatment strategies.

This study is the first to analyze the prognostic utility of
ctDNA sequencing in HNSCC. We found that decreased OS
and extent of DLV were independently associated with the
presence of ctDNA alterations and ctDNA TP53 alterations.
We specifically examined DNA repair genes as potential tar-
getable alterations for PARP inhibitors, which are currently
in clinical trials for HNSCC, and found similar alteration
rates of APC, ATM, BRCA1, and BRCA2 in tDNA and ctDNA.
The presence of DNA repair alterations in ctDNA had the
second strongest association with decreased OS in our anal-
ysis after controlling for age, gender, smoking history, alco-
hol history, and stage at diagnosis and was also associated
with the extent of DLV. These results support the use of
ctDNA testing of DNA repair genes for prognostic and thera-
peutic purposes in HNSCC. Our retrospective study lacked
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the opportunity to evaluate diagnostic and prognostic value
of a longitudinal monitoring of ctDNA. In the field of colo-
rectal cancer, for example, emerging literature has demon-
strated that ctDNA can act as a real-time monitor of the
disease because of the short half-life of ctDNA and can be
further used as a prognostic biomarker for metastatic colo-
rectal cancer [21].

Statistical power restricted the analysis of outcomes on
a per-gene basis to the most highly altered genes such as
TP53. Presence of TP53 alterations in ctDNA was associated
with OS and had the strongest association of all variables
with the presence and extent of DLV. Analyses of CDKN2A,
TERT, and NOTCH1 showed no prognostic utility. Although
these results are not unexpected, they have not yet been
presented in HNSCC.

A partially concordant gene is defined as having at least
one identical alteration in ctDNA and tDNA (e.g., TP53 H178
frameshift) and additional unique alterations in ctDNA
and/or tDNA (e.g., TP53 H214R and Y236C in ctDNA). The
presence of partially concordant genes (n = 10) was insignifi-
cant, but patients with unique ctDNA alterations within par-
tially concordant genes (n = 8, seven of which were partially
concordant for TP53) showed decreased OS in multivariate
analysis after controlling for age, gender, smoking history,
alcohol history, and stage at diagnosis. This result demon-
strates the prognostic utility of performing ctDNA sequencing
after tDNA sequencing, because ctDNA was sampled on aver-
age 185 days after tDNA sampling in these patients. We
hypothesize that the development of unique ctDNA alter-
ations within a partially concordant gene between the time
of tDNA and ctDNA sampling may be a distinct marker of dis-
ease progression that contributes to decreased OS.

A recent analysis found that 76% of patients with head
and neck cancer had actionable ctDNA alterations, which is
greater than in gastrointestinal, brain, lung, or breast cancer
and similar to our finding of 65% in HNSCC [5]. In a non-
exclusive manner, 13% of our patients had ctDNA alter-
ations with available off-label targeted therapies, and 63%
had ctDNA alterations with clinical trial options. Despite the
wealth of targetable alterations, use of precision oncology
treatments is limited in HNSCC. Application of off-label
targeted therapy guided by genomic results is increasing,
with more clinical trials underway in patients with HNSCC,
underscoring the need to determine actionable alterations.
ctDNA sequencing is poised as a promising method to over-
come this restriction that needs investigation. Fifty-three
percent of patients had genes with ctDNA alterations that
were wild type in tDNA, indicating an additive therapeutic
utility of ctDNA sequencing to the current standard of tDNA
sequencing. Accordingly, our analysis provides strong evi-
dence that ctDNA sequencing increases the chance to iden-
tify targets for precision medicine treatments in HNSCC.

A number of limitations are present in our analysis. The
evaluation of concordance between platforms is an imper-
fect analysis because of a difference in the detection thresh-
old for ctDNA and tDNA sequencing, the potential impact of
tumor heterogeneity on the sensitivity of tDNA sequencing,
and the effect of tumor burden upon the sensitivity of ctDNA
sequencing. In the context of a heterogenous population

with regard to initial tumor staging, various timing between
ctDNA and tDNA collection, tumor progression status at the
time of tissue collection, and treatments received, the mod-
est size of our cohort limits our power to draw conclusions
about genes that are not heavily altered and compare across
disease stages. Additional limitations include the single-
institution nature of this analysis, the lack of long-term longi-
tudinal follow-up, and the retrospective nature of this study,
which predisposes it to several types of bias. Nevertheless,
the finding of genomic alterations being predictive of survival
in the context of such a heterogenous population of patients
with HNSCC raises the possibility that DNA alterations
detected in blood and tumor could potentially circumvent
canonical predictors of response such as tumor staging.

CONCLUSION

This exploratory analysis of the largest cohort to date of
patients with HNSCC with ctDNA and tDNA sequencing pro-
vides a novel depiction of the ctDNA genome in HNSCC. We
demonstrated the prognostic impact of ctDNA sequencing
results with and without prior tDNA sequencing and pro-
vided indication for the utility of ctDNA sequencing in
advancing precision medicine in HNSCC. For the first time,
presence of ctDNA alterations, ctDNA alterations in TP53 and
DNA repair genes, and unique ctDNA alterations within par-
tially concordant genes were shown to be significantly asso-
ciated with poor prognosis in HNSCC. We expect our results
to provide an impetus for future research to fully validate
this new tool in the setting of HNSCC.
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