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The Role of Liquid Biopsies for Monitoring
Disease Evolution
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Introduction

Tissue biopsies have been used by clinicians to diagnose and manage disease for
more than 1000 years [1]. The first report on the use of needles for puncturing a
thyroid gland cancer came from a court physician to the Andalusian caliph Al-Hakim
II [1]. From then until the modern era of precision oncology, tissue biopsies have
remained the most widely used tool not only for cancer detection and staging but
also for molecular tumor profiling to guide targeted therapy for the individual patient.
However, tumor biopsies generally involve invasive medical procedures that can be
difficult and risky, especially in cancer patients with advanced disease. Moreover,
even if a fresh tumor biopsy can be safely taken, the material for the molecular
analysis might be limited as a relevant amount of the tissue is reserved for routine
pathology. Due to the restrictions of solid tissue sampling, it is often necessary to
resort for molecular profiling to archival tumor samples that were collected long
time prior to the planned molecular analysis, typically at the time of initial biopsy or
surgical resection. Changes in the mutational pattern and/or subclonal spectrum of
tumors occurring during disease progression can decrease the diagnostic accuracy of
the molecular test in this situation. The invasive nature of solid tissue collection
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Table 4.1 Cell-free tumor DNA versus solid tissue biopsies: pros and cons

Consideration Cell-free tumor DNA Solid tissue
Sampling + Non or minimally invasive |— | Invasive, more challenging to obtain
+ + Serial monitoring easy — | Serial testing more difficult
Biology - No direct correlation with |+ | Can correlate with histology and
tumor histology or cellular cellular phenotype
phenotype possible
+ Allows global view on — | Represents one small tumor region
intratumoral heterogeneity
Pre-analytical |+ Easy to standardize across |+ | Uses existing, validated tissue
centers processing and handling approaches
- Need for specific blood

stabilization tubes

- Confounding patient-related
factors poorly characterized
(clonal hematopoiesis)

Clinical utility | — Limited evidence for + | Substantial evidence for treatment
treatment selection and selection in multiple entities for early
screening and advanced cancers

makes it also very difficult to accomplish serial sampling under treatment, which
would be required for the analysis of clonal evolution and acquired drug resistance.

The above-mentioned hurdles can be overcome by liquid biopsies which can
harvest cancer-related biomarkers from blood, saliva or urine. Advantages and
disadvantages of liquid and solid biopsies are summarized in Table 4.1. Liquid
biopsies represent a non- or minimally invasive, inexpensive source for tumor
material, including circulating tumor cells (CTCs) and tumor-derived cellular
components like extracellular vesicles, miRNA, protein, and cell-free (cf) circu-
lating tumor (ct) DNA. Liquid biopsies allow ‘real time’ assessment of the tumor
status, thereby providing a global view on spatial and temporal intratumoral het-
erogeneity both in primary and metastatic disease. Liquid biopsies have success-
fully been used for selection of molecular treatment [2] as well as in-depth
analysis of the molecular changes associated with acquired drug resistance [3].
While serial tissue biopsies for monitoring depth and duration of treatment
responses are rarely possible, liquid biopsies can be applied for this purpose,
allowing detection of tumor progression up to several months before clinical
relapse [4]. High sensitivity at stages of very low tumor burden would also give
the chance to use liquid biopsies for early cancer screening. In fact, laboratories
around the world are currently competing by developing cancer screening tests
based on a simple blood sample.

In this article, I will summarize current evidence of the diagnostic value of liquid
biopsies for disease monitoring in HNSCC, with special emphasis on the potential
clinical value in cancer screening, post-treatment surveillance, molecular profiling
for molecularly guided treatment selection, monitoring of treatment efficacy and the
analysis of acquired drug resistance.
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Liquid Biopsies for Cancer Screening and Disease Monitoring

The concept of using a blood test for cancer screening is not new. Blood tests for
prostate specific antigen (PSA) or cancer antigen 125 (CA-125) have been broadly
used for early detection of prostate or ovarian cancer. However, these previous
methods can be extremely nonspecific and result in high rates of false positive tests.
A blood test for large-scale population screening would require high specificity,
clinically useful sensitivity, and highly accurate identification of the tissue of origin,
in order to limit costs and the complexity of evaluating asymptomatic patients. A
fundamental question for recent DNA-based approaches is whether small tumors
would release sufficient amounts of tumor DNA into the circulation to allow sensi-
tive detection of the cancer-associated changes.

Early Detection of Virally Associated HNSCC Based
on Plasma DNA

First evidence for a potential application of analysis of circulating tumor-related
DNA for screening for HNSCC came from Epstein-Barr virus (EBV)-associated
undifferentiated nasopharyngeal cancer. Earlier observations of short EBV DNA
fragments in blood samples from nasopharyngeal carcinoma patients [5], which
were released by carcinoma cells and not associated with viral particles [6], had
suggested that plasma EBV DNA might represent a useful biomarker for identifying
early-stage nasopharyngeal carcinoma among asymptomatic individuals. This
hypothesis was successfully tested in a large Asian screening study enrolling more
than 20,000 participants [7]. The investigators could confirm that detection of viral
DNA in plasma by real-time polymerase-chain reaction (PCR) can identify indi-
viduals with early-stage disease with sensitivity and negative predictive values of
97% and 99.995%, respectively. Circulating viral DNA in human papilloma virus
(HPV)-driven oropharyngeal carcinoma has emerged as further promising bio-
marker for screening and disease monitoring in HNSCC because approximately
90% of patients have detectable plasma HPV DNA at the time of diagnosis [8, 9]. It
was also shown that kinetics analysis of HPV DNA can be used to predict the likeli-
hood of disease control after definitive chemoradiation [10]. In the latter study, hav-
ing high baseline copy number (>200 copies/mL) and >95% clearance of HPV
DNA by day 28 of chemoradiation was established as a favorable clearance profile
associated with improved outcome [10]. Future clinical trials are certainly neces-
sary to explore whether earlier detection of cancer relapse also improves post-
recurrence survival outcomes. If so, then integration of HPV DNA-based monitoring
might support the current worldwide efforts of developing de-escalated treatment
strategies for HPV-positive oropharyngeal carcinoma patients.
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Cell-free DNA Analysis in Non-virally Related HNSCC

In non-virally related HNSCC, most attempts of developing a non-invasive test for
screening and disease monitoring have failed so far. The large interpatient heteroge-
neity observed in genomic profiles from these tumors and the absence of recurrent
hotspot driver alterations have hampered the development of a broadly applicable
screening tool based on a single biomarker. Point mutations in the tumor suppressor
gene TP53 represent the most frequent genetic alteration in HNSCC [11], suggest-
ing that 7P53 mutant variants might represent a promising biomarker for screening
and disease monitoring in HPV-negative carcinomas. In line with this assumption,
previous molecular studies have identified the presence of mutant 7P53 variants in
histologically clear surgical margins as potential marker of residual disease identi-
fying patients at high risk of tumor recurrence [12, 13]. Detection of tumor specific
TP53 mutations in plasma cfDNA from HNSCC patients using digital droplet PCR
was shown to be technically feasible, providing further support for the use of 7P53
alterations as diagnostic biomarker in post-treatment surveillance of HNSCC
patients [14]. However, the use of cfDNA-based approaches interrogating single-
nucleotide variants that focus on key gene alterations such as 7P53 might be less
useful for blood-based cancer screening, as this approach may be hampered by con-
founding signals from clonal hematopoiesis associated with blood-specific muta-
tions in cancer-associated genes like 7P53 [15]. Similarly, approaches based on
detecting copy number alterations e.g. in genes at the chromosome 11q13 locus
displaying amplifications in approximately one third of HPV-negative HNSCC
patients [11] may be limited by smaller relative differences between cases and con-
trols, resulting in a need for increased sequencing depth as well as technical varia-
tion restricting the signal-to-noise ratio [16].

DNA Methylation Analysis for Cancer Screening

Recently, the Circulating Cell-free Genome Atlas (CCGA) consortium [17] has
launched a large prospective, observational, longitudinal, case-control study for dis-
covery, training, and validation of a multi-cancer screening test. Based on bisulfite
sequencing of plasma cfDNA and using machine learning algorithms, a classifier
was developed and validated for cancer detection and tissue of origin localization
[17]. Recently, very promising results were reported from a pre-specified CCGA
sub-study including 6689 participants with previously untreated cancer (n = 2482)
or without cancer (n = 4207) [18]. cfDNA sequencing of informative methylation
patterns detected a broad range of cancer types at metastatic and non-metastatic
stages with specificity and sensitivity performance approaching the goal for
population-level screening [18]. Although good sensitivity (i.e. >85% over all
stages) at a fixed test specificity of >99.8% was observed in the subset of HNSCC
cases, results have to be interpreted cautiously due to low HNSCC patient numbers
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both in the training (n = 65) and validation set (n = 18) of this study [18]. Interestingly,
the investigators found that incorrect tissue of origin identification by the methyla-
tion classifier often occurred among HPV-driven cancers (e.g. cervix, anus, head
and neck cancers), suggesting that test accuracy might be further improved by lever-
aging this information.

Cell-Free Circulating Tumor DNA for Mutation Profiling

A mutational load ranking in the upper third of all tumor entities [19] and large
interpatient genetic heterogeneity [11] are key features of HNSCC. Signs of high
genetic instability are primarily detected in cases with a history of heavy smoking
and alcohol consumption, most likely resulting from the extensive DNA damage
that has been caused by tobacco carcinogen exposure for years. Exacerbating the
complexity of the genetic landscape in HNSCC, intratumoral heterogeneity in terms
of spatial and temporal differences in the mutational patterns of key driver genes
can occur [20-22]. First evidence of ctDNA being a suitable source for studying the
mutational landscape of tumors was provided by the landmark study of Bettegowda
and colleagues in which 640 patients with various cancers were included [23]. The
investigators were able to demonstrate that mutant DNA fragments can be found at
relatively high concentrations in the blood circulation of most patients with meta-
static cancer and at lower but detectable concentrations in a substantial fraction of
patients with localized disease [23]. In the small subgroup of HNSCC patients
(n = 12) included in this study, mutant ctDNA was detected in 70% of cases [23].
One of the largest subsequent studies so far including 25,578 blood specimens from
21,807 patients with over 50 different cancer types confirmed that mutations in
genes associated with cancer can be identified in circulating plasma DNA in the vast
majority of patients with advanced cancer [24]. Schwaederle et al. examined the
frequency of genetic mutations of ctDNA in 670 cancer patients, of whom 25 had
HNSCC, and reported that HNSCC harbors the highest frequency of ctDNA muta-
tions in plasma when compared to lung, gastrointestinal, brain, and breast can-
cers [25].

The preliminary results from the small HNSCC cohorts included in these
histology-agnostic studies were corroborated by a study specifically focusing on
HNSCC patients (n = 93) in whom mutations (mainly affecting 7P53 in HPV-
negative and PIK3CA in HPV-positive cases) were detected in 81% and 85% of
plasma and saliva samples, respectively [26]. Recently, Galot and coworkers spe-
cifically explored the relevance of plasma ctDNA to characterize the mutational
landscape in recurrent/metastatic HNSCC [27]. Using a panel of 604 cancer-related
genes they reported mutant variant detection in 20/39 patients (51%). In line with
the above mentioned studies across different histologies, a significantly higher
probability for ctDNA detection was observed in patients with metastatic disease
compared to patients with only locoregional recurrence (70% vs. 30%) [27]. This
finding suggests a potential limitation of panel NGS-based ctDNA analysis in R/M
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HNSCC given that around one third of recurrent HNSCC patients will have locore-
gional relapse without distant metastases. However, the lower detection rate of
mutant variants in locoregional recurrence in the study of Galot et al. could also
have technical rather than biological reasons. Indeed, by applying the more sensi-
tive digital droplet PCR the detection rates could be significantly increased [27].

Concordance Between Liquid and Solid Tissue-Based
Mutational Analysis

In the large observational study of Zill et al. the commercially available Guardant360
assay (GuardantHealth Inc., Redwood City, CA) covering approximately 70 action-
able tumor mutations was used [24]. It was shown that ctDNA mutation patterns
were highly consistent with the distribution reported for tumor tissue in the publicly
available The Cancer Genome Atlas (TCGA), with correlations ranging from 0.90
to 0.99 [24]. Comparative analysis using matched archival tissue in a subset of 386
patients confirmed the overall high concordance in sequencing results of liquid and
solid tumor biopsies [24]. Of note, test accuracy of ctDNA sequencing increased to
98% when blood and tumor tissue were collected less than 6 months apart. In con-
trast to these promising results, a remarkably poor overall concordance between
molecular profiles established from liquid and solid tumor biopsies was reported by
Galot and colleagues in R/M HNSCC [27]. Considering the 18 patients from whom
blood and tissue samples were available, only 19% of the mutant variants (40/209)
identified in solid tumors were also detected in plasma. A similar observation was
made in a small study of HNSCC cases (n = 36) harboring mutations in either 7P53,
NOTCHI, CDKN2A, CASPS or PTEN in tumor tissue, of which only 28% could be
detected in plasma cfDNA [28].

Currently used NGS panels for ctDNA analysis range from small panels of 20
genes to large comprehensive panels of up to several hundred genes. It is very likely
that the above-described differences in variant detection between tumor tissue
sequencing and cfDNA sequencing depend on the used NGS technology and plat-
form. Most targeted NGS panels originally developed for tissue sequencing have an
average sequencing depth of 500x. This coverage has shown to be sufficient to give
consistent results in the detection of single nucleotide variants (SNVs) and small
insertion/deletions (indels) in tumor tissues [29]. Given the low allele fractions of
mutant variants (median: 0.41%) in plasma samples in the majority of cancer
patients [24], a higher sequencing depth will be required for sensitive mutation
detection in plasma cfDNA. Since coverage is usually inversely proportional to the
number of genes to be sequenced, an increase in sensitivity of ctDNA-based muta-
tional profiling might thus be realized by using small sets of genes harboring known
actionable alterations rather than comprehensive panels of several hundred genes.
Indeed, ultra-high sequencing depths (i.e. 50,000—100,000x coverage) combined
with a molecular barcoding strategy and in silico elimination of highly stereotypical
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background artifacts were shown to significantly improve recovery of ctDNA mol-
ecules, allowing detection of mutant variants down to allele frequencies of 0.004%
[30-32]. This high sensitivity however comes at the price of significantly higher
costs per single analysis, raising concerns about affordability in clinical routine,
especially if serial liquid biopsy analyses might become part of the routine follow-
up scheme for cancer patients.

ctDNA Versus CTCs: Which Is the Better Source
Jfor Mutation Analysis?

To our knowledge, a comparative analysis of whether ctDNA or CTCs might repre-
sent the better source for genomic molecular profiling of HNSCC tumors, at situa-
tions when tumor tissue collection is not feasible, is missing until now. First evidence
from lung cancer suggested superiority of CTC-over plasma ctDNA-based analysis,
since EGFR activating mutation were detected in CTCs from 11 of 12 patients
(92%) but only in matched plasma ctDNA from 4 of 12 patients (33%) (P = 0.009)
[33]. In contrast, mutation detection at comparable frequencies was reported for
CTC-derived genomic material and paired plasma ctDNA from studies in breast
[34] and colon cancer [35]. In a relevant number of cases though, CTCs exhibited a
mutation that was not detected in ctDNA, and vice versa [35]. Mutation detection in
CTCs and plasma-ctDNA might thus provide complementary information suggest-
ing the use of an integrated liquid biopsy approach [34, 35].

Liquid Biopsies for Treatment Selection and the Analysis
of Resistance Mechanisms

Perhaps most importantly, evidence is accumulating that liquid biopsies can be used
to predict drug response and drug resistance in patients initiating a targeted therapy,
pointing to their potential in precision medicine. Of clinical relevance, taking into
account FDA-approved agents and eligibility for clinical trials, the ctDNA assay
used in the study of Schwaederle et al. identified a possible treatment option for
approximately one half of all patients [25]. Furthermore, nearly 1 in 4 ctDNA
alteration-positive patients (23%) across 6 cancer indications in the study of Zill
et al. [24] had one or more alterations previously suggested to confer resistance to
an FDA-approved on-label therapy, which would also inform clinical
decision-making.

Studies in HNSCC specifically evaluating the value of ctDNA for personalized
treatment selection are lacking so far. The largest genetic landscape analysis of
ctDNA was performed within the framework of the randomized multicenter phase
II trial BERIL-1 in which the efficacy of buparlisib (BKM120), an oral pan-PI3K
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inhibitor plus paclitaxel or placebo plus paclitaxel was evaluated in patients with
R/M HNSCC progressing on/after one previous platinum-based chemotherapy regi-
men for R/M disease [36]. In the accompanying biomarker study, ctDNA mutation
profiles could be established in 112/158 patients (71%) using targeted NGS [37].
The percentage of actionable alterations detected in liquid biopsies and the overall
concordance with tumor tissue were not directly reported by the investigators.
However, as derivable from the presented overview of the most frequent gene altera-
tions in ctDNA at screening [37], alterations in genes of the PI3K/AKT/mTOR
pathway (PIK3CA, PIK3CG, PIK3C2G, PIK3RI, PIK3R4, PIK3R5, AKT3, PTEN,
RICTOR, RPTOR, TSC1, TSC2, MTOR) were found in 29/112 patients (26%). This
suggest that ctDNA mutation profiling could indeed be used to select patients with
gene alterations druggable by inhibitors in clinical development for HNSCC. Per
BERIL-1 protocol, the PI3K activation status was defined as the presence of a
PIK3CA mutation and/or a loss of PTEN expression [37]. Statistical analyses did
not suggest a difference in OS between the buparlisib and placebo arms in the PI3K-
activated subgroup, however, the low number of patients in this subgroup (n = 18)
weakened the statistical power to evaluate a possible relationship between genotype
and clinical outcome [37].

Braig et al. were the first group to study processes of clonal tumor evolution
occurring in HNSCC tumors under pressure of molecular therapy. Patients receiving
cetuximab/platinum/5-fluorouracil treatment for R/M HNSCC were included in this
prospective biomarker study. Targeted NGS was used for detection of mutations in
four genes (EGFR, KRAS, NRAS and HRAS) in diagnostic tumor tissue as well as
blood samples taken under and after completion of combination therapy/mainte-
nance [38]. Mutations in the four genes were not detected in tumor tissue of
cetuximab-naive patients, except for HRAS mutations in 4.3% of patients.
Interestingly, 46% of patients with on-treatment disease progression showed acquired
RAS mutations in ctDNA, while no RAS mutations were found in the non-progressive
subset of patients, indicating that acquisition of RAS mutant clones correlated signifi-
cantly with clinical resistance [38]. Of note, the emergence of mutations preceded
clinical progression in half of the patients, with a maximum time from mutation
detection to clinical progression of 16 weeks [38]. These findings corroborate previ-
ous results from colon cancer where KRAS mutations were identified as frequent
drivers of acquired resistance to cetuximab, and could be detected in blood of cetux-
imab-treated patients as early as 10 months before radiographic progression [39].

Circulating Tumor Cells for Prognosis of Outcome in HNSCC

Evidence of a potential role of CTCs in disease progression of HNSCC has been
provided by numerous independent studies over the last 30 years. A review of these
studies would be beyond the scope of this article. I would therefore like to refer the
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reader to two recent reviews on this topic [40, 41]. In our own study in locally
advanced HNSCC patients treated with surgery and adjuvant chemoradiation [42],
a significant negative association between the persistence of CTCs after surgery and
outcome was observed. The use of different cut-offs for definition of CTC-positive
blood samples and the inclusion of heterogeneously treated patient cohorts in the
majority of previous studies at least call for caution with regard to a definite conclu-
sion on the prognostic value of CTCs.

The availability of robust, easy-to-handle CTC detection devices such as the
CellSearch® platform has opened the door for the integration of CTC analysis into
clinical routine. However, the mere enumeration of CTCs has proven insufficiently
informative to prompt widespread clinical adoption. There is accumulating evi-
dence that more extended phenotyping of CTCs might be necessary for improving
their diagnostic value. Identification of the true metastasis-inducing subclones
within the bulk CTC population remains a challenge but is imperative in order to
improve the diagnostic potential of CTCs. Genome-wide single-cell RNA-seq and
DNA-seq performed in CTCs have already provided crucial new insights into CTC
heterogeneity and mechanisms of therapeutic resistance in other cancer types [43,
44], but such analyses still have to be done in HNSCC. These analyses combined
with multiparametric CTC phenotyping by imaging flow cytometry or automated
immunofluorescence microscopy setups [41] will certainly increase our understand-
ing on the relevant biological mechanisms endowing CTCs with the potential to
emigrate from the primary site to blood circulation, to survive their journey and to
re-seed at distant organs, thereby supporting the development of CTCs as liquid
biomarker in HNSCC.

Conclusions

Liquid biopsies have been successfully used to guide treatment decisions in patients
with lung cancer harboring EGFR and ALK mutations. This review summarized the
current evidence from the literature pointing to a clinical potential in HNSCC as
well (Table 4.2). Prospective randomized clinical studies are needed to firmly estab-
lish the usefulness of liquid biopsy for detecting molecular markers in clinical prac-
tice, by demonstrating that treatment decisions based on liquid biopsies result in
better outcome. In addition, the persistence of CTCs after surgery should be studied
further to determine whether they indicate the need for adjuvant therapy regardless
of the tumor size or nodal status. Currently, one of the most promising use of liquid
biopsies is in the detection of cancer progression and development of drug resis-
tance. Liquid biopsies may help in elucidating the molecular resistance mechanisms
in cetuximab-containing regimens. However, prospective evidence on the useful-
ness of liquid biopsies in the assessment of drug responses to achieve the best ben-
efit for HNSCC patients is still needed.
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Table 4.2 Promising clinical applications for liquid biopsies in HNSCC: Evidence from the

literature
Tumor
Aim Biomarker Technique localisation References
Early detection cfDNA methylation | Targeted bisulfite All sites [17, 18]
pattern sequencing
EBV DNA Quantitative NPC [7]
real-time PCR
HPV DNA Droplet PCR HPV+ OPC [8]
Posttreatment HPV DNA Droplet PCR HPV+ OPC [9, 10]
surveillance TP53 mutations Targeted NGS HPV- [14]
HNSCC
CTCs Imaging flow All sites [40-42]
cytometry, gPCR
Molecular treatment | Actionable Targeted NGS All sites [24, 27,
selection alterations 36]
Response monitoring | HRAS, KRAS, NRAS | Targeted NGS R/M HNSCC | [38]
mutations

¢fDNA cell-free deoxynucleic acid, CTCs circulating tumor cells, EBV Epstein—Barr virus, HNSCC
head neck squamous cell carcinoma, APV human papillomavirus, NGS next-generation sequenc-
ing, NPC nasopharyngeal carcinomas, PCR polymerase chain reaction, R/M recurrent/metastatis
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