
12 October 2024, Preprint v1  ·  CC-BY 4.0 PREPRINT

Research Article

Monitoring of Cell-free Human

Papillomavirus DNA in Metastatic or

Recurrent Cervical Cancer: Clinical

Signi�cance and Treatment Implications

Zhuomin Yin1, Tao Feng1, Qing Xu1, Wumin Dai2, Maowei Ni2, Juan Ni1, Hanmei Lou1

1. Department of Gynecologic Radiation Oncology, Zhejiang Key Laboratory of Radiation Oncology, Zhejiang Cancer Hospital, Hangzhou,

China; 2. Zhejiang Cancer Hospital, Hangzhou, China

Purpose: Monitoring of circulating human papillomavirus (HPV) cell-free DNA (cfDNA) is a minimally

invasive approach for surveillance in HPV-associated cancers, particularly cervical cancer. The aim of

this study was to monitor circulating HPV cfDNA levels in patients with recurrent or metastatic

cervical cancer during treatment and follow-up to assess the utility of HPV cfDNA as a tumor marker

for disease surveillance and in guiding clinical treatment decisions.

Experimental Design: In this prospective pilot observational study, levels of HPV cfDNA in serum

samples from 28 patients with recurrent or metastatic HPV+ cervical cancer were measured via digital

droplet polymerase chain reaction. Results for HPV cfDNA levels were matched to clinical outcomes

and to serum levels of squamous cell carcinoma antigen (SCC-Ag) to assess the clinical potential of

HPV cfDNA as a tumor marker.

Results: HPV cfDNA was detected in all 28 patients (100%). Notably, median baseline HPV cfDNA levels

varied according to the metastatic pattern in individual patients (P=0.019). Speci�cally, patients with a

combined multiple-metastasis pattern had higher median baseline HPV cfDNA levels than patients

with a single metastasis (P=0.003). All participants exhibited changes in HPV cfDNA levels over a

median monitoring period of 2 months (range 0.3-16.9) before evaluations for treatment response or

disease progression. Among 26 patients initially diagnosed with squamous cell cervical cancer, the

positivity rate was 100% for HPV cfDNA and 69.2% for SCC-Ag (P=0.004, 95% con�dence interval, 0-

0.391). Among 20 patients longitudinally monitored for squamous cell cervical cancer, the concordance

with changes in disease status was 90% for HPV cfDNA and 50% for SCC-Ag (P=0.014, 95% con�dence

interval, 0.022-0.621).
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Conclusions: HPV cfDNA is a promising tumor marker for HPV+ cervical cancer that offers advantages

over SCC-Ag. In the context of precision medicine, HPV cfDNA is poised to play an increasingly pivotal

role in monitoring treatment ef�cacy, providing valuable insights into disease progression, and

guiding clinical decisions.

Corresponding author: Hanmei Lou, louhm@zjcc.org.cn

Introduction

Cervical cancer (CC) is the fourth most prevalent malignancy in terms of both incidence and mortality

among females globally, and is the primary human papillomavirus (HPV)-associated cancer[1][2]. Despite

advances in CC treatment, challenges persist regarding recurrence and metastasis[3]. The treatment

landscape for recurrent or metastatic CC has changed with the emergence of targeted immunotherapy

drugs. However, the lack of effective biomarkers hinders assessment of treatment ef�cacy and the ability

to predict patient outcomes in this setting[4]. There is a pressing need for more effective and minimally

invasive biomarkers for serial monitoring of treatment responses and prognostication of patient

outcomes.

As a liquid biopsy modality, measurement of circulating cell-free DNA (cfDNA) released from tumor cells

into the bloodstream has extensive utility in optimizing various facets of cancer management, including

early diagnosis[5], noninvasive genotyping, pretreatment assessment, drug target identi�cation,

resistance detection[6][7], treatment ef�cacy monitoring, post-treatment follow-up, and relapse

prediction[8][9][10]. HPV is the cause of most CC cases[11]. Viral DNA from high-risk HPV subtypes

integrates into host cell genomes, resulting in widespread expression of virus-speci�c E6/7 protein[12]. As

HPV-associated cancers release HPV cfDNA into the host’s bloodstream, circulating HPV cfDNA in free or

integrated form is an attractive potential biomarker that can be detected in blood[13][14]. Typically,

circulating cfDNA is detected using digital droplet polymerase chain reaction (ddPCR) or next-generation

sequencing (NGS) technology[15]. ddPCR allows direct, independent, and absolute quanti�cation of cfDNA

in samples, with a DNA detection threshold as low as 1 copy/mL. Results can be obtained within 1 day, so

ddPCR is relatively cost-effective[16][17].

We conducted a prospective clinical study (NCT03175848) in primary stage IVB CC to investigate the role

of radiotherapy (RT) in combination therapy. Recent advances in targeted therapies and
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immunotherapies have signi�cantly enhanced the treatment ef�cacy for recurrent or metastatic CC and

have increased overall survival (OS)[4]. Some patients may require maintenance therapy for up to 2 years,

and others may survive with their tumor for an extended period. Consequently, it is imperative to closely

monitor each patient’s condition and adjust their treatment plan accordingly. However, conventional

imaging methods occasionally fail to re�ect disease changes in a timely manner[18], while blood

biomarkers such as squamous cell carcinoma antigen (SCC-Ag) have limited clinical effectiveness for

monitoring[19]. Considering these clinical challenges, we hypothesized that circulating HPV cfDNA levels

correlate with metastatic patterns and treatment response in CC. To validate this hypothesis, we

prospectively recruited an observational pilot cohort comprising patients with primary stage IVB or

recurrent HPV-positive CC and measured HPV cfDNA levels for analysis of HPV cfDNA copy numbers in

relation to disease parameters and treatment responses.

Methods

Study design

From August 2017 to February 2023, a total of 33 patients with pathologically con�rmed primary stage

IVB or recurrent HPV+ CC were enrolled at Zhejiang Cancer Hospital. Five patients were excluded from

the analysis, as outlined in Figure 1. The �nal analysis cohort comprised 28 cases: 21 with primary stage

IVB CC and seven with recurrent CC. Notably, 19 cases in the primary CC group participated in the

prospective clinical study (NCT03175848). The main eligibility criteria were: pathologically con�rmed

diagnosis of CC; pathological evidence of at least one metastatic lesion; and PCR positivity for a high-risk

HPV subtype in pretreatment exfoliated cervical cells or a serum sample. All patients consented to the

study protocol, including collection of blood samples throughout the study. Patients received

chemotherapy with or without immunotherapy, targeted therapy, or RT. For patients with primary stage

IVB CC who had a single sample collected, this occurred at treatment initiation. For the group undergoing

longitudinal sampling, patients with primary stage IVB CC had three to �ve blood samples collected at

treatment initiation, mid-treatment, and during follow-up, while patients with recurrent CC had three 3

blood samples collected during treatment, starting from enrollment. For all serum specimens, HPV

cfDNA was quanti�ed using ddPCR. Concurrent SCC-Ag testing was conducted for patients with

squamous cell CC in the sequential sampling group (at a time point matching or closely following HPV

cfDNA sampling). The 2018 International Federation of Gynecology and Obstetrics staging criteria were
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applied. Each patient underwent routine imaging assessments, and treatment ef�cacy was evaluated

according to Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). We de�ned lymph node

metastasis as metastasis in para-aortic or distant lymph nodes (e.g., supraclavicular, inguinal,

mediastinal nodes). We classi�ed patterns of CC recurrence or metastasis into �ve groups: local

recurrence (LR); lymph node metastasis (LNM); hematogenous metastasis (HM); lymph

node+hematogenous metastasis (LN+HM); and lymph node+ hematogenous+diffuse serosal metastasis

(LN+H+DSM). DSM encompasses metastases to the peritoneal, pleural, or pericardial regions. The study

was approved by the Ethics Committee of Zhejiang Cancer Hospital.

Figure 1. CONSORT �ow diagram showing the enrollment of an observational cohort of patients

diagnosed with recurrent or metastatic HPV-cervical cancer undergoing serum human

papillomavirus (HPV) cell-free DNA surveillance.

HPV diagnostics and typing

HPV subtypes were determined via routine PCR for exfoliated cervical cells or serum samples collected

before treatment. Patients were excluded from the study if both samples tested negative. A commercial
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PCR testing kit designed primarily for qualitative genotyping of HPV DNA extracted from exfoliated

cervical cells was routinely used. This kit can detect 21 HPV virus subtypes (8 low-risk and 13 high-risk

subtypes): HPV16, HPV18, HPV31, HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59,

and HPV68.

Samples

Serum was extracted from peripheral whole blood samples at the Radiobiology Laboratory of Zhejiang

Cancer Hospital. A 5-mL aliquot of whole blood was collected into a yellow-top blood collection tube and

allowed to clot at room temperature for 30 min. After centrifugation at 2000×g for 10 min in a

refrigerated centrifuge, the serum was carefully transferred into polypropylene tubes in 1-mL aliquots

and stored at −80°C. Frozen serum samples were subsequently transported to the Oncology Research

Institute of Zhejiang Cancer Hospital for DNA extraction.

Procedure for ddPCR analysis

Before analysis, serum samples were thawed and centrifuged at 2000×g at 4°C for 10 min for DNA

extraction. In accordance with the manufacturer’s protocol, cfDNA was isolated from 2 mL of serum

using a QIAamp Circulating Nucleic Acid Extraction Kit (Qiagen, Hilden, Germany). The DNA was eluted

twice through a column for puri�cation, resulting in 60 μL of eluate that was stored at −80°C until

analysis. Primers and probes for ddPCR detection were designed on the basis of E7 gene sequences of the

target HPV subtypes to generate amplicons of varying length (Supplementary Table 1). Each ddPCR

reaction used 30 μL of DNA template. According to the manufacturer’s instructions for the QIAcuity QX-

200 ddPCR platform (Qiagen), ddPCR reactions consisted of 40 µL of reaction mixture per well that

included the primers, probes, and template. The reactions were ampli�ed in QIAcuity 26,000 24-well

Nanoplates (Qiagen) under the following conditions: initial enzyme activation at 95°C for 2 min, followed

by 50 cycles of denaturation at 95°C for 15 s and annealing at 60°C for 30 s. The exposure time for

imaging of partitions was 400 ms for �uorescein amidite (FAM) and 300 ms for 2’-chloro-7’-phenyl-1,4-

dichloro-6-carboxy�uorescein (VIC). Data analysis was performed using QIAcuity software version 2.1.7

(Qiagen) to quantify HPV copy numbers.

HPV cfDNA monitoring protocol

Participants were enrolled on a rolling basis, and the �rst serum sample collected was regarded as the

baseline sample. A baseline sample was categorized as a treatment initiation sample if it was collected
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between Day −14 and Day +30 preceding initial treatment in patients with primary stage IVB CC, or before

treatment for relapse or disease progression in patients with recurrent CC.

For patients with sequential samples, the time at which the initial blood sample was collected was

designated as time 0. Up to four additional samples were collected at intervals ranging from 8 to 962 days

(median 73 days, mean 128 days), and blood collection continued for up to 1513 days. Blood sample

collection was coordinated with patient treatment and follow-up times to the greatest extent possible for

measurement of HPV cfDNA levels (copies/mL). Serum SCC-Ag levels are routinely assessed multiple

times before, during, and after treatment for patients with squamous cell CC at our hospital using an

Abbott Architect instrument (Abbott Laboratories, Abbott Park, IL, USA). To match the analysis, we

selected SCC-Ag values measured at the same time as the HPV serum sample or at the most recent time

point. To ensure consistency in the analysis, we chose SCC-Ag values measured concurrently with the

HPV serum sample or at the latest time point available. SCC-Ag levels <1.5 ng/mL were classi�ed as

normal, while levels ≥1.5 ng/mL; the upper limit of detection limit was 70 ng/mL. For statistical purposes,

clinical test results exceeding 70 ng/mL were treated as 70 ng/mL.

Following the literature[20][21], serum samples were deemed HPV+ if at least three droplets containing

HPV amplicons were identi�ed. Samples with fewer than three droplets containing HPV amplicons or no

amplicons detected were categorized as HPV-negative. Serum HPV cfDNA levels were quanti�ed as

copies/mL.

Statistical analyses

Statistical analyses were performed using GraphPad Prism 9. The Mann-Whitney U test was used to

assess the difference in the number of viral DNA copies between two groups or two metastasis patterns.

Kendall’s τ correlation test was used to determine the coef�cient of correlation between two factors.

Comparisons of the rates were conducted using Fisher’s exact test. Kaplan-Meier survival analysis was

conducted to calculate the hazard ratio with a 95% con�dence interval (CI) using the Cox model. Overall

survival (OS) was de�ned as time from diagnosis until death from any cause or the last follow-up date

(December 31, 2023). All P-values reported are two-tailed, with statistical signi�cance de�ned as P<0.05.
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Results

Patient characteristics

Our study included 28 patients diagnosed with HPV+ advanced CC treated at our hospital, comprising 21

cases (75%) with primary stage IVB CC and seven cases (25%) with recurrence and metastasis after

treatment. The clinical characteristics of the patients are listed in Table 1. The median age at diagnosis

was 52 years (range 34-67). In total, 76 serum samples were obtained from the cohort, consisting of 69

longitudinal samples from 21 patients (3-5 samples per patient) and single-time samples from seven

patients at treatment initiation. Twenty-�ve (89%) of the baseline samples were obtained at treatment

initiation. HPV cfDNA was quanti�ed in all serum samples via ddPCR.
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N
All patients

(n=28)

Primary IVB stage

(n=21)

Recurrence or metastasis

(n=7)

Age (years)

Median age (range) 52 (34-67) 51 (34-66) 53 (37-67)

Pathological types(n)

Squamous cell carcinoma 26 20 6

Adenocarcinoma 1 0 1

Large cell neuroendocrine carcinoma 1 1 0

HPV subtype

16 20 14 6

58 3 3 0

18 2 2 0

31 1 0 1

66 1 1 0

16,33 1 1 0

Baseline serum sampling time

Treatment initiation 25 20 5

During treatment 3 1 2

Pattern of metastasis

Local recurrence 1 0 1

Lymphatic node metastasis 11 10 1

Hematogenous metastasis 4 2 2

Lymph node + hematogenous metastasis 9 8 1

Lymph node + hematogenous + diffuse serosal

metastasis
3 1 2

Treatment modality
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N
All patients

(n=28)

Primary IVB stage

(n=21)

Recurrence or metastasis

(n=7)

Neoadjuvant chemotherapy 18 18 0

Surgeries 2 0 2

Adjuvant chemotherapy 25 18 7

Radiotherapy/concurrent chemoradiotherapy 25 18 7

Targeted therapy 7 3 4

Immunotherapy 9 3 6

Table 1. Characteristics of patients with metastatic or recurrent cervical cancer

Validity of the test for HPV cfDNA detection and genotyping

To validate the consistency of HPV genotyping between serum and exfoliated cervical cells from the

same patient, we conducted conventional PCR genotyping of HPV cfDNA in baseline serum. The analysis

revealed that only 12/28 patients (42.9%) tested positive; however, the genotyping outcomes were entirely

consistent with those obtained from HPV genotyping in matched cervical exfoliated cells. Subsequently,

the 28 baseline serum samples underwent qualitative and quantitative assessment using ddPCR. The

results revealed that all 28 patients (100%) tested positive for HPV cfDNA, with HPV typing showing

complete concordance (100%) with HPV PCR outcomes from matched cervical exfoliated cells. HPV

genotyping revealed that HPV16, HPV58, HPV18, and other subtypes (31, 66, 33) accounted for 72.4%,

10.3%, 6.9%, and 10.3% of cases, respectively. (Figure 2A).
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Figure 2. (A) Serum HPV cfDNA copy number for six HPV subtypes at baseline. (B) Baseline HPV cfDNA copy

numbers for �ve recurrence/metastasis pattern subgroups. Statistical signi�cance was determined using a

two-sided Kruskal-Wallis test. (C) Relationship between HPV cfDNA viral copy number and metastatic

pattern. Statistical signi�cance was determined using a two-sided Mann-Whitney U test. All plots show the

median and interquartile range on a log10 scale.

Correlation between tumor metastasis pattern and baseline HPV cfDNA

Analysis for the study cohort revealed an association between tumor metastatic pattern and baseline

HPV cfDNA levels. According to their metastatic status at baseline, patients were categorized into two

groups: the single-metastasis pattern (SMP) group (LR, LNM, or HM); and the multiple-metastasis

pattern (MMP) group (LN+H±DSM). The baseline copy number signi�cantly differed among the �ve

recurrence/metastatic pattern groups (P=0.019) and tended to gradually increase with the degree of

recurrence/metastasis (Figure 2B). The median baseline HPV cfDNA copy number was signi�cantly

higher in the MMP group than in the SMP group (P=0.003; Figure 2C).

HPV cfDNA as a predictor of treatment response or failure

We followed the enrolled patients for an average of 24.1 months (range 2.1-77.8). Figure 3 shows temporal

changes in serum HPV cfDNA levels. In all patients with longitudinal testing, changes in HPV cfDNA

levels occurred at a median of 2 months (range 0.3-16.9) before con�rmation of a treatment response or

disease progression via imaging assessment. Six patients with clinically progressive disease (as per

RECIST) exhibited elevation of HPV cfDNA copy number before imaging-con�rmed disease progression.
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The median time from detection of elevated plasma HPV cfDNA to imaging con�rmation of disease

progression was 4.2 months (range 1.9-16.9; Figure 3A1). Likewise, we observed a consistent decrease in

HPV cfDNA copy numbers in 16 patients before imaging con�rmed a treatment response. The median

time from detection of a decrease in HPV cfDNA to imaging con�rmation of disease regression was 1.2

months (range 0.3-2.8; Figure 3B1-D1).
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Figure 3. Paired plots for serum HPV cfDNA (copies/mL) and squamous cell carcinoma antigen (SCC-Ag)

(ng/mL) levels were measured longitudinally in patients with metastatic or recurrent HPV+ cervical cancer

(lines of the same color for each patient). HPV cfDNA levels in serum were scaled using log10. (A1, A2) Patients

whose disease progressed during treatment. (B1, B2) Selected patients who showed a response to cytotoxic

chemotherapy. (C1, C2) Response to immune therapy in a patient with stage IVB cervical cancer positive for

HPV subtypes 33 and 16, treated with paclitaxel + cisplatin, concurrent chemoradiotherapy, brachytherapy,

and bevacizumab. (D1, D2) Selected patients with a response to radiotherapy. (E1, E2) HPV cfDNA levels were

signi�cantly higher than normal at some of the longitudinal time points in �ve patients, but SCC-Ag levels

were within the normal range (<1.5 ng/mL) at all time points. (F1, F2) HPV cfDNA levels for all patients with
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longitudinal samples (n=21) and matched SCC-Ag levels for the patients with squamous cell cancer (n=20).

Each colored line corresponds to one patient, except in C. Horizontal dashed lines indicate the days between

plasma HPV cfDNA levels suggestive of a response or progression (rise or fall in levels) and imaging-

con�rmed changes in disease status. The associated number of days (D) is listed adjacent to the horizontal

dashed line for comparison. It should be noted that not all HPV cfDNA data points are plotted for each patient.

For patients in whom systemic cytotoxic chemotherapy was effective, higher HPV cfDNA copy number at

baseline was correlated with a more substantial decrease in copy number after chemotherapy. For two

patients with high HPV cfDNA levels of 3.1×106 copies/mL and 1.7×106 copies/mL at baseline, the HPV

cfDNA copy number decreased signi�cantly following one or two cycles of paclitaxel+cisplatin (TP)

chemotherapy (median 98.2%, range 96.7-99.5). The rate of decline in viral load slowed after the

subsequent cycle of TP chemotherapy, with a median decline of 51.3% (range 39-63.5%). In addition, a

patient with baseline HPV cfDNA of 2.8×104 copies/mL experienced a 45% reduction in copy number

following one cycle of TP chemotherapy (Figure 3B1).

We observed that changes in HPV cfDNA levels may indicate a response to combined immunotherapy and

targeted therapy. One patient diagnosed with primary stage IVB CC and multiple metastases

(LN+H+DSM) tested positive for HPV33 and HPV16 in exfoliated cervical cells and serum. The patient

received four cycles of TP and concurrent chemoradiotherapy plus brachytherapy for the pelvic-

abdominal primary focus, followed by two additional TP cycles. The HPV33 viral load decreased from a

pretreatment level of 1.5×107 copies/mL to 6.7×104 copies/mL after treatment; however, the HPV16 viral

load increased from 7.7×102 to 1.2×104 copies/mL. Subsequent imaging evaluation after 58 days indicated

the emergence of new foci in the lungs, prompting adjustments to the patient’s treatment plan. Guided by

the immunohistochemical presence of PD-L1-positive cells (combined positive score of 10) in the primary

cervical lesion, the patient received one cycle of TP + bevacizumab + anti-PD-1 treatment. This regimen

led to a swift decrease in viral levels of both HPV subtypes after 36 days, with HPV 33 reaching

undetectable levels and HPV 16 decreasing to 7.8×102 copies/mL (Figure 3C1).

Serum HPV cfDNA levels also changed in response to RT. A transient rise (20.8-fold) in HPV cfDNA copy

number was observed in a patient with stage IVB CC who experienced a 2-week interruption of RT

because of grade IV thrombocytopenia. Following stereotactic body RT to lung metastases, a patient with

pulmonary oligometastases experienced a 29% decrease in HPV cfDNA copy number. Another patient

diagnosed with stage IVB CC and pelvic bone metastases who underwent radical concurrent
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chemoradiotherapy targeting both primary and metastatic lesions exhibited a notable reduction in HPV

cfDNA levels (Fig. 3D1).

Correlation between HPV cfDNA and SCC-Ag

There were 26 patients with squamous cell CC in the study cohort. All 26 (100%) had elevated serum HPV

cfDNA at baseline, but only 18/26 patients (69.2%) had elevated SCC-Ag at baseline (P=0.004, 95% CI, 0-

0.391). Among 72 serum samples from patients with squamous cell CC, the median HPV cfDNA level was

1.7×104 copies/mL (range 0-1.4×107) and the median SCC-Ag level was 2.6 ng/mL (range 0.4-70). There was

no signi�cant correlation between SCC-Ag and HPV cfDNA levels (R2=0.034, P=0.120). For patients with

squamous cell CC who had longitudinal monitoring (n=20), the concordance with disease change was

90% for HPV cfDNA and 50% for SCC-Ag (P=0.014, 95% CI, 0.022-0.621). Comparison of matched serum

HPV cfDNA and SCC-Ag levels for patients with squamous cell CC (Figure 3A–D) revealed that HPV cfDNA

exhibited dynamic �uctuations, while serum SCC-Ag levels in the majority of patients rapidly decreased

to near or below the normal range (<1.5 ng/mL) following initiation of treatment. During the course of

treatment, SCC-Ag levels remained consistently within the normal range (<1.5 ng/mL) at all time points in

�ve patients, but matched serum HPV cfDNA showed �uctuating changes above normal values at some

time points. (Figure 3E1, E2).

Correlation between HPV cfDNA and survival

The 5-year OS rate for the entire cohort was 42.3%, with median OS of 52.1 months at median follow-up

of 42.3 months (range: 10.2-88.5 months). As of December 31, 2023, there were 12 patient deaths and 20

disease progression events. Analysis of survival by HPV subtypes revealed that the difference in OS

between the HPV16+ group and the non-HPV16+ group was not statistically signi�cant (P=0.052; Figure

4A). Patients with primary stage IVB CC (n=21) were strati�ed by baseline median HPV cfDNA level using

3.9×104 copies/mL as the dichotomization threshold. The difference in OS between the groups with

≥3.9×104 copies/mL and <3.9×104 copies/mL at baseline was not statistically signi�cant (P=0.111; Figure

4B).
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Figure 4. (A) Overall survival for patients strati�ed by HPV subtype (HPV 16+ versus non-HPV16+). (B) Overall

survival for patients strati�ed by baseline serum HPV cfDNA copy number using a cutoff of 3.9×104

copies/mL. P-values were calculated using a two-sided log-rank test.

Discussion

We conducted a prospective pilot observational study in patients with metastatic or recurrent CC to

analyze ddPCR HPV cfDNA results in relation to SCC-Ag levels, clinical treatment responses, and

prognosis. The study �ndings con�rm the signi�cant clinical potential of dynamic HPV cfDNA

surveillance for CC. First, we found a correlation between baseline HPV cfDNA copy number and

recurrence/metastasis patterns. Second, HPV cfDNA predicted treatment response or disease progression

at an earlier time point than imaging assessments. Finally, we demonstrated the superiority of serum

HPV cfDNA over SCC-Ag in monitoring metastatic or recurrent CC.

Our positivity rate for HPV cfDNA was 42.9% (12/28) when using PCR and 100% (28/28) when using

ddPCR. We found 100% agreement of HPV typing results between exfoliated cervical cells and serum

samples. These �ndings demonstrate the high sensitivity and speci�city of HPV cfDNA detection via

ddPCR. A meta-analysis comparing the accuracy of different methods for HPV cfDNA detection in HPV+

tumors revealed that NGS outperformed ddPCR and quantitative PCR in terms of sensitivity, while

speci�city remained consistent across all three methods[15]. We found that HPV cfDNA positivity in HPV+

CC correlated positively with tumor stage, tumor load, and lymph node status. Consistent with our

�ndings, a recent study demonstrated a serum HPV cfDNA positivity rate of 100% in HPV+ metastatic

CC[22]. Consequently, HPV cfDNA appears to be an ideal serum tumor marker for HPV+ metastatic or

recurrent CC given the highly sensitive and speci�c detection methods available.
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Studies have shown that HPV cfDNA levels correlate with disease stage, tumor size, tumor load, and

lymph node status[23][24][25]. Accurate quanti�cation of tumor load can be challenging, particularly in

settings involving diffuse serosal metastases. Therefore, we classi�ed recurrence/metastatic patterns

into �ve categories and observed a signi�cant difference in median baseline HPV cfDNA copy number

among these (P=0.019). Patients were categorized into SMP and MMP groups according to their

recurrence/metastasis status at baseline. The MMP group (LN+H±DSM) had higher median HPV cfDNA

copy number at baseline than the SMP group (LR or LNM or HM; P=0.003). The recurrence/metastasis

pattern appears to re�ect tumor load and spread. A study by Mittelstadt et al. involving 35 patients with

CC also revealed correlation between HPV cfDNA levels and tumor load and spread[24]. Patients with

multiple metastases are likely to have a higher tumor load with greater shedding of HPV-containing DNA

fragments, which can enter the blood circulation via several pathways, resulting in higher HPV cfDNA

levels.

In our study, changes in HPV cfDNA levels frequently preceded con�rmation of disease changes on

imaging scans. Several studies demonstrated that changes in HPV cfDNA copy number are associated

with response to therapy for HPV+ tumors[22][24][25]. We found that the median time from the onset of a

change in HPV cfDNA copy number to imaging con�rmation of a treatment response or disease

progression was 2 months (range 0.3-16.9). Another study reported analogous �ndings in HPV-associated

oropharyngeal cancer: changes in HPV cfDNA copy number were observed at a median of 16 days (range

12-38) before imaging con�rmation of treatment response or disease progression in all 22 patients

enrolled[26]. These �ndings suggest that HPV cfDNA can serve as a sensitive marker and a valuable

clinical indicator. In addition, our results indicate that HPV cfDNA can serve as a tool for monitoring the

effectiveness of RT. Among patients receiving effective RT, HPV cfDNA levels gradually declined

throughout the treatment; however, interruptions in RT could lead to transient increases in HPV cfDNA

levels. Moreover, our results demonstrate that the combination of immunotherapy and targeted therapy,

along with cytotoxic chemotherapy, enhances tumor cell death and clearance of HPV cfDNA in vivo,

surpassing the effects of cytotoxic chemotherapy alone. Our �ndings suggest that HPV cfDNA holds

promise as a tool for evaluating the effectiveness of novel therapies such as immunotherapy and targeted

therapy and informing subsequent maintenance treatment strategies for patients.

While SCC-Ag is acknowledged as a serum tumor marker for squamous cell CC[27][28][29], its clinical

sensitivity and speci�city for monitoring responses to therapy are low[30][31]. We compared HPV cfDNA

and corresponding SCC-Ag levels in 72 serum samples and found no correlation between the two data
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sets (R2=0.03, P=0.11). HPV cfDNA exhibited several advantages as a serum tumor marker in our study

cohort. First, the positivity rate was 100% for HPV cfDNA versus 69.2% for SCC-Ag at baseline (P=0.004,

95% CI, 0-0.391). Second, changes in HPV cfDNA copy number showed greater concordance with disease

progression in the group of 20 patients with squamous cell CC with longitudinal monitoring, with a

concordance rate of 90% versus 50% for SCC-Ag (P=0.014, 95% CI, 0.022-0.621). Finally, HPV cfDNA

provides more comprehensive information for dynamic monitoring in comparison to SCC-Ag, as SCC-Ag

levels consistently remained within the normal range in some patients. Thus, HPV cfDNA is a more

useful serum marker than SCC-Ag in patients with metastatic or recurrent CC.

The 5-year OS rate for the study cohort was 42.3% and the median OS time was 52.1 months. This good

outcome was due to active systemic treatment (chemotherapy+immunotherapy) and local treatment (RT

to primary and metastatic foci). Therefore, noninvasive dynamic monitoring using serum tumor markers

is important for this population. Our data showed that correlation between OS and HPV subtypes

(HPV16+ vs non-HPV16+) did not reach statistical signi�cance (P=0.052). However, we observed a trend

towards better prognosis for patients with HPV16+ than for patients with positivity for other HPV

subtypes, and further expansion of the sample size may yield positive results. In the analysis of baseline

copy number in relation to prognosis, the difference in OS between the groups with baseline

HPV cfDNA levels ≥3.9×104 and <3.9×104 copies/mL was not signi�cant (P=0.111). Previous studies

reported a positive correlation between high baseline HPV cfDNA levels and poor prognosis in

oropharyngeal cancer[32][33][34], so further in-depth studies with larger sample sizes are needed to assess

this correlation in CC.

Our study has some obvious limitations, including the small sample size and the heterogeneous

sequential sampling protocol, for which both the number of blood draws and time interval during

treatment varied. We are currently conducting a prospective study of stage IVB CC. Owing to the absence

of literature support for HPV cfDNA sampling protocols, we designed this initial exploratory study with a

small sample size to clarify the value of HPV cfDNA monitoring and explore various sampling times and

intervals. Our study results suggest that monitoring of HPV cfDNA is valuable before, during, and after

treatment. Assessment of HPV cfDNA levels in every chemotherapy cycle (monthly) during treatment

and every 3-6 months during follow-up may be a reasonable approach.

In conclusion, our prospective study demonstrated that HPV cfDNA detection has high sensitivity and

speci�city for prediction of recurrence or metastasis in HPV-related CC, making it a suitable tumor

marker for treatment monitoring and long-term follow-up. Studies have shown that the baseline HPV
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cfDNA copy number correlates with the patient’s metastatic pattern, which re�ects in part the extent of

tumor load and spread. As a serum tumor marker, HPV cfDNA outperforms SCC-Ag in re�ecting changes

in disease dynamics and provides a timely measure of response to various treatments, including RT and

emerging immune and targeted therapies. These preliminary �ndings show the potential of HPV cfDNA

in monitoring the ef�cacy of treatments for HPV-associated cancers and predicting disease progression

and recurrence, but large-scale prospective validation in clinical trials is required.
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Supplementary Table 1. Primer and probe sequences for ddPCR, fragment sizes, and annealin temperature.

Statement and Declarations

Con�ict of Interests

The authors make the statement that there is no con�ict of interest to disclose.

Funding

This work was supported by the Key R&D Program of Zhejiang (2022C04001), the Zhejiang Province

Medicine and Health Science and Technology Program (2020KY454), the Zhejiang Science and

Technology Department Public Welfare Project (LGF22H160075).

Ethical conduct of research

This study was approved by the Medical Ethics Committee of Zhejiang Cancer Hospital and informed

consent was obtained from all subjects.

qeios.com doi.org/10.32388/FJCHWG 18

https://www.qeios.com/
https://doi.org/10.32388/FJCHWG


Acknowledgements

We thank the follow-up in the follow-up room of Zhejiang Provincial Cancer Hospital.

References

�. ^Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: G

LOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Cli

n. 2021;71(3):209–49. doi:10.3322/caac.21660.

�. ^Szymonowicz KA, Chen J. Biological and clinical aspects of HPV-related cancers. Cancer Biol Med. 2020;17

(4):864–78. doi:10.20892/j.issn.2095-3941.2020.0370.

�. ^Cibula D, Pötter R, Planchamp F, Avall-Lundqvist E, Fischerova D, Haie Meder C, et al. The European Societ

y of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Society of Patho

logy guidelines for the management of patients with cervical cancer. Radiother Oncol. 2018;127(3):404–16. d

oi:10.1016/j.radonc.2018.03.003.

�. a, bGennigens C, Jerusalem G, Lapaille L, De Cuypere M, Streel S, Kridelka F, et al. Recurrent or primary meta

static cervical cancer: current and future treatments. ESMO Open. 2022;7(5):100579. doi:10.1016/j.esmoop.20

22.100579.

�. ^Chan KCA, Woo JKS, King A, Zee BCY, Lam WKJ, Chan SL, et al. Analysis of Plasma Epstein-Barr Virus DNA

to Screen for Nasopharyngeal Cancer. N Engl J Med. 2017;377(6):513–22. doi:10.1056/NEJMoa1701717.

�. ^Rothwell DG, Ayub M, Cook N, Thistlethwaite F, Carter L, Dean E, et al. Utility of ctDNA to support patient s

election for early phase clinical trials: the TARGET study. Nat Med. 2019;25(5):738–43. doi:10.1038/s41591-01

9-0380-z.

�. ^Zill OA, Banks KC, Fairclough SR, Mortimer SA, Vowles JV, Mokhtari R, et al. The Landscape of Actionable

Genomic Alterations in Cell-Free Circulating Tumor DNA from 21,807 Advanced Cancer Patients. Clin Cance

r Res. 2018;24(15):3528–38. doi:10.1158/1078-0432.Ccr-17-3837.

�. ^Alix-Panabières C, Pantel K. Clinical Applications of Circulating Tumor Cells and Circulating Tumor DNA a

s Liquid Biopsy. Cancer Discov. 2016;6(5):479–91. doi:10.1158/2159-8290.Cd-15-1483.

�. ^Dawson SJ, Rosenfeld N, Caldas C. Circulating tumor DNA to monitor metastatic breast cancer. N Engl J Me

d. 2013;369(1):93–4. doi:10.1056/NEJMc1306040.

��. ^Tie J, Wang Y, Tomasetti C, Li L, Springer S, Kinde I, et al. Circulating tumor DNA analysis detects minimal r

esidual disease and predicts recurrence in patients with stage II colon cancer. Sci Transl Med. 2016;8(346):34

qeios.com doi.org/10.32388/FJCHWG 19

https://www.qeios.com/
https://doi.org/10.32388/FJCHWG


6ra92. doi:10.1126/scitranslmed.aaf6219.

��. ^Okunade KS. Human papillomavirus and cervical cancer. J Obstet Gynaecol. 2020;40(5):602–8. doi:10.108

0/01443615.2019.1634030.

��. ^Narisawa-Saito M, Kiyono T. Basic mechanisms of high-risk human papillomavirus-induced carcinogenes

is: roles of E6 and E7 proteins. Cancer Sci. 2007;98(10):1505–11. doi:10.1111/j.1349-7006.2007.00546.x.

��. ^Jeannot E, Becette V, Campitelli M, Calméjane MA, Lappartient E, Ruff E, et al. Circulating human papillo

mavirus DNA detected using droplet digital PCR in the serum of patients diagnosed with early stage huma

n papillomavirus-associated invasive carcinoma. J Pathol Clin Res. 2016;2(4):201–9. doi:10.1002/cjp2.47.

��. ^Carow K, Gölitz M, Wolf M, Häfner N, Jansen L, Hoyer H, et al. Viral-Cellular DNA Junctions as Molecular M

arkers for Assessing Intra-Tumor Heterogeneity in Cervical Cancer and for the Detection of Circulating Tum

or DNA. Int J Mol Sci. 2017;18(10). doi:10.3390/ijms18102032.

��. a, bNaegele S, Ruiz-Torres DA, Zhao Y, Goss D, Faden DL. Comparing the Diagnostic Performance of Quantit

ative PCR, Digital Droplet PCR, and Next-Generation Sequencing Liquid Biopsies for Human Papillomaviru

s-Associated Cancers. J Mol Diagn. 2024;26(3):179–90. doi:10.1016/j.jmoldx.2023.11.007.

��. ^Mazurek AM, Rutkowski TW. Practical Application of Circulating Tumor-Related DNA of Human Papillom

avirus in Liquid Biopsy to Evaluate the Molecular Response in Patients with Oropharyngeal Cancer. Cancer

s (Basel). 2023;15(4). doi:10.3390/cancers15041047.

��. ^Chat�eld-Reed K, Roche VP, Pan Q. cfDNA detection for HPV+ squamous cell carcinomas. Oral Oncol. 2021;

115:104958. doi:10.1016/j.oraloncology.2020.104958.

��. ^Nabet BY, Esfahani MS, Moding EJ, Hamilton EG, Chabon JJ, Rizvi H, et al. Noninvasive Early Identi�cation

of Therapeutic Bene�t from Immune Checkpoint Inhibition. Cell. 2020;183(2):363–76.e13. doi:10.1016/j.cell.2

020.09.001.

��. ^Arip M, Tan LF, Jayaraj R, Abdullah M, Rajagopal M, Selvaraja M. Exploration of biomarkers for the diagn

osis, treatment and prognosis of cervical cancer: a review. Discov Oncol. 2022;13(1):91. doi:10.1007/s12672-02

2-00551-9.

��. ^Jeannot E, Latouche A, Bonneau C, Calméjane MA, Beaufort C, Ruigrok-Ritstier K, et al. Circulating HPV D

NA as a Marker for Early Detection of Relapse in Patients with Cervical Cancer. Clin Cancer Res. 2021;27(21):

5869–77. doi:10.1158/1078-0432.Ccr-21-0625.

��. ^Cabel L, Jeannot E, Bieche I, Vacher S, Callens C, Bazire L, et al. Prognostic Impact of Residual HPV ctDNA

Detection after Chemoradiotherapy for Anal Squamous Cell Carcinoma. Clin Cancer Res. 2018;24(22):5767–

71. doi:10.1158/1078-0432.Ccr-18-0922.

qeios.com doi.org/10.32388/FJCHWG 20

https://www.qeios.com/
https://doi.org/10.32388/FJCHWG


��. a, bKang Z, Stevanović S, Hinrichs CS, Cao L. Circulating Cell-free DNA for Metastatic Cervical Cancer Detect

ion, Genotyping, and Monitoring. Clin Cancer Res. 2017;23(22):6856–62. doi:10.1158/1078-0432.Ccr-17-1553.

��. ^Cabel L, Bonneau C, Bernard-Tessier A, Héquet D, Tran-Perennou C, Bataillon G, et al. HPV ctDNA detectio

n of high-risk HPV types during chemoradiotherapy for locally advanced cervical cancer. ESMO Open. 2021;

6(3):100154. doi:10.1016/j.esmoop.2021.100154.

��. a, b, cMittelstadt S, Kelemen O, Admard J, Gschwind A, Koch A, Wörz S, et al. Detection of circulating cell-free

HPV DNA of 13 HPV types for patients with cervical cancer as potential biomarker to monitor therapy respo

nse and to detect relapse. Br J Cancer. 2023;128(11):2097–103. doi:10.1038/s41416-023-02233-x.

��. a, bThangarajah F, Busshoff J, Salamon J, Pruss MS, Lenz C, Morgenstern B, et al. Digital droplet PCR-based

quanti�cation of ccfHPV-DNA as liquid biopsy in HPV-driven cervical and vulvar cancer. J Cancer Res Clin O

ncol. 2023;149(14):12597–604. doi:10.1007/s00432-023-05077-3.

��. ^Hanna GJ, Supplee JG, Kuang Y, Mahmood U, Lau CJ, Haddad RI, et al. Plasma HPV cell-free DNA monitorin

g in advanced HPV-associated oropharyngeal cancer. Ann Oncol. 2018;29(9):1980–6. doi:10.1093/annonc/m

dy251.

��. ^Chen W, Xiu S, Xie X, Guo H, Xu Y, Bai P, et al. Prognostic value of tumor measurement parameters and SCC

-Ag changes in patients with locally-advanced cervical cancer. Radiat Oncol. 2022;17(1):6. doi:10.1186/s13014

-021-01978-0.

��. ^Salvatici M, Achilarre MT, Sandri MT, Boveri S, Vanna Z, Landoni F. Squamous cell carcinoma antigen (SC

C-Ag) during follow-up of cervical cancer patients: Role in the early diagnosis of recurrence. Gynecol Oncol.

2016;142(1):115–9. doi:10.1016/j.ygyno.2016.04.029.

��. ^Shi L, Liu Y, Li J, Kou J, Ouyang Y, Chen F, et al. Establishment of a risk strati�cation model based on the co

mbination of post-treatment serum squamous cell carcinoma antigen levels and FIGO stage of cervical can

cer for treatment and surveillance decision-making. J Cancer Res Clin Oncol. 2023;149(9):5999–6007. doi:10.

1007/s00432-022-04558-1.

��. ^Kawaguchi R, Furukawa N, Kobayashi H, Asakawa I. Posttreatment cut-off levels of squamous cell carcino

ma antigen as a prognostic factor in patients with locally advanced cervical cancer treated with radiothera

py. J Gynecol Oncol. 2013;24(4):313–20. doi:10.3802/jgo.2013.24.4.313.

��. ^Fu J, Wang W, Wang Y, Liu C, Wang P. "The role of squamous cell carcinoma antigen (SCC Ag) in outcome p

rediction after concurrent chemoradiotherapy and treatment decisions for patients with cervical cancer." R

adiat Oncol. 2019;14(1):146. doi:10.1186/s13014-019-1355-4.

qeios.com doi.org/10.32388/FJCHWG 21

https://www.qeios.com/
https://doi.org/10.32388/FJCHWG


��. ^Adrian G, Forslund O, Pedersen L, Sjövall J, Gebre-Medhin M. "Circulating tumour HPV16 DNA quanti�cati

on - A prognostic tool for progression-free survival in patients with HPV-related oropharyngeal carcinoma

receiving curative chemoradiotherapy." Radiother Oncol. 2023;186:109773. doi:10.1016/j.radonc.2023.109773.

��. ^Hanna GJ, Lau CJ, Mahmood U, Supplee JG, Mogili AR, Haddad RI, et al. "Salivary HPV DNA informs locore

gional disease status in advanced HPV-associated oropharyngeal cancer." Oral Oncol. 2019;95:120–6. doi:1

0.1016/j.oraloncology.2019.06.019.

��. ^Cao Y, Haring CT, Brummel C, Bhambhani C, Aryal M, Lee C, et al. "Early HPV ctDNA Kinetics and Imaging

Biomarkers Predict Therapeutic Response in p16+ Oropharyngeal Squamous Cell Carcinoma." Clin Cancer

Res. 2022;28(2):350–9. doi:10.1158/1078-0432.Ccr-21-2338.

Declarations

Funding: This work was supported by the Key R&D Program of Zhejiang (2022C04001), the Zhejiang

Province Medicine and Health Science and Technology Program (2020KY454), the Zhejiang Science and

Technology Department Public Welfare Project (LGF22H160075).

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/FJCHWG 22

https://www.qeios.com/
https://doi.org/10.32388/FJCHWG

