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Simple Summary: Human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma
(OPSCC) is a distinct tumor entity with relatively favorable overall survival. Nevertheless, up to
25% of HPV-related OPSCC patients develop recurrent or metastatic disease with a fatal outcomes.
Biomarkers to enable early diagnosis and to monitor this disease are not established. Liquid biopsy
presents a promising minimally invasive method to monitor the cell-free DNA of oncogenic HPV
and to enable personalized therapy concepts. Few studies have investigated the role of cell-free
HPV DNA (cfHPV-DNA) as a diagnostic marker in patients with OPSCC with variable outcomes.
To emphasize the importance of cfHPV-DNA, we performed a literature review and meta-analysis.
Our results demonstrate that cfHPV-DNA in patients with OPSCC presents a promising diagnostic
tool with high specificity. Nevertheless, further studies with homogeneous inclusion criteria will be
necessary to strengthen the role of cfHPV-DNA as a biomarker in the future.

Abstract: Global incidences of oropharyngeal squamous cell carcinoma (OPSCC) are rising due
to an association with high-risk human papillomavirus (HPV). Although there is an improved
overall survival of HPV-related OPSCC; up to 25% of the patients develop recurrent or distant
metastatic disease with a fatal outcomes. Biomarkers to monitor this disease are not established.
This meta-analysis reviews the role of cell-free HPV DNA in liquid biopsy (LB) as a biomarker for
HPV-related OPSCC. Pubmed, Livivo, and Cochrane Library databases were searched from inception
to August, 2020. All studies were analyzed by Meta-DiSc 1.4 and Stata 16.0 statistical software.
In total, 16 studies were considered for systematic review, whereas 11 studies met inclusion criteria for
meta-analysis, respectively. Pooled sensitivity of cfHPV-DNA at first diagnosis and during follow-up
was 0.81 (95% CI; 0.78-0.84) and 0.73 (95% CI; 0.57-0.86), while pooled specificity was 0.98 (95% CI;
0.96-0.99) and 1 (95% CI; 0.99-1). The diagnostic odds ratio (DOR) at first diagnosis was 200.60
(95% CI; 93.31-431.22) and 300.31 (95% CI; 60.94-1479.88) during follow-up. The area under the
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curve (AUC) of summary receiver operating characteristic (SROC) was 0.99 at first diagnosis and 1.00
during follow-up, respectively. In conclusion, cfHPV-DNA presents a potential biomarker with high
specificity in patients with HPV-related OPSCC.

Keywords: oropharyngeal squamous cell carcinoma; human papillomavirus; liquid biopsy; cell-free
DNA; biomarker; meta-analysis

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) presents the sixth most common malignancy
worldwide and approximately 700,000 new cases are diagnosed each year [1]. Incidences of
oropharyngeal squamous cell carcinoma (OPSCC) are rising as a result of an increasing prevalence
of high-risk human papillomavirus (HPV)-related tumors and rates have already surpassed those of
cervical cancer in some developed countries [2-5]. Dependent on the geographical region, 40-80% of
OPSCC are HPV-related, whereas in other head and neck subsites, rates are estimated below 5% [6].
HPV16 represents the most common high-risk type in OPSCC, with a prevalence of over 90% [3]. It is
well established that HPV-related OPSCC comprises a tumor entity with distinct clinical behavior and
improved survival rates compared to HPV-negative OPSCC, regardless of the advanced tumor stage [7].
The favorable prognosis has promoted the development of deintensification treatment regimens aiming
to spare these patients the devastating side effects of aggressive treatment. Nevertheless, up to 25% of
patients develop local/regional recurrent disease or distant metastasis following established therapy
concepts and present with 5-year overall survival rates comparable to those observed in HPV-negative
OPSCC [8]. This emphasizes that this subgroup of patients would not profit from deintensified
treatment regimens [9,10]. Recent methods to monitor OPSCC by clinical screening and imaging are
insufficient and new tools that enable early diagnosis, identification of patients with unfavorable
outcome, monitoring of treatment response, and detection of minimal residual disease (MRD) are of
great importance to guide precision therapy and to improve outcome in these patients.

Liquid biopsy (LB) analysis is a diagnostic approach to detect, characterize, and monitor the tumor
burden using one or more body liquids, including blood, urine, saliva, and spinal fluid. Because tumors
may build leaky blood vessels and/or invade the surrounding tissue, their cells and cell products may
spill into the blood circulation (Figure 1) [11]. Therefore, blood is the most frequently used source for
the isolation of tumor-related markers including circulating tumor cells (CTCs), extracellular vesicles,
tumor educated platelets, miRNAs, and circulating tumor DNA (ctDNA) [12]. Detection of ctDNA by
identifying specific tumor-related mutations in the blood is considered a highly specific method that
was proposed as a biomarker more than two decades ago [13]. The release of tumor DNA into the
bloodstream is reported from necrosis or apoptosis of tumor cells [14] or through active secretion of
extracellular vesicles [15]. Because the quantity of tumor-derived DNA can be less than 0.1% in the
background of normal cell-free DNA (cfDNA), many different and sensitive techniques have been
developed for detecting the presence of ctDNA in blood plasma [15]. qPCR (quantitative PCR) or
droplet digital PCR (ddPCR) are among the most frequently used techniques due to their ease of use
and relatively high sensitivity and specificity for the detection of specific DNA sequences (Figure 1).
Owing to the minimal invasiveness of LB, repeated samplings can be performed to monitor dynamic
changes of tumor burden. For the detection of minimal residual disease prior to the development
of clinical symptoms of recurrence, LB has become a promising approach in breast cancer, prostate
cancer, and lung cancer [16-19]. In those entities, the detection of tumor-specific DNA and respective
mutations is in focus to monitor tumor burden and to apply newly developed targeted therapies. On the
other hand, monitoring the DNA of an oncogenic virus may be advantageous when tumor growth
depends on the activity of the encoded viral oncoproteins. In that case, virus DNA is even a more
stable marker than DNA mutations, because it is less dependent on clonal selection processes during
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tumor progression. HPV-related OPSCC represents such a subgroup of HNSCC that can be specifically
monitored due to their virus association by detecting high-risk cell-free HPV DNA (cfHPV-DNA) in the
blood, such as has also been shown for Epstein—Barr virus-associated nasopharyngeal cancer [20,21].
Detection of high-risk ¢fHPV-DNA in LB could provide a future tool for early diagnosis of HPV-related
OPSCC. Furthermore, the monitoring of high-risk cfHPV-DNA in sequential LB obtained during
systemic therapy or post-surgery might function as a biomarker for the guidance of precision therapy
as well as detection of MRD during follow-up. We performed a systematic literature review and
meta-analysis to investigate the value of cfHPV-DNA presence in LB as a biomarker in patients with
HPV-related OPSCC.

Blood sample
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Figure 1. Systematic representation of the process and potential usage of liquid biopsies as a biomarker
in oropharyngeal squamous cell carcinoma (OPSCC). Human papillomavirus (HPV) infects the palatine
tonsil and the base of the tongue, causing HPV-related OPSCC. Tumor cells and tumor-derived DNA
end up in the bloodstream that may function as a biomarker to facilitate personalized medicine.
By obtaining blood plasma and isolating the cell-free DNA (cfDNA), quantification methods such as
gPCR (quantitative PCR) and droplet digital PCR (ddPCR) make it possible to detect and quantify
cell-free HPV-specific DNA (cfHPV-DNA) sequences for diagnosis, therapy stratification, and disease
monitoring. Designed with BioRender.com.

2. Results

The initial literature search yielded a total of 993 publications (Figure 2). Duplicates (n = 124),
as well as 727 records, were removed as those articles did not meet the topic of this meta-analysis.
One hundred and forty-two articles were selected by abstracts and titles. Subsequently, 46 articles
were included for full-text screening. As a result, we obtained 16 records for systematic review
(Table 1). Out of these 16, 10 diagnostic studies were eligible for quantitative meta-analysis at first
diagnosis of disease (Table 1, marked #), whereas five out of those 16 studies were eligible for analysis
of cfHPV-DNA detection during follow-up (Table 1, marked **). In total, data of 998 patients and
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286 controls (patients with HPV-negative OPSCC, healthy donors) from 10 studies (USA: six studies;
n = 696, Europe: three studies; n = 279; Australia: one study; n = 23) published in 2012-2020 were
available. For the performance of the meta-analysis, focusing on first diagnosis, n = 594 patients with
HPV-related OPSCC and n = 286 controls were included. For follow-up analysis, a cohort of n = 331
patients with tissue-proven recurrent disease of HPV- related OPSCC and n = 84 controls were available.
The exclusion of cases according to the initial cohort was due to missing or insufficient HPV status.

Publication identified from database search
(n=993)

Records after duplicates removed
(n=869)

Records removed because of
obvious irrelevance (n= 727)

A,

Article chosen by abstract and titles
(n=142)

Full text articles assessed for eligibility
(n=46)

Additional articles identified from
references list
(n=0)

Studies included in the systematic
review (n= 16)

\d

Studies included in the quantitative
synthesis (meta-analysis)
(n=11)

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow chart
of studies included in systematic review and meta-analysis.
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Table 1. Summary of all 16 studies assessing blood cfHPV-DNA in HPV-related OPSCC included in review and meta-analysis.

50f18

Patients

Primary Site

Study Year  Country Stu.d Y (Total/ Control) of Tumor Tissue HPV+ Method/Assay Tumor Sample TP FP FN TN Seniltlvlty Sp eglﬁaty
Design ) ) (n) Stage (%) (%)
1. Caoetal. [22] #* 2012 USA NR 40/34 OPSCC (40) 40 ;gglé -1V Plasma 26 0 14 34 65% 100%
2. Ahnetal. [23] #* 2014 USA Retrospective 93/9 OPSg%6§87) 52 qPCR 0-IV Plasma 35 0 17 9 67% 100%
3. Dahlstrom et al. [24] #** 2015 USA Prospective 262/27 OPSCC (262) 114 qPCR -1V Serum 69 0 45 27 61% 100%
OC (46)
4. Wangetal. [25] # 2015 USA Retrospective 93/10 OPi%CO)(M) 21 ddPCR -1V Plasma 18 0 3 10 86% 100%
HP(3)
5. Kuhsetal. [26] # 2017 Germany  NR 161/25 OPSCC (87) 87 Multiplex IV Serum 78 1 9 24  89.70% 96%
serologic testing
s
6. Leeetal. [27] #* 2017  England Prospective Test: 55 L @) 27 (Test cohort) HPV16-detect IV Plasma 27 1 0 13 100% 93%
Validation: 33 HP (4)
7. Chera etal. [28] # 2019 USA Prospective 103/115 103 (OPSCC) 103 ddPCR 0-1IV Plasma 92 3 11 112 89% 97%
. 97 (OPSCC) ddPCR o o
8. Damerla et al. [29] # 2019 USA Retrospective 105/27 8 (ASCC) 97 gPCR 0-1IvV Plasma 93 0 4 27 96% 100%
9. Nguyen etal. [30] # 2020  Australia Prospective 23/5 OPSCC (23) 23 ddPCR I-1Iv Plasma 21 0 2 5 91% 100%
10. Reder etal. [31] # 2020  Germany NR 30/20 OPSCC (30) 30 qPCR -1V Plasma 23 0 7 20 76.60% 100%
TagMan-based
11. Mazurek et al. [32] 2016  Poland NR 200/15 72 (OPSCC) NR TERT LIV Plasma NR NR NR NR n.a. na.
amplification
UC (47)
12. Jeannot et al. [33] 2016  France Retrospective 70/18 ASCC (15) NR dcg)cclf I, IV Is)le::;“a/ 8 0 0 18  100% 100%
HNSCC (8) 4
TagMan-based
13. Rutkowski et al. [34] 2017 Poland NR 179/NR OPSCC (55) 47 TERT -1V Plasma NR NR NR NR n.a n.a
amplification
14. Hanna et al. [35] 2018 USA NR 22/NR OPSCC (22) 22 ddPCR I-1v Plasma NR NR NR NR n.a. n.a
15. Veyer et al. [36] 2019 France NR 66/NR OPSCC (66) 66 ddPCR I-Iv Plasma 47 NR 19 NR 71% n.a
16. Chera et al. [37] ** 2020 USA Prospective 115/NR OPSCC (115) 115 ddPCR I-11T Plasma NR NR NR NR n.a. n.a.

Abbreviations: NR—Not reported, ddPCR—Droplet digital PCR, qPCR— Quantitative PCR, cPCR—Conventional PCR, TP—True positive, FP—False positive, FN—False negative,
TN—True negative, OPSCC—Oropharyngeal squamous cell carcinoma, US—Unknown site, OC—Oral cavity, L—Larynx, HP—Hypopharynx, ASCC—Anal squamous cell carcinoma,
UC—Uterine cervix, HNSCC—Head and neck squamous cell carcinoma, n.a.—not applicable. # studies included in meta-analysis at first diagnosis and ** studies included in meta-analysis

during follow-up.
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2.1. Characteristics of Studies Included in Systematic Review and Meta-Analysis

2.1.1. Tumor Characteristics and Treatment

OPSCC patients with UICC (Union for International Cancer Control) stage of 0-IV who
received surgery, radio(chemo)therapy, and/or immunotherapy were incorporated (for more
information, see Table S1). According to collection of data/samples, five studies had a prospective
design [24,27,28,30,37], whereas four studies were purely retrospective [23,25,29,33]. Seven studies did
not report how data/samples were collected [22,26,31,32,34-36] (Table 1, Table S1).

2.1.2. Samples and Assays Used for Detection of cfHPV-DNA in Blood

In general, polymerase chain reaction (PCR) to quantify circulating cfHPV-DNA was the most
common method used. One study [27] used “HPV16-detect” and compared sensitivity and specificity
via real-time PCR. Additionally, eight studies [25,28-30,33,35-37] used droplet digital PCR (ddPCR).
Damerla et al. [29] and Jeannot et al. [33] compared ddPCR with qPCR and they reported more
sensitive values by using ddPCR at lower cfHPV-DNA concentrations. One study [26] conducted
multiplex serologic testing (MST), six studies [22-24,29,31,33] used qPCR and two studies also used
TagMan-based telomerase-based reverse transcriptase (TERT) amplification [32,34]. Cao et al. [22] also
used conventional PCR. Probes and primers used in the 16 studies included in the review are displayed
in Table S3. Thirteen studies extracted cftHPV-DNA from plasma [22,23,25,27-32,34-37], whereas two
other studies extracted DNA from serum [24,26] and Jeannot et al. used both plasma and serum [33].

2.1.3. Relationship between ¢fHPV-DNA Copy Number in Pre-/Post-Treatment Blood Samples and
Tumor Stage

The cfHPV-DNA copy number varied considerably among studies at early diagnosis and during
treatment. The median plasma cfHPV-DNA copy number was found to be in a range of 222 copies/mL
to 880 copies/mL. Two study groups, Dahlstrom et al. [24] and Reder et al. [31], reported the copy
number with respect to HPV16 E6 and E7 genes. Kuhs et al. [26] performed multiplex serologic
testing and reported that the median fluorescence intensity of the HPV16-E6 gene did not significantly
decline over time in post-treatment samples and also did not correlate with the risk of recurrence.
Chera et al. [28] proposed a cfHPV-DNA positive clearance profile as having a high baseline copy
number (>200 copies/mL) and >95% clearance of cfHPV-DNA by day 28 of chemoradiotherapy.
A gradual decline in cfHPV-DNA was seen in patients during chemoradiotherapy throughout the
studies. Patients who developed recurrence had an increased level of circulating cfHPV-DNA
(542 copies/mL) as observed in Cao et al. [22] (for more information see Table S1).

In the study by Cao et al. [22], a significant correlation of nodal classification and metabolically
active nodal volume with HPV-DNA copy number was observed (N1-N2a: 225.5 copies/mL, N2b-N2c:
1026.1 copies/mL, N3: 5500 copies/mL). Five studies [24,31-33,36] observed that higher T- and N-stage
resulted in higher rates of cfHPV-DNA in pre-treatment samples. In contrast to this, Chera et al. [28]
reported that patients with larger tumors may be associated with less release of cfHPV-DNA and,
therefore, tumor burden alone may not clarify the variability in the level of pre-treatment cfHPV-DNA
in OPSCC patients.

2.2. Quality Assessment of Studies Included in Meta-Analysis at First Diagnosis

Quality assessment characteristics of the 10 eligible studies included in the meta-analysis at first
diagnosis can be gathered from Supplementary Table S2. The risk of bias was rated high, low, or
unclear according to QUADAS-2. Nine studies presented with high quality [22-29,31], whereas one
study increased the risk of bias due to an isolated focus on patients with tumor stage III-IV [30].
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2.3. Diagnostic Accuracy of cfHPV-DNA in OPSCC at First Diagnosis

In the meta-analysis, 10 eligible studies were pooled for diagnostic accuracy of cfHPV-DNA
at first diagnosis. The Spearman correlation coefficient was 0.492 (p > 0.05, p = 0.148), suggesting
that the threshold effect was not significant. Therefore, the non-threshold effect was checked by I?
statistics. This analysis demonstrated high heterogeneity in sensitivity (I> = 88.8%, Figure 3A) with
high specificity (no heterogeneity, I> = 0.0%, Figure 3B). Next, a random effects model was applied
to study diagnostic accuracy of circulating cfHPV-DNA in OPSCC. Pooled sensitivity and specificity
were 0.81 (95% CI, 0.78-0.84, Figure 3A) and 0.98 (95% CI, 0.96-0.99, Figure 3B), respectively, whereas
the pooled positive likelihood ratio (PLR) was 23.24 (95% CI, 12.26-44.06, 2 =0.0%, Figure 3C) and
the negative likelihood ratio (NLR) was 0.17 (95% CI, 0.10-0.30, I? = 89.0 %, Figure 3D). Diagnostic
odds ratio (DOR) was 200.60 (95% CI, 93.31-431.22, I2 = 0.0 %, Figure 3E). The area under the curve
(AUC) of the summary receiver operating characteristic (SROC) was 0.99, indicating a high diagnostic
accuracy of cfHPV-DNA in HPV-related OPSCC at first diagnosis (Figure 4).
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Figure 3. Diagnostic accuracy of cfHPV-DNA displayed by forest plots estimating (A) sensitivity,
(B) specificity, (C) positive likelihood ratio (PLR), (D) negative likelihood ratio (NLR), and (E) diagnostic

odds ratio (DOR) at first diagnosis of HPV-related OPSCC (confidence interval (CI) in brackets). The size
of red dots represents the sample size included in the studies.
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Figure 4. The summary receiver operating characteristic (SROC) curve for analysis of cfHPV-DNA
detection at first diagnosis in HPV-related OPSCC. Blue lines represent the SROC curve and standard
error (SE). The point where the SROC curve intersects the diagonal and sensitivity equals specificity is
defined as Q*. Sensitive versus 1-specificity of each study is plotted as a red dot, whereas size of the
dot represents sample size of the study cohort. (# studies included in meta-analysis at first diagnosis)

2.4. Subgroup Analysis

To investigate the heterogeneity between the studies, subgroup analysis was performed (Table 2).
The following parameters of each study were included: sample source (serum versus plasma), detection
method (qQPCR vs. ddPCR versus HPV16 detect/multiplex serology testing), patient number (> 50 cases
versus < 50 cases) and estimation of HPV status based on tissue of the primary (p16 staining versus
HPV-PCR versus combined approach). Subgroup analysis based on “sample used” suggested the same
specificity of 0.98 with higher sensitivity for plasma (0.85) versus serum (0.73), PLR of 22.79 versus 25.66,
NLR of 0.16 versus 0.21, DOR of 216.11 versus 150.09, and AUC of 0.98, respectively. When analyzing
“methods used”, ddPCR and HPV16 detect+/MST (multiplex serologic testing) seemed to be more
accurate in detecting cfHPV-DNA (sensitivity 0.92, specificity 0.98, PLR 29.29, NLR 0.10, DOR 285.88,
AUC 0.97, and sensitivity 0.92, specificity 0.95, PLR 13.49, NLR 0.07, DOR 268.77, AUC n.a.) compared
to qPCR (sensitivity 0.65, specificity 1.00, PLR 28.24, NLR 0.37, DOR 85.17, AUC 0.89). According to
the “sample size” included in studies, similar estimates with overlapping confidence intervals were
detected (sensitivity 0.81, specificity 0.98, PLR 30.19, NLR 0.16, DOR 230.37, AUC 0.99 versus sensitivity
0.82, specificity 0.99, PLR 15.67, NLR 0.21, DOR 148.55, AUC 0.97). Furthermore, subgroup analysis
was conducted for different HPV testing methods of the primary tumor, which included p16 staining or
HPV-PCR only versus a combined approach (p16 staining, HPV-PCR, in situ hybridization, molecular
HPV detection). We found that p16 staining alone and a combined approach demonstrated a higher
level of sensitivity and specificity (sensitivity 0.90, specificity 0.98, PLR 28.76, NLR 0.11, DOR 262.75,
AUC n.a., and sensitivity 0.85, specificity 0.98, PLR 19.47, NLR 0.16, DOR 197.47, AUC 0.98) than
HPV-PCR alone (sensitivity 0.64, specificity 1.00, PLR 24.92, NLR 0.29, DOR 95.49, AUC n.a.).
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Table 2. Results of the subgroup analysis.
No. of  Sensitivity Specificity PLR NLR DOR
Subgroup Studies  (95% CD) (95% CI) (95% CI) (95% CI) (95% CI) AUC
0.81 0.98 23.24 0.17 200.60
Overall 10 (078-084)  (0.96-099)  (1226-4406)  (0.10-030) (9331-43122) %
Sample
Plasma 0 0.85 0.98 22.79 0.16 216.11 0.98
(0.81-0.89)  (0.96-1.00)  (11.32-45.89)  (0.09-0.29)  (91.63-509.69)
Serum ) 0.73 0.98 25.66 0.21 150.09 a
0.66-0.79)  (0.90-1.00)  (5.31-123.99)  (0.05-0.95)  (27.61-81577) '~
Method
0.65 1.00 28.24 0.37 85.17
qPeR 4 (058-071)  (0.96-1.00)  (717-11120)  (031-0.44)  (2021-358.89) &
0.92 0.98 29.29 0.10 285.88
ddPCR 4 (0.88-095)  (0.95-1.00)  (11.80-72.74)  (0.06-0.16)  (100.03-817.00) 7
HPV16-detect+/ ) 0.92 0.95 13.49 0.07 268.77 o
MST (0.86-0.96)  (0.83-0.99)  (4.10-44.41)  (0.01-0.38)  (45.51-1587.28) -
Sample Size
0.81 0.98 30.19 0.16 230.37
Greater than 50 5 (077-085)  (0.95-099)  (1323-68.85)  (0.06-040)  (91.35-58098) 7
0.82 0.9 15.67 0.21 148.55
Less than 50 5 (074-088)  (0.93-1.00)  (5.69-4314)  (011-038)  (38.03-58031)
HPV Tissue Status
16 stainin ) 0.90 0.98 28.76 0.11 262.75 o
pios & (0.83-094)  (0.93-0.99)  (10.26-80.64)  (0.07-0.18)  (78.51-879.35) -
0.64 1.00 24.92 0.29 95.49
HPV-PCR 2 0.56-0.72)  (0.91-1.00)  (3.61-172.05)  (0.11-0.74)  (12.00-759.73) @
Combined . 0.85 0.98 19.47 0.16 197.47 098
approach (0.80-0.88)  (0.95-1.00)  (7.92-47.86)  (0.08-0.33)  (64.08-608.52)

Abbreviations: n.a.—not applicable; AUC—Area under the curve (cannot be calculated if there are only two studies
in the subgroup), PLR—Positive likelihood ratio, NLR—Negative likelihood ratio, DOR—Diagnostic odds ratio,
CI—Confidence interval, ddPCR—Droplet digital PCR, qPCR—Quantitative PCR.

2.5. Publication Bias

To estimate publication bias of the 10 included studies in the meta-analysis at first diagnosis, Deeks’
funnel plot asymmetry test was performed (Figure 5). The regression line was associated with a p-value
of 0.250, confirming that there was no essential publication bias throughout the included studies.
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Figure 5. Deeks’ funnel plot for assessment of publication bias.

2.6. Diagnostic Accuracy of cfHPV-DNA in OPSCC during Follow-Up

In the meta-analysis of follow-up samples, five eligible studies were pooled for diagnostic accuracy
as they fulfilled the inclusion criteria as tissue-based confirmation of recurrence and stated true positive
(TP), false positive (FP), false negative (FN), and, true negative (TN) diagnostic values (Table 3).
The Spearman correlation coefficient was 0.205 (p > 0.05, p = 0.741), suggesting that the threshold
effect was not significant and, therefore, a non-threshold effect was checked by I? statistics. As this
test demonstrated a high heterogeneity in sensitivity (I* = 80.4%, Figure 6A) and low heterogeneity
in specificity (I> = 0 %, Figure 6B), a random effects model was applied to study diagnostic accuracy
of cfHPV-DNA in OPSCC during follow-up. Pooled sensitivity and specificity were 0.73 (95% CI,
0.57-0.86) and one (95% CI, 0.99-1), respectively (Figure 6 A, B). PLR was 62.81 (95% CI, 17.97-219.50,
2 =0%, Figure 6C), NLR was 0.24 (95% CI, 0.06—0.90, 2 =775%, Figure 6D), and DOR was 300.31
(95% CI, 60.94-1479.88, 12 = 0 %, Figure 6E). The AUC of the SROC was 1.0 (Figure 7) with a wide 95%
CI, displaying low certainty in the estimate of SROC.

Table 3. Studies included in the meta-analysis of follow-up stating relapse of HPV-related OPSCC
according to tissue and blood sample testing.

Median Tissue + Tissue — Tissue + Tissue —
Study Follow-u Year Blood + Blood + Blood - Blood -
P (TP) (FP) (FN) (TN)
Cao et al. [22] ** 12-22 months 2012 3 0 0 10
Ahn et al. [23] 49 months 2014 6 0 2 44
Dahlstrom et al. [24] 67 months 2015 5 0 9 100
Lee et al. [27] 12 weeks 2017 1 0 0 36
Chera et al. [37] 23 months 2019 15 0 0 100

** Follow-up plasma was not available for one patient with recurrent HPV-related OPSCC. Abbreviations: TP—True
positive, FP—False positive, FN—False negative, TN—True negative.
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Figure 6. Diagnostic accuracy displayed by forest plots estimating (A) sensitivity, (B) specificity,
(C) PLR, (D) NLR, and (E) DOR for analysis of cfHPV-DNA in detecting recurrence (confidence interval
(CI) in brackets). Size of red dots represents sample size included in studies.
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Figure 7. The summary receiver operating characteristic (SROC) curve for detection of cfHPV-DNA as a
recurrence marker in HPV-related OPSCC. Blue lines represent the SROC curve and standard error (SE).
The point where the SROC curve intersects the diagonal and sensitivity equals specificity is defined
as Q*. Sensitive versus 1-specificity of each study is plotted as a red dot, whereas the size of the dot
represents the sample size of the study cohort. (** studies included in meta-analysis during follow-up)

Based on these results, cfHPV-DNA presents a promising biomarker with a high specificity but
only moderate sensitivity at first diagnosis and during follow-up in patients with HPV-related OPSCC.

3. Discussion

HPV-related OPSCC are often diagnosed in advanced tumor stages due to the development of
node metastasis being the first clinical symptoms in many cases. In contrast to HPV-related cervical
cancer, precancerous lesions in the oropharynx and reliable screening methods are lacking to date.
Regardless of the more favorable prognosis compared to HPV-negative OPSCC, applied treatment
regimens do not differ according to virus relation in OPSCC, causing severe side effects in these patients.
Risk-adapted, deintensified therapy concepts, currently in the focus of clinical trials, have failed to
obtain favorable outcomes by the replacement of chemotherapy by the less toxic EGFR (epidermal
growth factor receptor) monoclonal antibody cetuximab [9,10]. Furthermore, up to 25% of patients
with HPV-related OPSCC develop recurrent or distant metastatic disease following guideline therapy,
resulting in a significantly reduced survival [8]. There is a lack of biomarkers for the early detection
of HPV-related cancers at an early stage, for monitoring the disease burden under therapy and
during follow-up, and for detecting minimal residual disease. Pathological examination or alternative
radiological imaging is the diagnostic gold standard to date. However, dynamic changes of tumor
burden during or after treatment cannot be reflected adequately and distant metastases are often
not accessible for tissue biopsy, resulting in delayed diagnosis and reduced survival. Monitoring
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cfHPV-DNA by LB of patients with HPV-related OPSCC could complement conventional imaging and
has great potential to improve surveillance by monitoring changes in tumor burden. Recently, this
new diagnostic technique has been extensively studied by various research groups. To investigate the
diagnostic accuracy of cfHPV-DNA at first diagnosis and during follow-up, we performed a systematic
review and meta-analysis focusing on patients with HPV-related OPSCC.

Of 10 individual studies, 549 patients with HPV-related OPSCC were included to investigate
the accuracy of cfHPV-DNA at first diagnosis of OPSCC, whereas five studies with 331 patients with
HPV-related OPSCC were included in the meta-analysis of follow-up. Pooled sensitivity and specificity
were 0.81 (95% CI, 0.78-0.84) and 0.98 (95% CI, 0.96-0.99) at first diagnosis and 0.73 (95% CI, 0.57-0.86)
and 1.00 (95% CI, 0.99-1.00) at follow-up, respectively. This demonstrates that the quantification
of cfHPV-DNA as a biomarker for HPV-related OPSCC at first diagnosis and at follow-up has high
specificity with intermediate sensitivity. Likelihood ratios (LRs) reflect the accuracy of sensitivity
and specificity. In this study, the pooled PLR and NLR were 23.24 (95% CI, 12.26—44.06) and 0.17
(95% CI, 0.10-0.30) at first diagnosis and 62.81 (95% CI, 17.97-219.50) and 0.24 (95%, 0.06-0.90) during
follow-up, respectively. This result indicated that OPSCC patients have approximately 23% and 63%
greater chances of being cfHPV-DNA positive at first diagnosis and during follow-up compared with
controls and had approximately 17% and 24% error rates when the true negative was determined in the
cfHPV-DNA negative test. In particular, the variety in the sensitivity and NLR reflects poor accuracy
of the data. A pooled DOR of 200.60 (95% CI, 93.31-431.22) at first diagnosis and 300.31 (95% ClI,
60.94-1479.88) during follow-up indicates a relatively high level of accuracy. Furthermore, the AUC of
the SROC curve for the analysis of cfHPV-DNA at first diagnosis was 0.99 and 1.00 during follow-up,
suggesting a relatively high accuracy of circulating cfHPV-DNA for OPSCC at first diagnosis in plasma
or serum samples. However, during follow-up, there was a wide confidence interval, which reflects
low certainty and could be explained by a relatively low number of studies.

In general, our results are in line with a closely related meta-analysis published in 2018 [38].
Jensen et al. also reported high specificity, but lacked the sensitivity of cfHPV-DNA as a biomarker
in HPV-associated HNSCC during follow-up. A minor deviation in the results of our meta-analysis
at first diagnosis and follow-up might be attributed to a smaller number of studies included in the
follow-up analysis. To evaluate the cause of heterogeneity in our study, we additionally performed
a quality assessment of included studies and subgroup analysis, which revealed that the method of
detection and definition of HPV status (of the primary tumor) were possible factors for heterogeneity.
Other factors, such as “specimen used”, might also be responsible, but could not adequately be
investigated due to a relatively low number of studies using serum compared to plasma. In addition,
the different primers/probes and volumes used throughout the studies might display another source
explaining heterogeneity. Nevertheless, due to high variation rates, proper assessment of these factors
was not possible. Another fact that has to be taken into account is that detection of cfHPV-DNA is
not specific for a certain location of an HPV-related tumor. Although highly unlikely, the positivity of
c¢fHPV-DNA can also occur due to a simultaneous second HPV-related primary other than oropharynx,
as cfHPV-DNA is also reported to be a reliable biomarker for cervical carcinoma [39].

Furthermore, it has to be taken into account that no valid data on the correlation of copy number
and TNM stage exist to date. Therefore, it might be necessary to increase the volume used for analyses
to improve detection rates especially in cases with lower tumor burden. Based on valid correlations,
the definition of cut-off values for cfHPV-DNA as a biomarker is inevitable for proper diagnosis and
the establishment of clinical guidelines in the future. Additionally, other components obtained from
LB, e.g., circulating tumor cells, microRNA, or extracellular vesicles, could complement the detection
of cfHPV-DNA as a biomarker and improve predictive accuracy in the future [40-42].

LB has numerous potential applications in OPSCC and other cancers. Once validity has been
improved, the detection of cfHPV-DNA could function as a screening marker for HPV-associated
malignancies at first diagnosis. Furthermore, it can help in planning tailored treatment as well as
monitoring therapy response or resistance by sequential use. For example, during follow-up monitoring
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cfHPV-DNA testing could enable early detection of recurrence and might help to differentiate between
tumor activity of an HPV-related OPSCC as distant metastasis or a second primary [43]. This is
important especially in the view of de-escalating treatment settings to maintain a sufficient outcome.

As a sensitive marker, LB might help to set accurate time points for radiological imaging, which in
turn might minimize radiation exposure. A combination of conventional medical images like PET-CT
and blood tests can be safely combined into daily clinical care as both these techniques give insights
on the correlation of radiological volume of the tumor with copy numbers of cfHPV-DNA to predict
outcome based on two complementary measurements of the tumor burden [44].

Currently, the application of methods such as microarray, next-generation sequencing (NGS)
and single-cell RNA sequencing, artificial intelligence, and machine learning algorithms can detect
signatures of tumors as mutational changes in multiplexed data [45,46]. Information on viral sequences
such as from HPV could be included in these analyses in the future to extend their applicability for the
detection of cfHPV DNA in LB.

Limitations of this meta-analysis are the relatively small number of studies included with somewhat
low patient and control numbers. Furthermore, we only included studies written in the English
language, which could yield selection bias for the language and populations studied. Additionally,
there was a high variability throughout study settings and material and methods used for the detection
of cfHPV-DNA, which clearly restricts the liability of conclusions drawn. Even though publication
bias was not significant and subgroup analysis was performed to evaluate the cause of heterogeneity,
the inclusion of only a few factors leaves the risk of not taking other relevant ones into account. Once a
higher number of studies is available, a more thorough evaluation of the cause of heterogeneity will be
possible to strengthen the role of cfHPV-DNA as a biomarker in HPV-related OPSCC.

4. Material and Methods

4.1. Search Strategy

This meta-analysis was conducted following the criteria of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [47]. A systematic literature search was carried out to identify
all relevant articles, using Medline (via Pubmed), Cochrane Library databases, and Livivo for the
English language. The time period was specified from inception to the 20 of August, 2020. Pubmed
Advance Search Builder was used and research articles were selected by using the following terms:
“HPV” (human papillomavirus), “head and neck cancer”, “oropharyngeal” OR “oral”, “THPV DNA”,
“biomarkers” and “blood” or “serum”, which returned 993 research papers and the following terms were
used to get the precise research papers: “oropharyngeal cancer AND HPV cfDNA” OR “oropharynx
cancer AND cfDNA” OR “oropharyngeal carcinoma AND c¢fDNA” OR “circulating DNA AND
oropharyngeal cancer”. All searches were first performed by reviewing titles and abstracts by two
independent reviewers (NW and R]) followed by full text screening of the eligible articles. A third
reviewer (JPK) was consulted to resolve cases of disagreement. Additionally, reference lists of the
included studies were assessed and screened to extract relevant information on the related topics.

4.2. Inclusion and Exclusion Criteria

In the meta-analysis, only those studies were included if they met the following criteria:
(a) estimating cfHPV-DNA in the blood of patients with OPSCC; (b) including a minimum of
10 HPV-related OPSCC patients along with negative controls; (c) methods for the detection of viral
DNA and target genes clearly defined; (d) studies published in the English language; (e) diagnostic
value of cfHPV-DNA in OPSCC was stated or could be calculated at first diagnosis; (f) for meta-analysis
of follow-up, stated tissue-based confirmation of the recurrence of HPV-related OPSCC and the
diagnostic value of HPV blood and biopsy relapse had to be stated additionally and clearly defined or
able to be calculated during follow-up.
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The following characteristics were excluded: (a) diagnostic values could not be retrieved from
incomplete data to construct a 2 x 2 table; (b) sample size < 10; (c) records available in languages other
than English; (d) repeated studies that overlapped included studies; (e) experiments based on cell lines;
(f) circulating tumor cells or other genetic markers.

4.3. Data Extraction

The following data were collected from each of the eligible studies: last name of the first author, year,
country, study design, tumor location, demographic variables, method for cfHPV-DNA assessment
including cfDNA extraction methods and collection, tumor stage, sample type, and diagnostic
performance including detection rate, true positive (TP), false positive (FP), true negative (TN),
false negative (FN), specificity, and sensitivity. For the follow-up, “Tissue +, Blood +” (TP), “Tissue —,
Blood +” (FP), “Tissue +, Blood —” (FN), and “Tissue —, Blood —” (TN) relapse were extracted.
Furthermore, the correlation of cfHPV-DNA presence with tumor and nodal status along with the
positive trend of pre- and post-therapeutic cfHPV-DNA detection were extracted.

4.4. Quality Assessment

To evaluate the potential risk of bias and quality of included studies, QUADAS-2 guidelines
were used for evaluation. The risk of bias was rated high (H), low (L), or unclear (U) according to
QUADAS-2 [48].

4.5. Statistical Analysis

We used standard methods suggested for meta-analysis of diagnostic test evaluations [47].
Meta-analysis was performed by using Meta-DiSc 1.4 (Cochrane Colloquium, Barcelona, Spain) and
Stata 16.0 (Stata Corporation, College Station, TX, USA) statistical software. Indicators like sensitivity,
specificity, diagnostic odds ratio (DOR), positive likelihood ratio (PLR), and negative likelihood ratio
(NLR) were summarized in bivariate meta-analysis model and displayed by standard forest plot.
By plotting the sensitivity and specificity of each of the studies, bivariate SROCs with a 95% confidence
interval (95% CI) were produced. The area under the curve (AUC) of the SROC was used to predict
overall accuracy. The threshold effect was detected by the Spearman correlation coefficient and values
of p < 0.05 which indicated significant threshold effects. Heterogeneity between studies was evaluated
through chi-squared and I? tests. Values of p < 0.1 or I? higher than 50% indicated the existence
of significant heterogeneity [39]. Subgroup analysis was performed to explore the possibility of
heterogeneity [49], whereas publication bias was assessed by Deeks’ funnel plot asymmetry test [50].

5. Conclusions

In conclusion, cfHPV-DNA in the blood of patients with HPV-related OPSCC presents a potential
biomarker with high specificity at first diagnosis and during follow-up. Testing for cfHPV-DNA
proved to be a promising application of liquid biopsy for early detection of primary OPSCC in high-risk
groups such as immunodeficient patients. Heterogeneity of sensitivity and NLR could be explained by
different specimens and methods used for the detection of cfHPV-DNA, as well as variability in the
estimation of HPV status in the primary. Although publication bias was ruled out, our analyses suggest
that additional studies with larger sample sizes and homogeneous study protocols are necessary in
the future to increase sensitivity and to further investigate proof diagnostic accuracy in patients with
HPV-related OPSCC.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/10/2997/s1.
Table S1: Extra information on studies included in the review and meta-analysis. Table S2: Quality assessment of
the studies included in meta-analysis. Table S3: Primers and probes used in the different studies of the review
and meta-analysis.
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