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Introduction 

Despite therapeutic advances in locoregionally advanced head and neck squamous 
cell carcinoma (LA-HNSCC), there are patient subsets who remain at risk for disease 
relapse and death from their malignancies. For instance, the five-year overall survival 
(OS) of patients with stage III human papillomavirus (HPV)-positive oropharyn-
geal cancer, classified by the 8th edition of the American Joint Committee on 
Cancer/Union for International Cancer Control (AJCC/UICC) criteria, is about 55– 
60% [1]; whereas the three-year OS for HPV-negative oropharyngeal cancer is about 
46% [2]. Patients with LA-HNSCC who develop clinical or radiological disease 
progression or relapse have limited curative options if salvage treatments are not 
possible. Although the immuno-oncology era has led to long-term survival in a small 
proportion of patients with recurrent or metastatic HNSCC [3], this only constitutes 
an incremental advancement in the field. In recent years, emerging technology has 
enabled the detection of microscopic quantities of nucleic acids (i.e. DNA, RNA), 
proteins, metabolites and other molecules secreted or shed by tumor cells into the 
blood stream. Such techniques, collectively referred to as “liquid biopsy”, have 
garnered increasing attention due to their potential to detect the presence of cancer 
and associated molecular changes at a microscopic level [4].
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Liquid Biopsy and Molecular Residual Disease 

There are multiple clinical applications of liquid biopsy to measure circulating tumor 
DNA (ctDNA) in body fluids, most frequently in plasma. These applications include 
the early detection of cancer before it becomes macroscopically visible; the assess-
ment of molecular residual disease (MRD) after definitive treatment; the monitoring 
of response to treatment; and the evaluation of emerging resistance mechanisms. In 
all of these applications, the overarching hypothesis is that molecular detection of 
ctDNA precedes the clinical event (i.e. the development of cancer, clinical relapse, 
antitumor response, disease progression and resistance development, respectively). In 
this chapter, the focus will be on MRD, which describes the state post-definitive treat-
ment such as surgery or (chemo)radiotherapy for LA-HNSCC in which conventional 
investigations such as physical examination and radiological imaging are unable to 
diagnose the presence of cancer, but residual disease is detectable by the presence of 
cancer-derived molecular biomarkers, using highly sensitive and specific assays [4]. 

Assays for MRD Detection 

The detection of MRD can be performed using different types of ctDNA assays. 
Mutation-based assays rely on the detection of cell-free DNA (cfDNA) molecules 
that bear genomic alterations, suggesting that their source is likely from cancer 
cells rather than normal cells. Bespoke (i.e. personalized), mutation-based, tumor-
informed assays rely on whole genome or exome sequencing of tumor tissue from 
which a limited number of somatic variants is selected based on proprietary algo-
rithms to create patient-specific panels. These personalized panels are then used 
to track such variants in plasma samples of patients to assess quantitative changes 
in variant allele frequencies (VAF) or in number of mutant molecules per milliliter. 
There are also fixed gene panels that are not derived from next generation sequencing 
(NGS) of patients’ tumor tissue, which propose to have faster turnaround time but 
harbor the risk of missing relevant aberrations which may thus lower their sensitivity 
and specificity [5]. In addition to mutation-based ctDNA assays, other cell-free DNA 
analyses may be utilized to monitor for MRD, such as viral sequences in the case 
of HPV-positive oropharyngeal cancer. Tumor-tissue modified viral DNA (TTMV) 
using a validated digital droplet PCR-based assay, can distinguish tumor-derived 
viral DNA from non-cancer associated sources of HPV DNA [6]. Methylated cfDNA 
analysis is another emerging method that does not rely on the detection of specific 
somatic mutations, but is based on the identification of unique DNA methylation 
patterns in different tumor types, which are also distinct from those found in normal 
tissues [7]. Table 18.1 summarizes the different assays that have evaluated MRD in 
HNSCC and their advantages and disadvantages.
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Table 18.1 Circulating tumor DNA assays applied in the molecular residual disease setting in head 
and neck squamous cell cancer 

Analysis Assay Pros Cons Evidence 

HPV DNA Quantitative 
PCR 

Low cost and easy 
logistics 
High sensitivity in 
saliva 

Low sensitivity in 
plasma 
Only for a specific 
serotype (HPV 
DNA 16) 

Ahn et al. [8] 

Tumor tissue 
modified viral 
(TTMV) HPV 
DNA (digital 
PCR) 

Tumor specific 
HPV-DNA 
High specificity 
High sensitivity 
Able to detect 
different strains 

Not able to detect 
<1 copy per mL 
HPV DNA 
Only gives 
quantitative 
information about 
HPV DNA 

Chera et al. [10], 
Berger et al. [11] 

HPV sequencing 
(HPV-seq) 

Highly sensitive 
(limit of detection 
<1 copy) 
Provides qualitative 
information 
(discriminates 
serotype, maps 
location along the 
HPV genome and 
provides fragment 
length) 

High cost 
Further validation 
in oropharyngeal 
cancer is needed 

Leung et al. [14] 

Mutation 
ctDNA 

Bespoke 
informed ctDNA 

Personalized assay 
for each patient 
Highly sensitivity 
and specificity 
Validated in other 
tumor types 

Requires tumor 
availability for 
sequencing 
High cost 
Long turnaround 
time for the first 
sample 

Flach et al. [21], 
Flach et al. [22] 

Tumor naïve 
fixed gene panels 

No need for tumor 
sample (naïve) 
Short turnaround 
time 

Less evidence 
currently available 
to confirm clinical 
utility 
No consistent data 
in follow 
up/surveillance 

Burgener et al. 
[23], 
Chikuie et al. 
[24] 

Methylated 
cfDNA 

cfMeDIP-seq Low amount of 
cfDNA (<10 ng) 
needed 
Do not rely on 
tumor availability 
Presence of 
mutations in tumor 
not needed 

Not validated in 
large cohorts 
Complex 
bioinformatic 
process 

Burgener et al. 
[23]
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Evaluation of MRD in HNSCC 

HPV DNA 

The evaluation of MRD using HPV DNA in patients with HPV-positive oropharyn-
geal carcinoma has taken the lead in HNSCC, in the context of malignancies driven 
by this virus. Different assays have been tested to detect and track viral HPV DNA 
in plasma and saliva. Quantitative PCR (qPCR) for HPV serotype 16 was initially 
assessed in a retrospective cohort of 93 patients with locally advanced oropharyngeal 
carcinoma [8]. The presence of HPV DNA in saliva was predictive of recurrence and 
survival. However, HPV DNA detection in plasma during follow-up was not a predic-
tive biomarker by itself. The combination of the presence of HPV DNA in both plasma 
and saliva was 90.7% specific and 69.5% sensitive in predicting recurrence within 
3 years. The most contemporary validated assay for HPV DNA detection in HPV-
positive HNSCC is TTMV. Sensitivity and specificity of this assay in plasma are 89% 
and 97% respectively; these values are significantly higher than previously reported 
qPCR assays [9]. This assay evaluates amplicons within the E6 and E7 genes for HPV 
strain 16 and E7 gene for strains 18, 31, and 33 using digital droplet PCR. Therefore, it 
is able to detect different viral genotypes. Moreover, it is considered to be a measure-
ment of tumor specific HPV DNA as there is a high correlation between tumor and 
plasma HPV DNA as previously mentioned. This assay has prospectively been vali-
dated as a biomarker of MRD in a study comprising 115 patients with stage I-III 
p16-positive oropharyngeal carcinoma treated with definitive (chemo)radiotherapy 
[10]. Plasma samples were collected at different time points during follow-up starting 
at 6 months after the end of definitive therapy. The majority of patients (75%) did 
not demonstrate detectable ctDNA during follow-up and all these patients were free 
of recurrence after a median follow-up duration of 23 months (negative predictive 
value (NPV) = 100%). On the other hand, two consecutive positive detections of 
HPV DNA had a positive predictive value (PPV) of 94% for locoregional or distant 
recurrence. A transitory spike in HPV DNA was seen in some patients (less than 10% 
of patients) but those with spontaneous clearance in the next time point were also free 
of recurrence. Median lead time between HPV DNA detection and biopsy proven 
recurrence was 3.9 months (0.37–12.9). Therefore, it may be useful in the MRD 
setting to anticipate clinical progression. This assay has further been validated in a 
retrospective multicenter cohort of 1076 patients with non-metastatic HPV-driven 
oropharyngeal cancer treated with any definitive treatment [11]. HPV DNA was 
detected during surveillance in 80 patients (7.4%), 21 of them have active disease 
present concurrently at the sample collection time point. Among the remaining 59 
patients, 55 patients (93%) were proven later to have recurrent disease. In contrast, 
only around 5% of patients with no detection of HPV DNA in the follow-up period 
showed recurrence any time later. Overall, in this cohort the PPV and NPV of a single 
TTMV test performed 3 months or later after the end of definitive treatment was 95% 
for both parameters, similar to the previous study. NRG-HN002 study, which evalu-
ated a cisplatin-sparing approach in low risk p16-positive oropharyngeal cancer, has
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reported recently correlative study results of its HPV DNA analysis. TTMV detec-
tion between 2 weeks to 1 month after definitive (chemo)radiation treatment showed 
a NPV of 95% for 2-year locoregional failure (LRF) and 93.3% for progression-free 
survival (PFS). When clearance (>95% reduction from baseline) was considered, 
NPV was 94.3 and 92.7% for 2-year LRF and PFS, respectively [12]. All these 
results support the potential value of HPV DNA in follow-up of MRD, opening the 
door to incorporate this biomarker into the surveillance strategy of HPV-positive 
oropharyngeal tumors. 

Other assays to detect HPV DNA using an NGS approach are under evaluation in 
the MRD setting, one such assay involves viral genome hybrid-capture sequencing 
[13]. This is the case of HPV sequencing (HPV-seq) that can provide both quantitative 
and qualitative information regarding the sequenced cfDNA fragments. This assay 
has been validated in a study involving preclinical models and plasma samples from 
patients with cervical and oropharynx cancers driven by HPV [14]. The lower limit 
of detection (LLoD) has been established as less than 1 copy per milliliter enabling 
the detection of HPV DNA in low burden disease such as MRD. A very high corre-
lation between HPV-seq and digital PCR (gold standard) was seen in patients with 
detectable HPV DNA. Moreover, some patients with undetectable HPV DNA using 
digital PCR were found to have detectable viral genome using HPV-seq, due to the 
lower LLoD of the latter assay. In this study, detection of HPV DNA using HPV-seq 
at the end of chemoradiation in patients with cervical cancer was associated with 
shorter PFS. This assay showed a sensitivity of 100% and a specificity of 67% for 
disease recurrence in cervical cancer. Further validation is being carried out during 
follow-up in patients with oropharyngeal carcinoma. 

Mutation-Based ctDNA 

Mutation-based ctDNA has been widely used in solid tumors from fixed gene panels 
to personalized (or bespoke) assays. In the MRD setting, bespoke mutation-based 
ctDNA has emerged as one of the most promising tools in different tumor types such 
as colorectal [15, 16], breast [17, 18], lung [19] and bladder cancers [20]. There are 
some recent encouraging findings suggesting that this approach may also be appli-
cable in HNSCC. The LIONESS study evaluated MRD using a bespoke ctDNA assay 
in p16-negative HNSCC patients who received curative intent surgery [21]. Plasma 
samples were collected at different time points before and after surgery, adjuvant 
therapy (if applicable) and during follow-up. MRD in LIONESS was analyzed using 
the RaDar™ assay which uses multiplexed PCR and targeted NGS to track a median 
of 48 variants in plasma. These variants are identified in the tumor tissue by whole 
exome sequencing and are prioritized using an algorithm to build a patient-specific 
panel. Presence of one variant in plasma was considered as positive for ctDNA detec-
tion. Bespoke ctDNA was detected in all 17 patients at baseline. In post-surgery 
samples, ctDNA could be detected at levels as low as 0.0006% VAF. All patients
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with clinical recurrence were positive for ctDNA during follow-up and before clin-
ical progression with a lead time ranging from 108 to 253 days. An updated analysis 
with 46 patients presented recently confirmed the potential role of this assay for 
MRD. All 11 patients who recurred had ctDNA detected in plasma during follow-up 
[22]. However, there were 5 patients with detectable ctDNA and no recurrence up to 
the latest follow-up which reduces the specificity of the assay. Median lead time in 
this updated cohort between ctDNA detection and recurrence was 122 days (ranging 
from 1 to 260 days) with a median follow-up duration of 307 days. All the patients 
included in the LIONESS study were surgically treated patients. Therefore, the role 
of MRD detection in HNSCC patients treated with definitive (chemo)radiation is 
still unknown. PRE-MERIDIAN study (NCT04599309), conducted at the Princess 
Margaret Cancer Centre, will hopefully shed more light on the use of bespoke ctDNA 
and other assays in patients with high risk locally advanced HNSCC treated with this 
modality. 

One of the limitations of bespoke ctDNA is tumor tissue availability to perform 
whole genome or exome sequencing. This could potentially limit the application 
of these assays in the MRD setting, especially in those patients without surgical 
specimen availability (i.e. those undergoing definitive radiation ± chemotherapy). 
While core tumor biopsies may be used, their tumor DNA quantities may limit 
success for genomic sequencing. One of the potential alternatives for mutation-based 
targeted ctDNA analysis is the Cancer Personalized Profiling by deep sequencing 
(CAPP-seq). This assay has been evaluated in 30 patients with LA-HNSCC who were 
treated with surgery [23]. It was performed using a panel designed to maximize the 
number of HNSCC-associated mutations, with ctDNA detected in 20 patients (66%) 
at baseline. However, CAPP-seq was not done in the follow-up samples so the impact 
of its detection during surveillance and its association with disease recurrence have 
not yet been studied. A recent study has evaluated a fixed 71-gene panel in 20 patients 
with LA-HNSCC. This study includes not only surgical patients but also patients who 
have been treated with definitive chemoradiation [24]. Clearance of ctDNA after 
treatment was observed in 10 patients, all of them were free of recurrence during 
follow-up. Similarly, detection of ctDNA post-definitive treatment was associated 
with shorter relapse free survival (RFS). Indeed, detection of ctDNA was observed 
in 5 of the 7 recurrent cases (71%). However, in only two of these patients, ctDNA 
preceded radiological progression thus limiting the application of results from this 
study in the MRD setting as most patients showed clinical progression at the time of 
ctDNA detection. 

Methylated cfDNA 

Methylated cfDNA analyzes epigenomic changes in cfDNA. Notably, it could poten-
tially be applicable to more patients as it does not depend on HPV status, tissue 
availability or presence of mutations compared to the abovementioned strategies. 
However, methylated cfDNA has been challenging to be analyzed in plasma using
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standard approaches. Cell-free methylated DNA immunoprecipitation and high-
throughput sequencing (cfMeDIP-seq) is a bisulfite-free approach to track aberrant 
methylation in cfDNA and has been validated in different tumor types [7]. Methy-
lated cfDNA analysis was performed in the same aforementioned cohort of patients 
with LA-HNSCC who were analyzed with CAPP-seq [23]. Methylated cfDNA was 
further refined by restriction of cfDNA by fragment size (100–150 bp), which is the 
usual size range of tumor derived cfDNA. A high correlation between both assays 
(CAPP-seq and cfMeDIP-seq) was observed in the baseline samples. Interestingly, 
follow-up samples in that study were also analyzed using cfMeDIP-seq. Patients 
without clearance of methylated cfDNA during radiation or post-treatment were 
more likely to show disease recurrence compared to those with a complete or partial 
(>90%) clearance. Indeed, all patients with increase in methylated cfDNA compared 
to baseline had disease recurrence or death at the time of the analysis. In contrast, 69% 
of those patients with no detection of methylated cfDNA by cfMeDIP-seq remained 
free of recurrence with a median follow-up of 44 months. However, among those 
with no detection of methylated cfDNA, there were 4 patients with persistent or 
recurrent disease. Further validation in larger cohorts and prospective studies (such 
as in the PRE-MERIDIAN study) are also ongoing with this assay. 

MRD Clinical Trials Design 

There are no prospective clinical trials focusing on cancer interception in the MRD 
setting of LA-HNSCC. As such, it seems reasonable to draw reference from reports 
in other malignancies whereby therapeutic intervention in MRD has led to improved 
clinical outcome. In the IMvigor010 phase III study (NCT02450331), 809 patients 
with high-risk, resectable, muscle invasive urothelial carcinoma were randomized to 
the anti-Programmed Death-Ligand 1 (anti-PD-L1) antibody atezolizumab versus 
observation. Based on the intention-to-treat analysis in unselected patients, the 
study did not meet its primary endpoint of improved disease-free survival (DFS) 
in the atezolizumab group compared to the observation group, nor in the secondary 
endpoint of OS [25]. However, in a follow-up report which focused on 581 patients 
from IMvigor010 who were ctDNA evaluable using the Signatera assay (a bespoke 
ctDNA assay), atezolizumab was found to improve DFS and OS compared to obser-
vation in those with detectable ctDNA post-surgery. No difference in these two 
clinical endpoints were observed in patients whose post-operative ctDNA levels 
were undetectable [26]. This biomarker-based evaluation suggests that ctDNA anal-
ysis is able to identify a molecularly high-risk group post-surgery who may benefit 
from additional therapeutic intervention to improve clinical outcome. The recently 
published DYNAMIC study in stage II colon cancer randomized patients in a 2 to 
1 ratio to a prospective ctDNA-guided approach (Safe-Sequencing System tumor-
informed ctDNA assays) versus treating physician decision based on standard clinico-
pathological features to determine the administration of adjuvant chemotherapy [16]. 
The primary efficacy endpoint of RFS at 2 years using a ctDNA-guided strategy was
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noninferior to standard management. This de-escalation approach proved to spare 
some patients from the toxicity of adjuvant chemotherapy without compromising 
RFS. Both IMvigor010 and DYNAMIC studies provide evidence that ctDNA results 
in the MRD setting are informative to guide treatment escalation in patients who 
are at high risk for clinical relapse, or treatment de-escalation in those who are at 
low risk for disease recurrence. Treatment escalation strategies may be considered 
in the MRD setting of LA-HNSCC post-curative therapy (e.g., surgery followed by 
post-operative [chemo]radiotherapy, or upfront definitive [chemo]radiotherapy), to 
compare additional investigational treatment versus standard observation in patients 
with detectable ctDNA. At the Princess Margaret Cancer Centre, such a study 
(MERIDIAN, NCT05414032) is about to be launched using the RaDaR™ assay 
to determine MRD in patients with high-risk HPV-positive and HPV-negative LA-
HNSCC; patients who have MRD will be randomized to receive a novel immunother-
apeutic agent versus observation. The primary endpoint of MERIDIAN is to assess 
the clearance of bespoke ctDNA at different time points (week 2 and week 10) after 
the end of MRD interception, which will be correlated with longer term clinical 
outcomes such as DFS and OS. Various ways to ascertain MRD status and follow-up 
of ctDNA kinetics will be applied using bespoke DNA, HPV DNA and methylated 
DNA assays. 

Conclusions 

Advances in ctDNA technology have led to the definition of MRD as a disease status 
not previously identifiable in solid tumors, since microscopic circulating quantities of 
nucleic acids such as DNA shed by tumor cells cannot be readily detected by conven-
tional investigations such as radiological imaging. Various ctDNA assays currently 
exist in different stages of clinical development, such as TTMV to measure viral 
genomes in the case of HPV-positive malignancies, bespoke and other mutation-
based assays to track variants in plasma, and methylated assays to evaluated differ-
ential methylated cfDNA patterns in HNSCC compared to normal states. These have 
been applied in retrospective and prospective studies and some assays have demon-
strated clinical utility in predicting clinical outcome. Clinical trials in the MRD 
setting are beginning to accumulate evidence in multiple cancers. Such studies are 
being actively designed to investigate the impact of cancer interception of MRD in 
LA-HNSCC.



18 Targeting Molecular Residual Disease Using Novel Technologies … 313

References 

1. O’Sullivan B, Huang SH, Su J, Garden AS, Sturgis EM, Dahlstrom K, et al. Development 
and validation of a staging system for HPV-related oropharyngeal cancer by the International 
Collaboration on Oropharyngeal cancer Network for Staging (ICON-S): a multicentre cohort 
study. Lancet Oncol. 2016;17(4):440–51. 

2. Pilar A, Yu E, Su J, O’Sullivan B, Bartlett E, Waldron JN, et al. Prognostic value of clinical 
and radiologic extranodal extension and their role in the 8th edition TNM cN classification for 
HPV-negative oropharyngeal carcinoma. Oral Oncol. 2021;114:105167. 

3. Burtness B, Harrington KJ, Greil R, Soulieres D, Tahara M, de Castro G, Jr., et al. 
Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent 
or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): a randomised, 
open-label, phase 3 study. Lancet. 2019;394(10212):1915–28. 

4. Cescon DW, Bratman SV, Chan SM, Siu LL. Circulating tumor DNA and liquid biopsy in 
oncology. Nat Cancer. 2020;1(3):276–90. 

5. Sanz-Garcia E, Zhao E, Bratman SV, Siu LL. Monitoring and adapting cancer treatment using 
circulating tumor DNA kinetics: Current research, opportunities, and challenges. Sci Adv. 
2022;8(4):eabi8618. 

6. Rettig EM, Faden DL, Sandhu S, Wong K, Faquin WC, Warinner C, et al. Detection of circu-
lating tumor human papillomavirus DNA before diagnosis of HPV-positive head and neck 
cancer. Int J Cancer. 2022. 

7. Shen SY, Singhania R, Fehringer G, Chakravarthy A, Roehrl MHA, Chadwick D, et al. Sensi-
tive tumour detection and classification using plasma cell-free DNA methylomes. Nature. 
2018;563(7732):579–83. 

8. Ahn SM, Chan JY, Zhang Z, Wang H, Khan Z, Bishop JA, et al. Saliva and plasma quantitative 
polymerase chain reaction-based detection and surveillance of human papillomavirus-related 
head and neck cancer. JAMA Otolaryngol Head Neck Surg. 2014;140(9):846–54. 

9. Chera BS, Kumar S, Beaty BT, Marron D, Jefferys S, Green R, et al. Rapid clearance profile of 
plasma circulating tumor HPV Type 16 DNA during chemoradiotherapy correlates with disease 
control in hpv-associated oropharyngeal cancer. Clin Cancer Res. 2019;25(15):4682–90. 

10. Chera BS, Kumar S, Shen C, Amdur R, Dagan R, Green R, et al. Plasma circulating tumor 
HPV DNA for the surveillance of cancer recurrence in HPV-associated oropharyngeal cancer. 
J Clin Oncol. 2020;38(10):1050–8. 

11. Berger BM, Hanna GJ, Posner MR, Genden EM, Lautersztain J, Naber SP, et al. Detection 
of occult recurrence using circulating tumor tissue modified viral HPV DNA among patients 
treated for HPV-driven oropharyngeal carcinoma. Clin Cancer Res. 2022. 

12. Yom SS, Torres-Saavedra PA, Kuperwasser C, Kumar S, Gupta PB, Ha P, et al. Association of 
plasma tumor tissue modified viral HPV DNA (TTMV) with tumor burden, treatment type, and 
outcome: a translational analysis from NRG-HN002. J Clin Oncol. 2022;40(16_suppl):6006. 

13. Lam WKJ, Jiang P, Chan KCA, Cheng SH, Zhang H, Peng W, et al. Sequencing-based 
counting and size profiling of plasma Epstein-Barr virus DNA enhance population screening 
of nasopharyngeal carcinoma. Proc Natl Acad Sci USA. 2018;115(22):E5115–24. 

14. Leung E, Han K, Zou J, Zhao Z, Zheng Y, Wang TT, et al. HPV sequencing facilitates 
ultrasensitive detection of HPV circulating tumor DNA. Clin Cancer Res. 2021. 

15. Reinert T, Henriksen TV, Christensen E, Sharma S, Salari R, Sethi H, et al. Analysis of plasma 
cell-free DNA by ultradeep sequencing in patients with stages I to III colorectal cancer. JAMA 
Oncol. 2019;5(8):1124–31. 

16. Tie J, Cohen JD, Lahouel K, Lo SN, Wang Y, Kosmider S, et al. Circulating tumor DNA analysis 
guiding adjuvant therapy in stage II colon cancer. N Engl J Med. 2022;386(24):2261–72. 

17. Coombes RC, Page K, Salari R, Hastings RK, Armstrong A, Ahmed S, et al. Personalized 
detection of circulating tumor DNA antedates breast cancer metastatic recurrence. Clin Cancer 
Res. 2019;25(14):4255–63.



314 E. Sanz-Garcia and L. L. Siu

18. Lipsyc-Sharf M, de Bruin EC, Santos K, McEwen R, Stetson D, Patel A, et al. Circulating 
tumor DNA and late recurrence in high-risk hormone receptor-positive, human epidermal 
growth factor receptor 2-negative breast cancer. J Clin Oncol. 2022:JCO2200908. 

19. Gale D, Heider K, Ruiz-Valdepenas A, Hackinger S, Perry M, Marsico G, et al. Residual ctDNA 
after treatment predicts early relapse in patients with early-stage non-small cell lung cancer. 
Ann Oncol. 2022;33(5):500–10. 

20. Christensen E, Birkenkamp-Demtroder K, Sethi H, Shchegrova S, Salari R, Nordentoft I, 
et al. Early detection of metastatic relapse and monitoring of therapeutic efficacy by ultra-
deep sequencing of plasma cell-free DNA in patients with urothelial bladder carcinoma. J Clin 
Oncol. 2019;37(18):1547–57. 

21. Flach S, Howarth K, Hackinger S, Pipinikas C, Ellis P, McLay K, et al. Liquid Biopsy for 
Minimal residual disease detection in head and neck squamous cell carcinoma (LIONESS)-a 
personalised circulating tumour DNA analysis in head and neck squamous cell carcinoma. Br 
J Cancer. 2022;126(8):1186–95. 

22. Flach S, Howarth K, Hackinger S, Pipinikas C, Ellis P, McLay K, et al. Liquid Biopsy for 
Minimal residual disease detection in head and neck squamous cell carcinoma (LIONESS): 
a personalized cell-free tumor DNA analysis for patients with HNSCC. J Clin Oncol. 
2022;40(16_suppl):6017. 

23. Burgener JM, Zou J, Zhao Z, Zheng Y, Shen SY, Huang SH, et al. Tumor-Naïve multimodal 
profiling of circulating tumor DNA in head and neck squamous cell carcinoma. Clin Cancer 
Res. 2021;27(15):4230–44. 

24. Chikuie N, Urabe Y, Ueda T, Hamamoto T, Taruya T, Kono T, et al. Utility of plasma circu-
lating tumor DNA and tumor DNA profiles in head and neck squamous cell carcinoma. Sci 
Rep. 2022;12(1):9316. 

25. Bellmunt J, Hussain M, Gschwend JE, Albers P, Oudard S, Castellano D, et al. Adjuvant 
atezolizumab versus observation in muscle-invasive urothelial carcinoma (IMvigor010): a 
multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2021;22(4):525–37. 

26. Powles T, Assaf ZJ, Davarpanah N, Banchereau R, Szabados BE, Yuen KC, et al. ctDNA 
guiding adjuvant immunotherapy in urothelial carcinoma. Nature. 2021;595(7867):432–7. 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

http://creativecommons.org/licenses/by/4.0/

	18 Targeting Molecular Residual Disease Using Novel Technologies and Clinical Trials Design in Head and Neck Squamous Cell Cancer
	Introduction
	Liquid Biopsy and Molecular Residual Disease
	Assays for MRD Detection
	Evaluation of MRD in HNSCC
	HPV DNA
	Mutation-Based ctDNA
	Methylated cfDNA

	MRD Clinical Trials Design
	Conclusions
	References


